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HanyoHanbHbIi, peLieH31pyeMblii JKypHaJI ITOCBSILEeH OCHOBHBIM
rnpo6iemMaM HayKy O MUILEBOI MPOMbBIIIIEHHOCT. OCHOBHO
MICCHell SIBIsieTCs: CO3/laHMe, arperanys, MoAepykKa 1 pacrpo-
CTpaHeHMe HayYHOTO KOHTEHTA B 00/1aCTH MUIIEBOI IIPOMBIILIIEH-
HOCTU, 00beAVIHEeHVe YCUIINIL MCCIIeoBaTe el HayuHbIX [IeHTPOB,
YHUBEPCUTETOB, ITPeOioIeHe Pa3pbIBa MeXKIY M3IaHUSIMM PETu-
OHAJILHOTO, HALIMOHAIBLHOTO U (eiepasbHOTO YPOBHEN. JKypHas
MPU3BaH OCBELATh aKTyaJbHbIe TPOOIEeMbI B MMILEBOI U CMEX-
HBIX OTPACJISIX, IPOJBUTATh HOBBIE MT€PCIIEKTVBHbIE TEXHOIOTUY
B IIMPOKYIO ayAUTOPUIO HAYYHBIX U MPAKTUUECKUX PAOOTHUKOB,
TperojaBaresieii, aCMPaHTOB, CTYIEHTOB, IIPeIIPUHIMATeel .
HayuHast KOHIIETIIVsI M3AaHWsI TIPeJTioaaraeT myoaImMKarmio HOBbIX
3HAHMIT B 06/IACTY MUIIEBBIX CMCTEM M HAYYHBIX OCHOB pecyp-
cocHeperarmx TeXHOIOTMIi Ty6OKO epepaboTKy CebCKO-
XO0351/ICTBEHHOT'O ChIPBSI, TPOPbIBHBIX TEXHUUECKMX PEIIeHMI ISt
MIPOM3BOJCTBA MUIEBBIX TPOAYKTOB OOIIET0 U CIIeMaTU3MPOBaH-
HOTO Ha3HaueHusI. B JKypHase my6nmnKyOTCs HaydHble 1 0030pHbIE
CTaThU, AOK/IAAbI, COOBIIEHMS, pelleH3MM, KpaTKiie HaydHbIe
coob6IeHust (IMchbMa B peiakiuio), MHGopManoHHbIe my6Iim-
Kalyy 10 HallpaBJIeHMSIM : TEXHOIOTMSI TUIIEBBIX TPOU3BO/ICTB;
poleccsl, 060pynOBaHMe ¥ annapaThl MUIEBbIX TPOU3BOICTB;
TUTMEeHA MUTaHWsT; GMOTEXHOIOTHS; CTaHAAPTU3AIMs, cepTUdu-
Kalusi, KauecTBOo ¥ 6e30MacHOCTh; IKOHOMMKA ; aBTOMATU3ALIMsI
¥ MHGOPMAaTHU3aIMsI TEXHOIOTUYECKIX MPoLieccoB. [Togpo6Hast
uHbOopManus jis aBTOPOB M YMTaTE/Iel IpeicTaBlIeHa Ha caiiTe:
www.fsjour.com.
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ABSTRACT

Monitoring and maintaining food quality, safety, and authenticity are the most important concerns in the food industry. The
cutting-edge flexible sensors for food monitoring precisely satisfy the needs of acquiring information on multiple parameters
in a small space, they provide for the more reasonable layout, get data on the mechanical deformations, and can be conform-
ably attached to arbitrarily curved surfaces. The flexible sensing materials with a large area of specific surface, that ensure
high mobility and density of the media, feature dense active sites, outstanding adjustability and high processing capacities,
such as two-dimensional carbon nanomaterials, conductive polymers, and nano-hybrid materials; those materials have fur-
ther improved the sensitivity, stability and selectivity of the flexible sensors’ perception. This article attempts to critically re-
view the present state-of-arts developments in relation to the materials, manufacturing techniques and sensing mechanisms
of the devices, as well as the applications of the electrically-transduced flexible sensors. Moreover, this article elaborates on
the transduction mechanisms of the several typical transducers, with a focus on the physics behind, including the modula-
tion of the doping level, Schottky barrier, and interfacial layer that typically cause changes in conductivity, functionality and
permittivity. We also highlight the benefits and the technical challenges along with the appropriate solutions provided by the
presented flexible sensors, and we also consider the potential strategies that allow overcoming limitations in power consump-
tion, quantitatively assess the trade-offs in maintaining the quality and marketability, to optimize wireless communication
and explore new sensing patterns.
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I'MBKUWE CEHCOPBI 111 MOHUTOPUHTA ITUITEBBIX MTPOAYKTOB:
YACTDH II — ITPUMEHEHWUE
JIyo II.', Hukutuua M. A.%, Csto 11.1*

! IH>xeHepHBIN KoJeK, Kutaiickuii cembCKOX03s/iCTBeHHBIN yHUBepcuTeT, [lekuH, KHP
? @enepaibHbIi HAYUHBIN IEHTP MKIEBbIX cucTeM uM. B. M. Top6aToBa, MockBa, Poccust

KJIOYEBBIE CJIOBA: AHHOTALIMA
2u6KULl ceHcop, MOHWUTOPYHT U MTOAePyKaHe KauecTBa MUIIEeBbIX TPOAYKTOB, MX 6€30MaCHOCTb ¥ ayTEHTUUHOCTb SIBJISTIOTCS Hanbonee Bax-
MOHUMOPUHZ HBIMM TIpO6JIeMaMy B ITPOM3BOACTBE IIPOAYKTOB MuTaHus. HoBejilime rm6Kme CeHCOPDI [Jisi MOHMTOPUHTA KauecTsa Mulie-
nuujesslx NpoO0yKmMos,  BBIX MMPOAYKTOB UI€ATbHO YIOBIETBOPSIIOT IOTPEGHOCTH MOMyIeHsT MHGOPMAIM [0 MHOTOUYMCIEHHBIM MTapaMeTpam, TIpu
anacmuuHsle no céoell  3TOM 3aHUMast OUe€Hb MaJIoe MIPOCTPAHCTBO 1 06eceunBast BO3MOXKHOCTh Hauboee pa3yMHOTO PasMellleHus B IPOMU3BOACT-
npupode, MexaHu4eckoe BeHHOM IIPOIecce. DTV CeHCOPbI IIPeIOCTABISIIOT JaHHbIe 0 MeXaHNUeCKMX nedopMalysx, ¥ MOTYT yI06GHO pa3sMeIaThCs Ha
coomeemcmaue, MPOU3BOILHO BOTHYTBIX MIOBEPXHOCTSIX. [1M6KVIe UYBCTBUTENIbHBIE MATEPUAIbI C GOBUION TIOIAABIO YIETbHOI TOBEPXHO-
nposodswuii snekmpod, cTu, 06eCIeUNBAOIIE BHICOKYIO MOABVKHOCTD M MTOPTATUBHOCTh UyBCTBUTEIbHBIX 2JIEMEHTOB, XapaKTEPU3YIOTCS BBICOKOM
27ekmpuyeckoe IIOTHOCTBIO JIEVICTBYIONINX STUEEK, TIPEBOCXOTHOM HaCTPaMBaeMOCThIO M OTJIMUYHBIMY TEXHOIOTUUECKMMIM BO3MOKHOCTSIMMU.
ceoticmea, CeHCOpHbIli B 4acTHOCTHM, IByMepHbIe yITIepofHble HaHOMAaTepyasIbl, IIPOBOASIIIE MOMMepbl, M HAaHOMEpHbIe IMOPUIHbIE MaTepPUasIbl
MEeXAHU3M, MEXaHU3M  elre GOJbIe OBBICU/IV YYBCTBUTEILHOCTb TMOGKMX CEHCOPOB, 06€CTIeUMIN CTaGMIbHOCTD CUUTHIBAHMS U CEIEKTMBHOCTH Cpa-
npeobpazosaHust 6aTbIBaHMS. B TaHHOII CTaThe aBTOPbI MTOMBITAINCH JATh KPUTUUECKITT 0630p HOBEMIINX pa3paboTokK B chepe IMpuMeHsieMbIX
MaTepuaaoB, IPOU3BOACTBEHHBIX TEXHOIOIHIA, Pa306paTh MPUHIUIIBI AEJCTBUSI CEHCOPHBIX MEXaHU3MOB 3TUX YCTPOIICTB,
a TakKe aTh 0630p crioco6aM MpUMEHEHMSI TMOKMX CEHCOPOB C IEKTpUUECKMMU peobpasoBaTtesiMu. Kpome Toro, B 3TOI
CTaThe MOAPOGHO PacCMaTPUBAIOTCS MEXaHM3MbI IIPe06Pa3oBaHys, 06yCIOBIMBAIONINE [eiiCTBIE HEKOTOPBIX TUITOBBIX IIpe-
obpasoBaresneii, ¢ yopom Ha (Ghu3MKy, JTEKAIYI0 B OCHOBE TaKOBbIX SIBI€HWIT, BKITIOUAsT MOIYJISIIMIO YPOBHS JIETVPOBAHMS
marepuanos, 6apbepa LIOTTKM 1 Mek(ba3HOTO C/I0s, KOTOPbie 0GBIYHO BbI3BIBAIOT M3MEHEHMsI TIPOBOAUMOCTHU, IUIIEKTPU-
YeCKOJ MPOHMIIAEMOCTH U QYHKIMOHATBHOCTI. MbI TaKKe OJUEPKMBAEM MTPEMMYINECTBA Y TEXHUUECKME MTPO6IeMbl, Te-
peumncisieM COOTBETCTBYIONINE pelleHus1, obecrieurBaemMbie TMOKMMY CEHCOpaMH, a TAKKe pacCMaTpyUBaeM IMOTeHIMaIbHbIe
CTpaTeruu, Mo3BOJISIONINE TPEOIONeTh OTPaHNUEHSI B SHEPrOMOTPe6IeHN I, KOIMUECTBEHHO OIIeHUTh KOMITPOMMCCHI B ITOJI-
IepKaHuM KauecTBa M KOHKYPEHTOCIOCOGHOCTH MPOAYKTa, ONTUMMU3MPOBATh GECIIPOBOAHYIO CBSI3b M MCC/IENOBATH HOBbIE
MOZE/IV CYMTHIBAHMSI JAHHBIX ITYTEM MX CEHCOPHOTO OOHAPYKEHSI.

1. Flexible sensors for food monitoring

The wide range of flexible sensing techniques, shapes and forms that
have been applied to food monitoring will be considered here. In this sec-
tion, we will systematically discuss three types of electrically-transduced
analytical flexible sensors. These sensors include physical sensors, which
are used for monitoring food texture, fruit ripeness, and temperature/

IOJId UUTUPOBAHNA: Luo, D., Nikitina, M.A., Xiao, X. (2024). Flexible sen-
sors for food monitoring. Part II: Applications. Food Systems, 7(1), 4—14. https://doi.
0rg/10.21323/2618-9771-2024-7-1-4-14

humidity variations in the warehouse environment during their stor-
age; chemical sensors, which are used for monitoring pH, heavy metals
content, marker gases of food spoilage (e. g., H,S, NH,, etc.), content of
pesticide and residues of antibacterial substances; and biosensors which
are used for monitoring bacteria, organophosphates, biogenic amines and
pesticide residues. Flexible sensors based on simple colorimetric, fluores-
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cent, and paper chromatography surface enhancement of Raman scatter-
ing (SERS) have also been widely used in food quality, safety, and authen-
ticity monitoring due to their simplicity and cost-effectiveness. However,
they are not strictly considered as electrically-transduced sensors as de-
fined previously. Therefore, we will not consider these sensors here.

1.1. Flexible physical sensors

1.1.1. Temperature

Temperature is one of the important factors that affect the quality and
safety of food. Temperature fluctuations at any point within the chain
of the cold storage and distribution, like handling, loading, unloading,
temperature cycles in the walk-in coolers, at the storage displays, and
during its transportation home provide a strong impact on the shelf life
of refrigerated food products [1,2,3,4,5]. Temperature plays a significant
role in determining the rate of microbial activity development, chemical
changes, and loss of nutritional value. Specifically, during refrigeration
there is a potential risk for the staple food products, as the temperature
between 4 and 12 °C is optimal for the growth of psychotropic bacteria
and thermo-tolerant fungi. To ensure food safety and quality it is crucial
to monitor and regulate temperature at every step of food production,
storage, transport and distribution [6,7].

Escobedo et al. [8] designed a flexible printed temperature sensing
cell. This sensor uses a commercially available PVC board as its flexible
substrate; its conductive electrodes are made of silver conductive paste
applied by stencil printing method. The temperature sensing material
is a conductive polymer PEDOT: PSS. The sensing mechanism can be
described as follows: change in environmental temperature affects as a
physical perturbation on the sensing material, the sensing material acts
as a resistor, and the mobility of the internal charge carriers in PEDOT:
PSS polymer increases along with the increase of temperature, thus
leading to an increase in its conductivity. The conductivity increase is
transduced by the transducer into a resistance decrease, which in its turn
raises circuit current and makes the LED indicator flash brighter. Being
combined with another strain sensor integrated on the substrate card, the
originally lit LED will turn off when the food packaging bag shows signs
of Blown Pack Spoilage (BPS) due to food spoilage, which process proves
that the food is no longer suitable for consumption. The temperature sen-
sor based on PEDOT: PSS showed 70% change of resistance for a tem-
perature variation of approximately 60 °C. Although the resistance-based
sensing mechanism lacks a quantitative correlation between the sensor
response and the precise level of spoilage, its threshold detection is quite
sufficient for the intended application in the field of BPS detection.

1.1.2. Humidity

The level of humidity plays a crucial role in various sectors of the
food industry, ranging from dairy and meat to dehydrated products [9].
Humidity is a key indicator to monitor when testing food quality, as in-
creased moisture provides a favorable environment for the growth of bac-
teria and fungi, thus becoming a safety issue for product consumption
[10]. In addition to microbial growth, humidity can also cause spoilage of
dehydrated products, result in product softening and moisture absorp-
tion, thus shortening the shelf life [11]. Therefore, monitoring and main-
taining the due humidity levels in food packaging and storage rooms are
crucial for preserving the quality and texture of food [12,13].

Molina et al. [14] created interdigitated electrodes (IDE)-based capaci-
tive humidity sensor using flexible PET foils as substrate. Firstly, silver
nanoparticles ink was inkjet-printed onto a PET substrate to patternize the
planar IDE. Then, electrodeposition was performed on PET foil in a nick-
el sulfamate bath at 54°C and current intensity of 20 mA/cm?, resulting
in electrodeposition of layers ranging in thickness from several hundred
nanometers to 15 um. Cellulose acetate butyrate (CAB) was used as the
sensing material and was inkjet-printed onto the IDE capacitor. Thus, the
sensor creation was completed. It should be noted that pretreating PET
substrates with oxygen plasma does not improve the adhesion of metal to
the substrate; it does demonstrate any beneficial results in enhancing the
smoothness of line edges. Additionally, when the printed electrodes come
into direct contact with the environment, silver is highly likely to interact
with moisture, oxidizing and/or releasing some organic residues that may
have been extracted from the ink. Passivation of the inkjet-printed silver
electrodes with nickel can improve the stability of electroplated sensors.
The sensing mechanism of this capacitive humidity sensor can be sum-
marized as follows: the water vapor, which is the target gas, is absorbed
by the polymeric sensing layer. Consequently, the sensing layer swells and
increases its thickness, which alters its dielectric constant es, and modifies
the value of C. When the thickness of the sensing layer is increased (up to
the saturation value of rs,1 ~ 0.5), it can absorb greater number of mol-
ecules in the fixed concentration of ambient gas. This causes larger shifts

of C and leads to higher sensitivity but can also lead to unfavorable factors
such as long-term response and hysteresis of the sensor. The sensitivity of
this device is 2.36 + 0.08 fF per 1% R. H. It is worth noting that the tech-
nique used to fabricate the sensing layer, electrodeposition on inkjet-print-
ed patterns, is a smart technical solution for the simultaneous production
of temperature and gas sensing platforms.

1.1.3. Pressure

The growing competition in both domestic and international fruit
markets has created a demand for better techniques to evaluate ripeness
of fruit. This is necessary to minimize potential losses for the growers and
the packers, as well as to prevent spoilage of fruit supplied to the con-
sumers. While determining the optimal harvest time and precise stage
of ripeness are crucial in evaluating the quality of many fruit varieties,
there is still a necessity to find the appropriate techniques to monitor
the ripeness degree of numerous varieties [15,16]. Flexible tactile sens-
ing technology can serve as useful approach in agriculture to evaluate
the inherent quality of fruit and supplement the information obtained
from visual inspection [1,17]. However, tactile sensors that rely on a sin-
gle mechanism typically cannot comprehensively assess fruit quality in
both qualitative and quantitative terms, which may not provide sufficient
guidance for terms of logistics and shelf life longevity [18]. Thus, highly
sensitive flexible pressure sensors which use multiple mechanisms are
greatly needed [19].

Xia et al. [18] designed a dual-mechanism pressure sensor (DMPS)
that is made up of Ag nanowire/PDMS electrodes and ZnO nanoparticle-
based membranes that are able to sense pressure. The sensor features
sandwich-like structure and is very flexible because of chemical bonding.
It can detect both high-frequency dynamic pressure and static load at
the same time by using both piezoelectric and piezocapacitive effects. It
provides certain benefits in comparison with the traditional piezoelectric
sensors, which cannot continuously detect static pressure. Firstly, the Ag-
NW ethanol dispersion was drop-applied onto PDMS flexible substrate to
create a flexible AgNW/PDMS electrode through solvent evaporation and
annealing. Second, PDMS mixture solution containing Zinc oxide powder
was spin-applied onto a glass substrate and allowed to cure before its
peeling off from the glass substrate. Third, both sides of the PDMS-ZnO
film were plasma-treated with O, and amine-modified to prepare for the
next step of assembly. Finally, two flexible electrodes and piezoelectric
film were assembled into a sandwich structure at 60 °C. Due to the strong
covalent bond between the -OH modified PDMS and APTES modified PZO,
the multilayered structure layers adhere tightly to each other. The sens-
ing mechanisms of this dual mechanism pressure sensor can be described
as follows: (1) In piezoelectric mode, the piezoelectric potential that ap-
pears between the electrodes is created by deformation of the crystal-
line material and internal dipole polarization initiated by mechanical
stimulation. (2) In piezocapacitive mode the addition of nanofillers into
the polymer creates bulges on the membrane surface with empty spaces
between each one. When the membrane is compressed, these spaces are
filled by neighboring composites, thus causing the increase of the com-
prehensive dielectric constant of the dielectric layer. It is worth to under-
line that: (a) In piezoelectric mode, after optimizing the content of ZnO
nanoparticles, this pressure sensor shows the improved electrical output
properties, resulting in an open-circuit voltage of approximately 2 volts
when subjected to an external force of 20 newtons. And it is basically
able to ensure stable functioning under 5,000 load cycles in this mode. (b)
In piezocapacitive mode, the sensor’s pressure sensitivity varies within
0-16 kPa and 16-100 kPa, which is equal to are 17.82 and 5.75 MPa-1
respectively. This is approximately double the sensitivity levels observed
in a sensor produced with flat copper foil electrodes under similar condi-
tions. Moreover, the output of the sensor’s capacity remains stable even
after being subjected to 5,000 load cycles.

1.2. Flexible chemical sensors

1.2.1. pH

During the food spoilage processes the original chemical compounds
like glucose, lactic acid and certain amino acids are catabolized by mi-
crobes or microflora [20]. The pH of the chemical environment of food
can be altered by acidic or basic metabolites produced during microbial
spoilage [21]. These markers, such as liquids (e. g., fatty acids, lactic acid,
etc.) and gases (e. g., amines, carbon dioxide, etc.), can form acidic or ba-
sic substances when dissolved [22]. Therefore, monitoring pH profiles in
food provides a tool for food quality measurement [23].

Xiao and his team [24] developed a flexible battery-free wireless elec-
tronic system (FBES) equipped with electrochemical pH sensor. Double-
electrode pattern is implemented on a thin commercial PET/ITO film
(~125pm) using a carbon dioxide laser for its scribing. Then, Ag/Cl is
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applied to the reference electrode through a drop-coating process to fi-
nalize the production of a flexible electrode. However, the first issue was
the inflexibility of ITO film, which makes it unsuitable for its application
in flexible devices because of the oxide material brittleness [25,26,27].
However, growing ITO into nano-branched structures has solved this is-
sue [28]. At second, the sensing mechanism can be analyzed as follows:
this two-electrode pH sensor can utilize the activity of target ions (H",
OH’) as an input signal, and the potential as an output signal, for effec-
tive conversion of ions to electrons [29]. According to Nernst equation,
when the activity of measured ions increases by 10 times, the poten-
tial/electromotive force (EMF) increases by 59.2 mV/zi (zi is the ionic
charge of the ion “i”) [30]. The activity of ions has a close correlation
with the concentration of hydrogen ions or hydroxide ions. Ag/Cl elec-
trode has made major contribution to the stable potential difference be-
tween the working electrode and the reference electrode: ion-to-electron
transduction proceeds through the reversible redox reaction between
AgCl(s) + e 2 Ag(s) + Cl(aq), which provides stable interfacial potential
between the AgCl/Ag electrode and the inner filling solution [30]. It is
worth emphasizing that the analysis is run under thermodynamic equi-
librium conditions, which means that the system can be observed without
applying the potential that can induce chemical reactions, and thus can
detect chemical substances without involving any redox processes [31].

1.2.2. Gases

Oxygen (0,): Oxygen is essential for life but also can spoil food through
its oxidation (lipid and ascorbic acid), enzymatic reactions (accelerated
ripening, darkening or browning), and microbial growth [32,33]. Thus, it
is crucial to keep track of the levels and variations of oxygen within the
food packaging to ensure food quality and safety.

Seoyeon et al. [34] designed a cut-the-edge self-powered flexible oxy-
gen gas sensor for the smart food packaging. This self-powered sensor
is based on metal-air batteries designed to generate power by oxidizing
metals with the air oxygen. This flexible oxygen sensor was fabricated
through a layer-by-layer process. Firstly, an adhesive gel electrolyte
(thickness 600 pum) was attached to a zinc sheet (anodic adhesion, thick-
ness 100 um), followed by coating with Ag-OPP (oriented polypropylene)
film on the electrolyte. Silver, serving as catalyst (thickness 0.1 pm), was
deposited onto the OPP film (25 pm). Second, the three layers were lami-
nated with an automatic adhesion roller. Compared to gel electrolyte,
both the Ag-OPP film and zinc sheet extended 1cm as conductive elec-
trodes in the opposite direction. The sensing mechanism of this self-pow-
ered flexible potentiometric/voltammetric/amperometric sensor is based
on a metal-air battery capable to generate energy sufficient for monitor-
ing analytes through electrochemical reactions. They are composed of a
metal anode (Zn), an air cathode (0,), and an electrolyte. The pure metal
zinc is oxidized into Zn?** at the anode by providing electrons, which are
then captured by oxygen to diffuse through a gas diffusion layer from
the air at the cathode. The slow redox reaction at the cathode is cata-
lyzed with the help of Ag as an electrocatalyst. The electrochemical reac-
tions of zinc-air battery in acidic or neutral electrolytes are described by
the following equations: Zinc anode: Zn — Zn* + 2e" (E° = -0.762 V), air
cathode: 1/20, + 2H" + 2e” » H,0 (E° = +1.229 V). Under potentiometric
mode, according to Nernst equation, the open circuit voltage (OCV) be-
tween the two electrodes is proportional to the logarithm of the analyte
concentration. Under voltammetric/amperometric mode, when the two
electrodes are connected to the load resistor to form a closed circuit, the
flow of electrons from the anode to the cathode gets proportional to the
analyte concentration. Moreover, according to Ohm’s law, the voltage of
the closed circuit is proportional to the current. In addition, it should also
be emphasized that (1) a sensitivity of 18 mV/% O, and good linearity
(R?=0.999) were achieved within the range of 0-21% O, gas, (2) the silver
catalyst was deposited on a thin and transparent OPP film in the gas dif-
fusion layer because it is oxygen-permeable. Silver is not only non-toxic
but also has antibacterial activity. (3) The gel electrolyte is slightly acidic,
so it is more environmentally friendly and less sensitive to CO, in com-
parison with the strongly alkaline electrolyte widely used in metal-air
batteries (4). In the bending test the initial OCV of the sensor has hardly
decreased after 250 bending cycles (Rc = 3.3 mm).

Carbon dioxide (CO,): carbon dioxide can inhibit the growth of bacte-
ria and fungi, while also lowering the pH level in the food environment
[11]. Carbon dioxide inhibits the growth of gram-negative aerobic bacte-
ria, such as Pseudomonas spp, which can produce bad odors and harmful
chemicals such as sulfides and acids during their growth and metabolism
in food, thus leading to food spoilage [35]. The antimicrobial effect of CO,
is attributed to its ability to create an anaerobic environment that pre-
vents enzymatic decarboxylation [11]. Accumulation of CO, may also dis-
rupt the permeability of certain microbial membranes [36]. Any change

in gas concentration/composition can indicate the deterioration of food
quality and signal the presence of microbial activity undesirable for the
consumers [37]. Monitoring and controlling the amount of CO, is, there-
fore, crucial for extending the shelf life of food [38].

Shahrbabaki et al. [39] developed a flexible CO, sensor through depos-
iting poly(N-[3-(dimethylamino)propyl]-methacrylamide-co-2-N-mor-
pholinoethyl methacrylate) (p(D-co-M)) on planar double-parallel-lines
CB electrode which was stenciled on a PET substrate. The less basic
monomer 2-N-morpholinoethyl methacrylate (MEMA, pKaH of homo-
polymer = 4.9) [40,41] provides more free amine sites for p(D-co-M),
especially at lower pH. This solves the issue of non-linear and irrevers-
ible response by allowing for the adjustment of the basic parameters
of pPDMAPMAm [42]. The sensing mechanism of this chemiresistor can
be described as follows: (1) In transduction, the CO,-responsive amine
side groups of p(D-co-M) can alternate between the neutral and charged
states depending on presence or absence of CO, [43]. This switchable be-
havior in the charge state of amine side groups is translated to the cor-
responding changes in the electrical resistance of the polymer. (2) For
reverse procedure the polymer chains of p(D-co-M) contain primary,
secondary and tertiary amines, which are the organic bases that can re-
act with carbonic acid generated by CO, in the presence of water or wet
organic solvents. In the presence of CO,, the functional groups in the
polymer chains change from neutral to charged state (or vice versa) as
this equation: B + CO, + H,0 2 [BH'] [HCO,]. For reversible CO, sensors,
switchable CO,-responsiveness is required which involves hydrogen pro-
tonation and deprotonation. The deprotonation process is often referred
to as good reversibility. Higher pKaH values indicate stronger bases and
produce higher degrees of protonation (DOP). However, the deproton-
ation process gets more complicated. Higher pKaH values make charged
bases more difficult to deprotonate [44]. The pKaH of tertiary amines is
approximately 6.0-7.0 [45,46], which means that they are mild bases and
are expected to have good conversion properties, i. e., they are easy to
protonate and have good reversibility. Primary and secondary amines
possess N-H bonds that react with CO, in water, thus forming carbamate
salt [47]. Carbamate formation is not desired for sensing applications be-
cause it is not reversible unless exposed to high temperatures, which re-
quires additional heating, expenses and time [43]. Therefore, the tertiary
amine in the polymer chains plays a significant role in improving the re-
versibility and reducing operating temperature of the sensor.

Ammonia (NH,): the spoilage of high-protein food, like fish and
shrimp, releases nitrogen-containing compounds, which are the source
of the unpleasant odor produced during meat decomposition [48,49,50].
Volatile amines such as ammonia, dimethylamine, and trimethylamine
are produced by amino acids decomposition and activity of Pseudomo-
nas bacteria, usually referred to as total volatile basic nitrogen (TVBN)
[51]. Ammonia, as the main component of TVBN, may serve as potential
indicator of protein-rich food spoilage [52]. Real-time measurement of
ammonia emitted from food has great significance for evaluating the food
quality, reducing food waste, controlling the occurrence of foodborne dis-
eases, and studying the relationship between ammonia generation and
food quality [48].

Tang et al. [53] designed a NH, sensor based on flexible PEDOT: PSS
nanowire. The NH; sensing system that was integrated showed improved
performance, with the ability to detect as low as 100 parts per billion
(ppb) of NH,, along with high selectivity and reproducibility. Addition-
ally, the flexible nanowire sensor consumed very little power, as low as
3 uW. Firstly, a soft nanomold containing well-defined parallel nano-
grooves was prepared by thermal nanoimprint lithography (NIL) on a
flat PDMS substrate. Second, after soft bonding to a plasma-treated PET
substrate, the nanogrooves turned into parallel nanochannels. Third, a
few drops of aqueous solution containing functional materials PEDOT:
PSS were applied at the edges of the nanochannels to shape the sensitive
PEDOT: PSS nanowires. Finally, the Au interdigital electrodes (IDE, N=9,
length = 8mm, width = 300 um) were deposited by vacuum evaporation
through a designed shadow mask. The sensing mechanism of this flex-
ible NH, chemiresistor can be explained as follows: during the interac-
tion between the analyte and the sensing material, the distance between
the target molecule and the sensing material becomes close enough to
allow electron transfer between them [54]. The analyte NH, acts as an
electron donor, increasing or compensating for the doped charge density.
This process is commonly referred to as secondary doping of the sensing
material [31]. The modification of the doping density thus changes the
state density in the barrier area and consequently alters the conductivity
of the sensing material PEDOT: PSS. By modulating the doping level, the
change in conductivity of the sensor is closely related to the rate of the
analyte molecule occupancy on the sensing material surface. Specifically,
when being in contact with NH,, the holes in the valence band of the con-
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ducting polymer PEDOT: PSS are depleted by the electron-donating gas
NH,, leading to a significant decrease in conductivity and a macroscopic
increase in its resistance. This mechanism is described by the binding site
hypothesis, where the atoms on the surface of sensing material can serve
as binding sites for molecule adsorption [53,55]. It is worth to mark that
even after 1,200 bending cycles this flexible device still demonstrates ex-
cellent mechanical flexibility and durability with no significant decrease
in performance. And in a dynamic response test to VOCs containing NH,,
ethanol, IPA, p-xylene, acetone, n-heptane, and n-hexane, the flexible
chemiresistive sensor showed a preferential response to NH, (with sen-
sitivity up to 0.25), while the response to other VOCs can be neglected
(with a maximum sensitivity of 0.065) [56].

Ethylene(C,H,): ethylene is the colorless and odorless plant hormone
that plays a crucial part in fruit ripening, especially in climacteric fruits
[57]. The sharp increase in climacteric ethylene production at the ripen-
ing onset is considered as controlling the beginning of changes in color,
aromas, texture, flavor, and other biochemical and physiological param-
eter [58]. Generally, climacteric fruits are harvested before the climacteric
stage, and the ripening process is managed during transportation and
storage by controlling the level of ethylene to maintain optimal fresh-
ness when displayed for sale [59]. Meanwhile, controlled atmosphere was
developed to allow longer storage periods and, subsequently, to provide
a wide variety of fruits to the consumers over the entire year. Therefore,
it is extremely important to monitor and control the ethylene emission
in growth chambers, greenhouses and storage facilities to optimize fruit
freshness [60].

Yan et al. [57] developed a wearable paper-based chemoresistive ethyl-
ene gas sensor which consists of a paper-based substrate, gold interdigi-
tated electrodes (IDE), sensing layer, and encapsulation layer. Firstly, la-
ser direct writing was carried out to pattern the interdigitated electrodes
(IDE) on gold foil which was glued to high-temperature resistant paper
using polyvinyl alcohol glue based on local heating with steam iron. Sec-
ond, a liquid polyimide solution (50 wt%) was coated on both sides of
the interdigitated electrodes as an encapsulation layer, which only left
the sensing area exposed to the target ethylene gas. Finally, modify the
sensing area of IDE through pipetting 10 uL of the SWCNT-PdNP-poly-
styrene microsphere (SPPM) dispersion and drying at room temperature.
Sensing material SPPM contains the following characteristics: (1) The
unique properties of CNTs (i. e., high carrier mobility, excellent physical
properties, ease of modification, sizeable surface-area-to-volume ratio,
etc.) enable the sensor to have a fast response and substantially higher
sensitivity at room temperature. More detailed discussion on the elec-
trical, physical, mechanical, and chemical properties of SWCNTSs can be
found in section 2.3.1 ‘Single-Walled Carbon Nanotubes’ part of the Car-
bon Nanomaterials chapter. (2) As a potential C,H, acceptor and catalyst,
PdNPs are expected to achieve a high and rapid response and a low detec-
tion limit [61], wherein PANPs can both provide a larger surface area and
catalyze the cleavage of carbon-carbon double bonds [62]. Hydrocarbons
can have a good affinity for transition metals, which are located in the
middle of the periodic table, have partially filled d-orbitals that can inter-
act with hydrocarbons in various ways. (3) Polystyrene microspheres fur-
ther improved the sensitivity by increasing the surface area of the SWCNT
network, upgrading the charge distribution and transfer in the SPPM for
ethylene gas sensing, and possibly enhancing the local concentration of
ethylene in the device as it partitions into the polystyrene beads [63,64].
The sensing mechanism can be analyzed as follows: (1) The work function
of Pd (5.12 eV) is higher than that of SWCNT (4.7~4.9 eV) [65], forming
a Schottky junction between them, which causes electrons to flow from
SWCNT to PANP. Oxygen molecules quickly adsorb onto the surface of the
SPPM and, with the help of the Schottky junction, the adsorbed oxygen
molecules combine with the electrons provided by SWCNT to form ad-
sorbed oxygen O,- as shown in the equation: O, + e —» O% (a). This helps
to create an electron depletion layer around the SWCNT [66], leading to
an increase in resistance [67,68,69]. (2) The adsorbed oxygen O,- reacts
with the target ethylene molecules as shown in the equation: 2C,H, +
0% - 2C,H,0 + e (b), which releases electrons. This weakens the electron
depletion layer, leading to a decrease in resistance. (3) The intermediate
product C,H,0 continues to react with the adsorbed oxygen O* as shown
in the equation: 2C,H, + 50* - 4CO, + 4H,0 + 5e" (c). Reaction (c) releases
more electrons, further reducing the resistance of the SPPM. Finally, it
should be emphasized that the concentration of C,H, can be detected
down to 100 ppb using the SPPMs/FWPCS at 25°C.

1.2.3. Pesticides

Pesticides are extensively used in modern agriculture in order to meet
the global demand for food [70,71]. As the pesticides (organophospo-
rus, organochlorine, carbamate, dithiocarbamate, etc.) are carcinogenic,

they are harmful for humans when being included into the food chain
[72] which resulted to the requirement to monitor the availablity of pes-
ticide remnants in soil, their effluents from wastewater, surface water,
primary sources of drinking water, and food items [73,74]. Analytical
techniques such as gas chromatography (GC) [75] and high performance
liquid chromatography (HPLC) [72] demand expensive equipment and
time-consuming processing by the skilled personnel. On the one hand,
enzyme-based sensors are limited in terms of non-specific interactions
with interferents, storage and long-term stability [71,76]. On the other
hand, immunosensors face issues concerning storage, stability, and high
cost when it comes to the use of antibodies [77].

Zhu Xiaoyu and colleagues [78] created a sensor for detecting very
small amounts of the plant growth regulator a-naphthalene acetic acid
(NAA). This sensor was made of combination of two-dimensional phos-
phorene (BP) and graphene-like titanium carbide MXene (Ti,C,-MXene)
materials (MXene, 2D material, it can be synthesized by etching “A” from
MAX phase (“M” represents transition metals, “A” represents group II11A/
IVA elements and “X” represents C and/or N elements)), which were ap-
plied onto a flexible substrate made of laser-induced porous graphene
(LIPG). Using ultrasonic assistance in an organic solvent, a stable nano-
hybrid of BP-Ti,C,-MXene was created by liquid-phase exfoliation of
black phosphorus with cuprous chloride and Ti,C,-MXene, which had
been obtained by etching the aluminum layers from Ti,AIC,. MXene fea-
tures distinct thin-layered nanostructure that offers abundant room for
accommodating the other functionalized nanomaterials. Nonetheless,
the efficiency of MXene can be deteriorated when its nano-layers stack
too much, leading to damaging of the active surface area [79]. In order to
resolve this issue, a noncovalent nanohybrid of BP and MXene has been
proposed as a solution to prevent the aggregation of either material while
also leveraging the benefits of both substances [80]. This electrochemi-
cal sensor operates on the following sensing mechanism: The working
electrode, which has been modified with Ti,C,-MXene/BP biomimetic en-
zymes, demonstrates oxidase-like properties (acting as a nanozyme) in
amperometric mode when the zymolyte NAA is electrocatalytically oxi-
dized. As a result of electron transfer reactions, detectable alterations in
current take place. As the magnitude of the current generated is directly
proportional to the quantity of NAA molecules present in the solution,
the concentration of the molecules can be tracked in a time-dependent
manner [81]. This sensor exhibits an extremely low detection limit (LOD)
of 1.6 nM and an expansive linear range within 0.02-40 pM.

1.2.4. Antibacterial substances

Sulfonamides (SAs) are the derivatives of sulfanilic acid (p-aminoben-
zenesulfonic acid) and are included into the list of the most widely used
antibiotics. Residues of these antibiotics in food pose a serious health
hazard [82]. The antibacterial mechanisms of SAs can be described as:
The sulfanilamide part is structurally similar to p-aminobenzoic acid
(PABA), which is involved in the biosynthesis of dihydrofolic and folic
acids, as well as other substances utilized by microorganisms. SAs act
as competitive inhibitors of the enzyme dihydropteroate synthease, in-
hibiting the catalytic conversion of p-aminobenzoic acid (PABA) to di-
hydropteroic acid, which is a precursor compound of dihydrofolic acid.
Dihydrofolic acid is further reduced down to tetrahydrofolic acid by di-
hydrofolate reductase. Tetrahydrofolic acid participates in the synthesis
of nucleic acids. The lack of nucleic acid synthesis would result in an in-
ability to produce the associated proteins. Therefore, SAs competitively
bind with the enzyme dihydropteroate synthase, inhibiting the synthesis
of dihydropteroic acid, which in turn inhibits the synthesis of nucleic ac-
ids and ultimately protein synthesis, leading to the antibacterial effect
[83,84,85]. Sulfamethoxazole (SMZ) is an important antibiotic obtained
from the sulfonamide class that is used to prevent and treat infections.
However, it is considered a persistent pollutant that can have significant
toxicological effects on both the food of animal-origin and aquatic envi-
ronments [86,87]. Exposure to low levels of antibiotics over a long period
of time can increase the risk of development of antibiotic resistance and
even thyroid cancer in humans [88,89]. Therefore, it is crucial to develop
efficient and convenient methods to detect residual antibiotics in the
food and water [90].

Zeng et al. [91] developed the portable electrochemical sensor for fast
detection of sulfonamides (SAs). At first, the original laser-induced po-
rous graphene (LIPG) with an ordered-porous flake foam-like structure
was prepared and applied on a polyimide (PI) film according to the de-
sign drawing. As the laser stencil scribing was carried out in air, the local
availability of oxygen and moisture could cause the burn-off of some car-
bon during graphitization, thus releasing CO and CO, gases and leading
to porosity [92]. At second, the working electrode was electrochemically
modified with two-dimensional hexagonal boron nitride (2D h-BN), and
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then Ag/Cl ink was drop-coated on the reference electrode. The sensing
mechanism can be described as follows: this voltammetric sensor pro-
duces a measurable response by the variation of the current at different
potentials [93]. The surface of the working electrode was functionalized
with an electroactive layer of hexagonal boron nitride (h-BN) to induce
selectivity towards the targeted analytes. The applied potential is the
driving force for electron transfer reactions, which generate measurable
current changes. As the magnitude of the measured current is directly
proportional to the number of oxidizing/reducing molecules in the solu-
tion, the relevant concentrations of the molecules can be monitored on
physiological timelines [81]. It is worth emphasizing that this voltamme-
try-based sensor displayed a good linear range from 0.5 to 362.5 uM, a
low limit of detection was 0.011 uM, and satisfactory recoveries of SMZ in
the range of 97.5%-101.3% in milk and lake water. It also exhibits excel-
lent repeatability with a 4.01% RSD value for the repeatable peak currents
under the 20" successive measurement, and features good reproducibility
with a 4.65% RSD value. Moreover, after 50 bending cycles, the sensor still
demonstrated good mechanical stability. This sensor was also applied for
the detection of four other SAs, including sulfanilamide, sulfapyridine,
sulfadimidine, sulfisoxazole.

1.3. Flexible biosensors

1.3.1. Foodborne pathogens

Food has been considered as a potential carrier for intentional con-
tamination that could result in human or animal illnesses and deaths, as
well as economic losses [94]. Salmonella enterica, which is found in raw/
undercooked eggs, poultry meat, etc., is one of the most prominent food-
borne pathogens [95,96,97,98,99]. Therefore, monitoring of Salmonella
enterica in food is the solution for prevention and recognition of the is-
sues related to health and food safety.

Soares et al. [100] designed a LIG-based impedimetric immunosensor
which functions with polyclonal anti-salmonella antibody to detect Sal-
monella enterica. The LIG electrodes were produced by laser induction on
the polyimide (PI) film in ambient conditions. And then the working area
was separated from the connector ends of the working electrode with a
passivation layer (fast-drying varnish) to cover the non-active areas of
the electrodes. During the process of electrochemical sensing, passiv-
ation was run to ensure that the working electrode retained a consistent
surface area exposed to the redox solution [101]. The antibody functional-
ization of LIG electrode can be described as follows: firstly, 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide
(NHS) are fixed on the surface of the LIG working electrode in a ratio 3:1.
Then, the polyclonal anti-salmonella antibody is incubated at 4 °C for a
certain period of time, and the biofunctionalization of the sensing mate-
rial is completed through carbodiimide cross-linking chemical reaction
with EDC/NHS. The sensing mechanism of this impedimetric immuno-
sensor can be described as follows: the change in charge transfer resis-
tance (Rct) on the electrode surface is directly proportional to the adhe-
sion of bacterial cells to the biofunctionalized area of the electrode [102].
This “bio-barrier” hinders the entry of electrolytes, acting as an electron-
blocking agent, thus increasing the Rct [103,104,105]. Furthermore, the
presence of adhered bacterial cells acts as an electron kinetic barrier and
steric hindrance [103], thus reducing the electronic transmission path be-
tween the electrolyte solution and the electrode, leading to increase of
Rct. According to this technique, a larger diameter corresponds to a larger
Rct, thus indicating a higher number of bacteria bound to the antibodies
on the electrode surface [102]. It is worth emphasizing that this LIG bio-
sensors showed the capability to detect live Salmonella in chicken broth
within a broad linear range (25 to 105 CFU mL"') and at low detection
limit (13 + 7 CFU mL'; n = 3, mean * standard deviation). These results
were obtained within an average response time of 22 minutes, without
the requirement for preconcentration of the sample or methods of redox
labeling. Furthermore, the LIG immunosensors demonstrated high selec-
tivity, as it was proven by the absence of significant responses to other
strains of bacteria.

1.3.2. Pesticides

Organophosphate (OP) nerve-agent are routinely used as pesticides
in agriculture and household purposes [106,107]. It represents a serious
concern as they can be weaponized as chemical warfare agents (CWA)
[108,109], which represents a major security challenge [110]. Therefore,
there is an urgent need for rapid and selective pesticides monitoring due
to the high toxicity of OP nerve-agents and pesticides [108,111,112].

Mishra et al. [113] developed a stretchable glove biosensor for moni-
toring of the organophosphorus chemical threats. Firstly, the reference
electrodes and long serpentine structures of three-electrode system
were fabricated on the index fingers of nitrile gloves using intrinsically

stretchable Ag/AgCl ink with platinum-catalyzed silicone elastomer
Ecoflex through screen printing. Secondly, the working electrode and
counter electrodes were printed by carbon inks mixed with polystyrene-
block-polyisoprene-block-polystyrene (PS-PI-PS). Third, the serpentine
interconnects were coated with a precise layer of insulation to create a
dielectric barrier between the three electrodes and to prevent any po-
tential short-circuits in the device while exposing the sensing area to
square contact pads. Finally, the working electrode was modified by drop-
coating with the mixture of solutions of organophosphorus hydrolase
(OPH) and Nafion onto it (on the index finger) after cleaning it by cyclic
voltammetry (CV) in the range of 0 to +1.0 V using 0.01 M sodium ac-
etate buffer (pH 4.6) with a scan rate of 0.1 V/s for 20 cycles. Square-wave
voltammetry (SWV) can be used for the analysis of catalytic reactions.
The increased ratio of faradaic current to non-faradaic current allows for
a lower limit of detection and for a higher sensitivity [114]. It features
the following advantages: at first — it can be operated at high frequency
[115] allowing for quick experiments that conserve electroactive species
[116] and tend to result in less hindrance induced by non-electroactive
products on the electrode surface [114]; at second — there is no need
to exclude oxygen from the solution, because the reduction of oxygen
is included in the background current [117]. The sensing mechanism of
this biosensor can be described as follows: organophosphate (OP) nerve
agents diffuse through the conductive semisolid gel matrix on the index
finger sensing area and reach the OPH enzyme layer on the working elec-
trode, where they are catalytically hydrolyzed by the organophosphate
hydrolase (OPH) to yield p-nitrophenol. The presence or absence of the
analyte is determined based on the presence or absence of the character-
istic SWV peak (in this case it occurs at +0.85 V) which corresponds to the
oxidation peak of p-nitrophenol. It should be noted that this glove sen-
sor is intended for single use, which effectively eliminates the risk of the
cross-sample contamination. The special serpentine structures provide
sensors with superior intrinsic stretchability and mechanical deforma-
tion adaptability, with more detailed discussion in paragraph 2 of the sec-
tion 2.2 Conductive electrodes.

Ahmad et al. [118] developed zinc oxide (ZnO)-based biosensor ar-
ranged on porous and flexible substrates (i. e., carbon paper and car-
bon fabric) assigned for the detection of organophosphate (OP) such as
paraoxon. This sensor runs three-electrode system: firstly, Ag/AgCl wire
saturated in 1M KCl was used as the reference electrode, and 2 mm di-
ameter platinum wire was used as the counter electrode. Secondly, ZnO
nanostructures were electrodeposited onto carbon paper/fabric after be-
ing treated with acetone bath and ultrasound, followed by oxygen plasma
treatment to enhance the wettability of the substrate for manufacturing
of the biosensor. Thirdly, the working electrode was immersed in acetyl-
cholinesterase (AChE) solution to immobilize the AChE enzyme on Zn O.
The sensing mechanism of the sensor can be described as follows: firstly,
the three-electrode system and buffer phosphate saline electrolyte (PBS,
pH=7.4) made up an electrochemical cell. Upon the addition of AChCI
to the electrolyte, the amperometric current was measured. Here, the
following reactions were observed: acetylthiocholine + H,0 = AChEth-
iocholine + acetic acid (with AChE catalyzing, a); 2thiocholine — 2e- —
dithio-bis-choline + 2H*(b). The amperometric measurement obtained at
the oxidation potential of AChCl was equal to 0.4 V. Secondly, when the
sensing material was exposed to OP, AChE interacted with OP. This led to
the inactivation of AChE, which could no longer catalyze the hydrolysis
of AChCI to generate thiocholine. As a result, reaction (a) was inhibited,
thus leading to a decrease in the rate of reaction (b) eventually mani-
fested as a decrease in the amperometric response. It is worth to note
that the ZnO biosensors produced on the carbon fabric featured the more
than sufficient results, including increased sensitivity, improved stability
along with the detection range for OP of 0.5 nM-* uM.

1.3.3. Biogenic amines

High concentrations of biogenic amines (BA) found in food are formed
by microbial metabolism, which can be influenced by storage conditions
and temperature. Consequently, the certain amount of BA is frequently
utilized as an indicator for the food quality and safety [119]. High levels
of BA in food can cause food poisoning, while low levels may lead to food
intolerance [120]. Therefore, it is crucial to monitor BA to gain a useful
insight into the real quality and preservation conditions of food products,
and as a consequence, enable risk-reduction of food waste and foodborne
illnesses [121,122].

Vanegas et al. [119] developed Laser scribed graphene (LSG) ampero-
metric biosensor for the detection of BA levels in food samples. Firstly,
the three-electrode system was fabricated using a UV laser stencil en-
graver (laser energy density was 1.7 ] cm%). Ag/Cl ink was applied to the
reference electrode and the solder pads of the three electrodes to pre-
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vent electrode breakage due to repeated application. Subsequently, a
passivation layer of fast-drying nitrocellulose lacquer (approximately
200 pm thick) was applied between the electrodes and the connectors
to insulate the non-active features. Secondly, electroplated copper nano-
cubes were applied on the surface of the working electrode. Thirdly, the
working electrode was biofunctionalized with purified diamine oxidase
(DAO). The sensing mechanism can be described as follows: DAO enzyme
catalyzes the deamination of primary amines, diamines, and substitutes
amines via oxidation to generate aldehyde, ammonia and hydrogen
peroxide(H,0,) [123]. H,0, is then easily decomposed at the working elec-
trode polarized at +500 mV, leading to production of an oxidative current.
The following two equations can describe the chemical reaction process:
R-CH,-NH, + H,0 + O, » R-CHO + NH, + H,0,(with catalyzing DAO, a);
H,0, -» 2H" + O, + 2e~(at 500mV, b). This electrical response can be fur-
ther correlated to the concentration of BA in the electrochemical cell via
the calibration plots. It is worth to highlight that this amperometric bio-
sensor performs well in regards of its electrochemical properties, with an
average sensitivity to histamine of 23.3 pA/mM, low limit of detection of
11.6 uM, and with response time of 7.3 s. These results are comparable to
those of biosensors made from materials of analytical grade.

2. Discussion

The increasingly prominent importance and huge market demand
for food quality and safety, coupled with the fatal flaws exposed by tra-
ditional rigid sensors, including mechanical non-conformability, inac-
curate or unreliable data collection caused by intermittent contact, and
large space requirements, have led to numerous studies devoted to flex-
ible sensors for food monitoring. Firstly, not inferior to rigid sensors, the
flexible sensors also contain abundant number of transducers, such as
resistors, electrochemical sensors, capacitors, etc. When flexible sensing
materials encounter physical perturbations or chemical/biological ana-
lytes, their electrically-related physical properties like conductivity, work
function and permittivity correspondingly change in one or more way,
which changes are subsequently transformed into detectable signals by
the transducer. The diversity of transduction mechanisms enables flex-
ible sensors to operate according to a variety of sensing mechanisms,
making the design of flexible sensors in principle almost unlimited. The
detection indicators cover a wide range of physical parameters like tem-
perature, humidity and pressure, as well as chemical parameters such as
pH, multi-gases, pesticides, as well as the biological parameters such as
foodborne pathogens and biogenic amines. Secondly, the flexible sensing
materials with large specific surface area, high carrier mobility and car-
rier density, dense active areas, outstanding adjustability and processing
capacities such as 2D carbon nanomaterials, conductive polymers and
nanohybrid materials have additionally improved the sensitivity, stabil-
ity and selectivity of flexible sensors. However, there are still some limi-
tations such as high Young’s modulus, poor biocompatibility and poor
responsiveness [124], which make the design and development of flex-
ible sensors quite challenging task. In this discussion we will explore the
benefits, challenges and prospects of flexible sensors application for food
quality monitoring.

2.1. Benefits

Flexible sensing in food monitoring has emerged as a game-changer
that can control and prevent food-borne diseases, ensure consumers’
health and safety, and promote the development of the food industry.
Flexible sensors possess unique features, including light weight, porta-
bility, great flexibility, stretchability, foldability and adaptability, which
make them more efficient and effective in food quality monitoring
[124,125,126]. Flexible sensors, which refer to the combination of cir-
cuits and electronic components that can retain their functions under
circumstances of geometrical bending or stretching, have a long history
of innovation and still keep evolving along with the development of ma-
terials science [125,127]. Innovations in carbon nanomaterials, conduc-
tive polymers, metal-oxide based semiconductors (MOXs), 2D nanostruc-
tured materials [128,129,130,131], nanohybrid materials [78,132-138],
and even optically transparent hydrogels [139], provide high sensitivity,
fast response, low power consumption and long lifespan for the flexible
sensors. The synergy between the material science and microfabrication
technology has served as propulsion force in the advancement of flexible
sensor design, with innovations in one and driving progress in the other.
Flexible sensors in food monitoring precisely meet the needs of acquiring
multiple parameter information in a small space, with more reasonable
layout, being exposed to mechanical deformation, and conformably at-
taching to uneven surfaces. The application scenarios of flexible sensing
in food monitoring are rapidly evolving, starting from measuring tem-
perature, humidity, pH, multi-gases, microorganisms, pesticides, antibi-

otic residues etc. till grading of ripeness, freshness marking and so on.

Herein, we systematically summarize and analyze the critical advantages

of flexible sensors in the latest representative research in the field of food

quality monitoring.

0 Mechanical conformability: The flexibility absolutely stipulated by
the flexible substrate contributes to the deformation dynamics of
the sensors. Flexible substrates, represented by polymers, use these
materials to accommodate strain in molecular level through the fab-
ric of the chemical structure or adjusting the properties familiar to
the polymer engineering community of professionals. Escobedo et al.
[140] designed a strain sensor for monitoring the swollen food pack-
ages which is caused by food spoilage. The superior flexibility and ex-
cellent stretchability provided by substrate PDMS and sensing mate-
rial PEDOT: PSS allow the sensor to be applied onto food packaging of
various sizes and arbitrarily curved surfaces.

O Sensitivity: Flexible sensing materials such as 2D carbon nanomate-
rials, conductive polymers and nanohybrid materials provide sensors
with higher sensitivity, better selectivity and lower threshold of detec-
tion due to their large specific surface area, high carrier mobility and
carrier density, dense active areas, outstanding adjustability and pro-
cessing capacities. Tang et al. [53] developed an ammonia sensor with
Au interdigital electrodes (IDE) using PEDOT: PSS nanowires as the
sensing material. The integrated NH3 sensing system showed the en-
hanced performance, with a detection limit of 100 ppb, as well as high
selectivity and reproducibility. Zhu Xiaoyu and colleagues [78] fabri-
cated a self-assembled phosphorene/Ti3C2-MXene nanohybrid-based
flexible sensor to detect ultra-trace phytoregulator a-naphthalene
acetic acid. It can work in a wide linear range of 0.02-40 uM with a
low LOD of 1.6 nM. Yan et al. [57] developed a wearable paper-based
ethylene gas sensor modified with SWCNTs-PdNPs-polystyrene mi-
crospheres composite for the real-time monitoring of fruit ripeness
and corruption with a low threshold of detection of 100 ppb.

O Durability: The loading-unloading cycles imposed onto the flexible
substrates can cause fatigue failure. And the mechanical deforma-
tion of flexible sensing materials can cause changes in their elec-
trical properties as well, such as conductivity decrease. Therefore,
durability and reliability is one of the key factors determining the
prospects for the development of flexible sensors. Xia et al. [18] cre-
ated a pressure sensor based on Ag nanowire/PDMS electrodes and
a ZnO nanoparticle membrane used for grading of avocado ripeness.
The sensor demonstrated stable functioning under 5,000 cycles of
pressure in piezoelectric mode. The substrate did not reveal any
mechanical fatigue failures that could have been caused by physi-
cal damage of the flexible sensing material that led to unfavorable
changes to its resistance.

O Lightweight and thin: Flexible sensors’ structure feature a very mini-
malistic design due to direct exposure of the sensor to the analyzed
material, due to mixing or stacking it on the conductive electrodes and
flexible substrates without the need for additional redundant compo-
nents. The flexible substrates are mostly micrometer-scale polymer
films or paper-based materials. The production methods for conduc-
tive electrodes such as LSG, inkjet-printing, drop-casting, screen
print, spinning coating, dip coating, electrochemical-assisted deposi-
tion (ECAD), etc., do not significantly increase the thickness of the
sensor. Sensing materials, such as carbon nanomaterials, conductive
polymers, nanohybrid materials, etc., are modified on conductive elec-
trodes by laser induction, printing, drop-casting, etc., and the gained
increase in thickness still remains at the micrometer level only. All of
these engineering design and manufacturing methods have brought
significant progress in weight and thickness of the flexible sensors,
thus distinguishing them from traditional rigid sensors.

0 Wireless communication: If traditional wired technology is used in the
lightweight flexible sensors for data transmission, their advantages in
miniaturization and portability will be greatly lost. The flexible PCB
antenna-based RFID/NFC communication is currently one of the quite
refined solutions of data transmission for flexible sensors. Xiao and
his team [1,24] has made significant progress in integrating flexible
RFID into flexible sensor systems. Escobedo et al. [140] also used NFC
technology for data communication within flexible sensors, as well as
the achieved operation without batteries by using an NFC reader to
power the cell through a custom-designed planar coil antenna.
Overall, the benefits of the flexible sensors in food quality monitoring

are immense. This concept offers an innovative solution to the challeng-
es posed by traditional rigid sensors, and its unique properties make it
well-suited for food quality and safety monitoring. As the technology still
keeps developing, it holds the potential to revolutionize the food industry
and improve the health and safety of the consumers worldwide.
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2.2. Challenges
Although flexible sensors have great potential and advantages in food

quality monitoring, yet numerous issues and challenges remain in the

future research and development of high-performance flexible sensors.

0 Additional contamination: For flexible sensors that come in direct
contact with food or living organisms, or those that are located in the
same confined space, long-term toxicity of analyses and secondary
contamination due to the passive transfer of the flexible substrates
(e. g., metal oxide-polymer foil, carbon paper/cloth, etc.) and sensing
materials (e. g., functionalized ink, LSG, heavy metal nanoparticles,
etc.) through peeling or diffusion are critical areas of research in the
future. The emergence of new materials, re-design of the sensor struc-
tures, appropriate arrangement, encapsulation, and innovation in sur-
face/interface engineering can cope with these challenges.

0O Performance improvement: Enhancement of both stretchability and
sensitivity is another challenge for cutting-edge flexible sensors. The
emergence of new intrinsically stretchable materials, the transforma-
tion from non-stretchable materials to stretchable materials through
improvements with the help of geometric engineering methods, the
combination of the most recent sensing materials, the fusion of mul-
timodal information obtained from comprehensive indicators, the
fusion of multiple transduction mechanisms for single indicators,
combinations of the novel processing technologies can optimize the
balance between sensitivity and stretchability.

0 Fabricating tolerance control: The modification or assembly of sens-
ing materials for flexible sensors requires the use of micro-nanofabri-
cation techniques, like inkjet printing, screen printing, thin film depo-
sition like electrochemical-assisted deposition (ECAD), spin coating,
photolithography, etc. In the mass production process it is pretty chal-
lenging to maintain consistent geometric parameters and electrical
performance of the sensing materials. This leads to emergence of new
challenges for the practical application and commercial production
of high-performance flexible sensors according to high-precision and
high-sensitivity application scenarios. The stable and reliable calibra-
tion systems and advanced data processing are viable options to cope
with this challenge.

0 Energy consumption and regeneration: Energy consumption and re-
generation are ongoing challenges in regards to the flexible sensors.
In long-term monitoring activities such as food spoilage gas detection
and cold chain temperature/humidity monitoring, the reversibility of
sensing materials and the energy consumption of sensing systems are
crucial issues to face with. The development of novel materials with
good regeneration rate and the combination of miniaturized solar
cells and supercapacitors are effective choices to overcome this chal-
lenge. Shahrbabaki et al. [39] have achieved the outstanding results in
the study of reversibility of flexible CO, sensors and provided reliable
analysis of the working mechanism, which involves protonation and
deprotonation. Xiao and colleagues [1,24] have achieved significant
breakthroughs in the field of miniaturized power consumption and
self-powered systems for the flexible sensors.

2.3. Prospects
The development of state-of-art flexible sensors for food quality mon-

itoring is an emerging research field. Quality grading, monitoring of food
spoilage, detection of foodborne pathogens, maintaining of the refriger-
ated supply chain marketability etc., have significant market potential in
the field of food quality monitoring. Here we discuss several prospects of
combining the flexible sensors for food quality monitoring with several
emerging technologies. These prospects may represent feasible research
directions for coping with significant demands and achieving practical
development in food quality monitoring.

O Digital twins: Fresh fruits, seasonally available seafood obtained from
natural wild sources/artificial aquaculture, and other typical perish-
able foods with a short term of expiry require strict monitoring of their
quality and marketability. Digital twins technology has opened up

possibilities for real-time coupling with flexible sensor data, thus en-
abling the quantification of the trade-offs in maintaining food quality
along with its marketability within the refrigerated supply chain [141].

0 TENG-coupled: The triboelectric nanogenerator (TENG) generates
electric power based on the triboelectrification (i. e., contact electri-
fication) of two heterogenous materials and the electrostatic induc-
tion. Compared to electromagnetic and piezoelectric mechanisms,
the TENG technology shows great promise due to its advantages
such as simple and diverse configurations, excellent flexibility, high
output performance and independence from some specific materials
[142]. During food storage, lightless and dark environment is inevi-
table. By generating electricity through mechanical motion or friction,
TENG provides the required power for the operation of the flexible
sensors, and stores the excessive power in the supercapacitors. The
combination of this technology enables power self-sufficiency, thus
making flexible sensors more convenient and reliable in the practical
applications.

O Flexible NFC chip: Installation of wireless communication chips en-
cased in bulky rigid materials on the lightweight and thin flexible
substrates significantly reduces the flexibility and stretchability of the
sensors. Placing the flexible PCB antenna on the outer periphery of
the flexible substrate, while positioning the flexible electrodes, sens-
ing materials and flexible NFC chip within the circular area enclosed
by the antenna, allows maintaining the least dimensional scales of the
sensors. This highly integrated flexible sensing-communication sys-
tem can greatly enhance the practicality of the flexible sensors. One
midway approach is to integrate silicon-based microprocessor chips
into a flexible substrate and thinning the silicon chips [143,144]. How-
ever, this method still relies on traditional high-costs manufacturing
processes. Additionally, the island-like configuration cannot provide
complete flexibility and stretchability to the chip. Another approach
is to develop the intrinsically flexible processor. John Biggs and his
team [145] at Arm have taken a groundbreaking step in the design of
a flexible chip that is fabricated from metal-oxide TFTs arranged on a
flexible substrate.

0 Flexible on-chip spectral sensor: Vis/NIR light can penetrate into the
flesh of malus, prunus, pyrus, and berry fruits, and by diffuse reflection
it can collect physicochemical information such as soluble solids con-
tent (SSC), moisture content, firmness, titratable acidity (TA), extract-
ability of anthocyanins (EA), and others with the help of the spectral
information. Analyzing optical information is an important tool for
food safety evaluation, quality control, and prediction of the optimal
fruits harvesting date. Currently, due to the absence of flexible optical
chips, researches on flexible optical sensors for food monitoring are
still lacking. The emergence of flexible optical chips will bring new
opportunities and possibilities in the field of flexible sensing used for
food quality monitoring.

3. Conclusion

As one of the most important research direction in the field of flex-
ible electronics, the flexible sensors have achieved remarkable results in
wearable tools of health monitoring, high-sensitive detection of physi-
cochemical parameters and the other fields. However, the development
of flexible sensors for food quality monitoring still remains an emerging
research area. The enormous, complex, and crucial demand for food qual-
ity monitoring encourages the urgent research on the novel cutting-edge
flexible sensors. It is worth noting that the development in this emerging
field greatly benefits from the cross-fertilization between the materials
science, electrical engineering, information science, chemistry, physics,
and energy research fields. In general, the flexible sensing and wearable
technology have the potential to revolutionize the field of food quality
monitoring. By providing more accurate and timely information about
the quality and safety of food products, as well as assisting the individuals
in making the informed decisions about their diets, they can significantly
enhance the industry.
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KEY WORDS: ABSTRACT

Ossetian cheese, The aim of the study was the qualitative and quantitative determination of volatile aroma compounds and their formation
aroma, gas pathways in brine Ossetian cheeses. Volatile components of cheeses were isolated by steam distillation and extraction with
chromatography- dichloromethane, with their subsequent determination and quantification by gas chromatography-mass spectrometry. The
mass spectrometry, results of the analysis are presented according to the structural classes of the main chemical components and the correspond-
metabolism, ing microbial metabolic processes. Four processes were found to be the main contributors to flavor formation: lipolysis, prote-
biochemistry olysis, glycolysis, and a number of oxidative enzymatic transformations. Lipolysis of the fatty fraction of cheeses is a source of

formation of volatile carboxylic acids and their esters. Proteolysis of the casein fraction yields branched alcohols, aldehydes,
and a number of aromatic and heteroaromatic compounds. Glycolysis of the carbohydrate fraction is a source of ethanol
formation, which is the main cause of the dominance of ethyl esters in the ester fraction. Redox enzymatic transformations
mainly determine the biosynthesis of unbranched aldehydes, ketones and lactones. A clear distinction between retail and
homemade cheeses was observed, due to the different technological approaches to the cheese preparation. The structural-
chemical and quantitative evolution of the volatile composition of the studied cheese samples during ripening is tentatively
shown. From the authors’ point of view, the aromatic composition of the Tib cheese sort is the most consistent with the Os-
setian cheese standard. This study represents the first gas chromatographic study of Ossetian cheeses and aims to create ob-
jective criteria for controlling technological processes and product quality during production and storage in the food industry.
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Open access

0CeMuHCKULi Colp, Llesbio MCCIeMOBAHMS SIBJISUIOCHh KAUECTBEHHOE M KOIMYECTBEHHOE OTIpeieieHNe IeTYINX apOMaTUUeCKUX COeqVHEHW U TTy-
apomam, 2a3o8as Teii Mx 06pa30BaHMsI B PACCOMbHBIX OCETUMHCKUX ChIpax. JIeTyune KOMIIOHEHTbI ChIPOB BbIAE/ISUIN ITyTEM TTapOBO AUCTUIIISI-
xpomamo-macc- LM Y SKCTPAKIUU OVIXTIOPMETAHOM, C MX TIOCTeIYIONMM OolpeaeneHreM 1 KBauTudukaiyei merogom GC—MS. PesynbTaTbl
cnekmpomempusi, aHa/M3a MpeCTaBIeHbl [0 CTPYKTYPHBIM K/IacCaM OCHOBHBIX XMMUYECKMX KOMIIOHEHTOB ¥ COOTBETCTBYIOIIMM MUKPOGMO-
memabonusm, JIOTMYECKUM MeTaboIMueckuM Ipoleccam. BblJIo yCTaHOBIEHO, UTO IVIaBHBIN BKJIAJ B apOMaTO06pa3oBaHie BHOCSIT YeTbhi-
ouoxumus pe Tpotiecca: JIUIONN3, TPOTEO0/IN3, IJIMKOJIN3, a TAKKe PSI/i OKCUIATUBHBIX (DepMEeHTHBIX MpeBpalieHunit. JINTIoNn3 KUPHO

dbpakuMM CHIPOB SIBISIETCS] MCTOYHUKOM O6Pa30BaHMSI JTETYyUMX KapOOHOBBIX KUCIOT U UX 3GUPOB. IIpoTeonns Ka3enHOBO
dbpaxkuyy faeT pa3BeTBIE€HHBIE CIMPTHI, aTbAEIMUIDI, a TAKKe DS, apOMATUYECKUX M TeTepoapoMaTHMIecKX COeNVIHEeHWIA.
KO3 yrieBogHoM (hpakimu sSBISIeTCsl UICTOYHMKOM 006pa30BaHysI 9TaHOJIA, MIABHO MPUYMHbI JOMMHMPOBAHUS ITUIIO-
BbIX 9GUPOB B 3MpHOIT pparumy. OKUCTUTETBHO-BOCCTAHOBUTEbHbIE ()epMEeHTHbBIE TIPeBpaleHs ONIPeNeIsIOT NIAaBHBIM
06pa3oM 6MOCHHTE3 HePa3BeTBIEHHBIX a/IbJErUI0B M KETOHOB, & TAKKe JIAKTOHOB. OTMEeUeHO YeTKOe pasinyye MeXay po3-
HUYHBIMM U JOMALIHMMU ChIPAMM, UTO CBSI3aHO C Pa3IMYHBIMY TEXHOJIOTMUECKMMM ITOAX0LAMY K IPUTOTOBIEHUIO CHIPOB.
IIpenBapuTeIbHO MMOKA3aHA CTPYKTYPHOXMMUYECKAST M KOMMUECTBEHHAs IBOJIOIVS JIETYUYEro COCTaBa MCCIeAyeMbIX 00pa3-
LIOB ChIpa B Mpoliecce co3peBanyst. C TOUKM 3peHMsT aBTOPOB apOMaTUUEeCKMii COCTaB copTa cbipa Tub mpencTaBisieT co60it
Hauboee COOTBETCTBYIOLINII 3TAJIOHY OCETMHCKOTIO ChIpa. [JaHHOe JCCIef0BaHMe IIpefCcTaBisieT co60ii IepBoe ra3xpoMaro-
rpaduyeckoe UCCIeS0BaHVe OCETMHCKUX CIPOB U MMEET LIENbI0 CO31aHVe 00beKTUBHbBIX KPUTEPUEB /ISt KOHTPOJISI TEXHOTIO-
IMYeCKyX MPOLIeCCOB M KauecTBa IIPOAYKTA MIPY ITOTyYeHMUN U XPAHEHNUY B ITUILEBOH TPOMBIIUIEHHOCTH.

1. Introduction the brine cheeses produced. A comprehensive study of metabolites of

The most authentic Ossetian cheeses are produced in the highlands bacterial and yeast communities in Ossetian cheeses could explain the
and foothills of the Republic of North Ossetia-Alania. This can be ex-  processes developing throughout brine ripening and the formation of the
plained by the still preserved tradition of production, the floral charac- best consumer characteristics of the final product. It should also be noted
teristics of diverse alpine pastures, the characteristics of mountain cat- that the tradition of making Ossetian cheese is closely connected with
tle breeds and the specific microbiological diversity of mountain areas. the tradition of making Ossetian pies popular in Russia, where the former
Among many factors, bacteria and yeasts that occupy specific ecologi- serves as one of the main components and cannot be replaced by other
cal niches are the most important factors determining the quality of raw  types of cheese without losing their original properties. Unfortunately,
milk, the microbiological composition of fermentation and, altogether, the tradition of making Ossetian cheese is currently under threat for a
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number of reasons. Among them are the use of compositional bacterial
starters, often not intended for this purpose, instead of traditional rennet,
the regulatory requirement to use pasteurized milk instead of traditional
raw milk, difficulties in keeping milk producing breeds and relatively low
productivity of the mountain cattle, giving a competitive advantage to
the industrial milk production. In this regard, the main task is not only
to maintain the raw material base and preserve traditional methods of
cheese production, but also to develop multiple analytical methods and,
on their basis, objective criteria for assessing the conformity and quality
of the product. The latter is the main goal of our current work and one of
the first steps in this direction.

To date there has been only one such study on Ossetian cheese, where
polar water-soluble organic acids (lactic, acetic, etc.) in Ossetian cheese
samples were determined and quantified by HPLC [1]. On the other hand,
no studies of Ossetian cheese have yet been conducted using gas chro-
matography-mass spectrometry, despite the fact that this method allows
characterization of a much wider range of volatile metabolites and there-
fore is routinely used in the literature, for example, for reliable qualitative
and quantitative characterization of volatile composition of semi-hard
Spanish goat cheeses, Gouda and Cheddar cheeses [2-5].

Volatile aroma substances play an important role in the flavor of
cheese. The typical flavor of cheese is a result of a combination of volatile
substances produced mainly by four processes: lipolysis of the fatty frac-
tion of cheese, proteolysis of casein protein, microbiological metabolism
of lactose, lactates and citrates, and some oxidative enzymatic transfor-
mations of the lipid fraction. All these transformations are carried out by
the enzyme systems of microorganisms inhabiting both the interior and
the surface of cheese heads. The microbiota of cheese is very complex and
comprises different types of bacteria, yeasts and molds which have been
the subject of numerous articles, reviews and books [6-7].

Lipolysis of the fat fraction produces fatty acids, which are flavor-
forming compounds that give the product the main characteristic cheese
flavors, especially short-chain and middle-chain fatty acids [8-9]. Lipoly-
sis can occur when the milk fat is exposed to lipases or esterases [10-11].
The source of these enzymes is milk itself (lipoprotein lipase), psychro-
philic bacteria present in the raw milk, lipase contamination during the
cheese-making process, and numerous lipase-producing microorganisms
that develop during cheese ripening, introduced either intentionally
(starter bacteria, specific molds or yeasts) or unintentionally (non-starter
lactic acid bacteria, molds, yeasts). In turn, fatty acids may be precur-
sors to other compounds, such as esters resulting from esterification of
fatty acids with alcohols by the action of mainly esterases of lactic acid
bacteria, as well as lactones, ketones and aldehydes formed in oxidative
processes from long-chain saturated and unsaturated fatty acids by li-
poxygenases in Penicillium roqueforti, Penicillium camemberti, Geotrichum
candidum and lipoxygenases produced by the rumen microflora migrating
down the gastrointestinal tract.

Proteolysis of proteins during the cheese ripening plays an impor-
tant role in the texture formation [12-13]. However, it also affects the
flavor of cheese through the formation of peptides and free amino acids.
Large peptides do not contribute directly to the cheese flavor, but shorter
peptides have varying degrees of characteristic bitterness, many of them
being bioactive [14]. The peptidases and proteinases that catalyze prote-
olysis come from several major sources, namely the coagulant (pepsin,
proteinases found in Rhizomucor, Cryphonectria parasitcia or Cynara car-
dunculus), the milk itself (e. g. plasmin, the intrinsic proteinase in milk),
lactic acid starters and other secondary inoculants (e. g. Propionibacte-
rium freudenreichii, Penicillium roqueforti, Penicillium camemberti), as well
as from the complex Gram-positive bacterial microflora formed on the
surface of cheeses, and, in some cases, exogenous peptidases or protein-
ases added to milk or curd to accelerate ripening. The free amino acids
produced by the hydrolytic processes are substrates for a number of fur-
ther catabolic reactions that produce many important flavor compounds.

The catabolysis of amino acids in cheese (its most important direc-
tion) is initiated by the action of aminotransferases/deaminases, leading
respectively to their deamination to a-keto acids and further decarbox-
ylation of the latter to aldehydes [15-16]. Deaminases and aminotrans-
ferases capable of de- and transamination of branched-chain amino acids
were found in the dairy Lactobacillus plantarum, Lacticaseibacillus paraca-
sei and Propionibacterium freudenreichii. The breakdown of aromatic and
branched amino acids leads to aromatic and branched aldehydes (benz-
aldehyde, phenylacetaldehyde, 3-methylbutanal, etc.), and further to
branched volatile acids and/or alcohols (3-methylbutanoic acid, isoamyl
alcohols, etc). Under the action of dehydrogenases from Lactobacillus
casei, proteolytic oxidative breakdown of tryptophan yields the hetero-
cyclic compounds such as faintly odorous indole and very potent 2-me-
thylindole, while phenol and its derivatives are formed from tyrosine
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and phenylalanine [17,18]. Methionine and cysteine (to a lesser extent)
are precursors for sulfur components like methional, dimethyl disulfide,
dimethyl trisulfide [19] mainly as a result of metabolism by lactic acid
bacteria.

In addition to lipids and proteins, lactose is another major component
of milk for cheese flavor formation [20]. Lactose, lactates and citrates
contribute to the formation of diacetyl, acetoin, ethanol, propanols, ace-
tic, propionic and butyric acids. The role of ethanol itself in cheese flavor
formation is insignificant, but it is a source of ethyl esters, the importance
of which in cheese ripening cannot be overestimated. In some cases, eth-
anol is even added to cheese to increase the production of ethyl esters to
improve flavor [21].

In conclusion, the planned studies using gas chromatography-mass
spectrometry will make it possible to develop an auxiliary analytical
procedure for the first time for Ossetian cheese. In the future, this will
help, ultimately, to create an optimal bacterial-yeast starter complex
capable of forming the most preferred metabolic products in cheese
that will positively affect the physicochemical and consumer qualities
of the final product.

2. Objects and methods

Nine samples of Ossetian cheese of different origin, maturity, age,
and aroma were selected (Figure 1) for the study in order to cover the
maximum possible area of organoleptic variations of this cheese type.
In particular, commercial pasteurized cheeses of different degrees of
maturity (Delikat, Nash, Fiagdon1l) and domestic varieties were used:
young (1-2 months) cheeses (Kobi2), mature (4-6 months) cheeses
(Tib, Kobil, Fiagdon2), and overripened (12-18 months) cheeses (Dar-
gavs1, Dargavs2). The age was declared by the manufacturers. Fiagdon,
Tib, Kobi and Dargavs refer to the geographical localization of the place
of manufacture.

Cheese samples were taken in duplicate by cutting 100 g of a sample
from the center to the outer part. The cheese samples were stored in a
refrigerator at 5 °C until they were needed for analysis, but no longer
than 3 days.

For the extraction of cheese volatiles, a sample of 100 g of shredded
cheese was suspended with a blender (Stegler LB-2, Stegler Laboratory
Instrumentation, USA) in 600 mL of water and steam distilled under re-
duced pressure (80-100 mbar) in an oil bath heated to 80-85 °C in order
to keep the temperature of distillation at 40-50 °C as detailed earlier [22].
The resulting 200 ml of distillate was extracted with 2x20 ml of dichloro-
methane (Komponent-Reaktiv, pure for spectroscopy grade). To quantify
the volatiles, dodecane was used as an internal standard and added to the
solvent. Dodecane was not detected in the samples and was well sepa-
rated from other cheese volatiles. After cooling to room temperature, the
combined dichloromethane fractions were concentrated to a final volume
of 0.5 mL on a rotary evaporator (Heidolph Hei-VAP Precision, Heidolph
Instruments, Germany).

At the inlet of a gas chromatograph (Thermo Trace 1300, Thermo
Fischer Scientific, USA) coupled to a mass spectrometer (ISQ MSD, Ther-
mo Fisher Scientific, USA), 5 uL of a cheese extract was injected. The GC
system was equipped with a TR-5MS capillary column (95% dimethyl-
polysiloxane, 5% phenylpolysilphenylphenylsiloxane, L. 30 m x L.D. film
thickness 0.25 mm x 0.25 mm; Thermo Fisher Scientific). Helium was
used as a carrier gas at a flow rate of 1 mL/min. The column temperature
was maintained at 30 °C for 15 min, then programmed at a rate of 10 °C/
min to increase to 150 °C, which was maintained for 20 min. A split ratio
of 1/10 was used and the injector and the ISQ MSD detector were main-
tained at 250 °C and 280 °C, respectively. The mass spectra were obtained
by electron impact of 70 eV and the total ion current (TIC) chromato-
grams were recorded by monitoring the TIC in a scan range of 50-400
amu (atomic mass units). A solvent delay of 6.0 min was used to avoid ex-
cessive solvent disturbing the MS source. Identification of the cheese vol-
atiles was made by comparing the mass spectra of the different volatiles
with the mass spectra of a commercial Mass Spectral Library, Wiley275
(Wiley, Somerset). Semi-quantitative data of the isolated aroma com-
pounds were calculated by relating the peak area of the cheese volatile to
the peak area of dodecane. It was assumed that the volatile compounds
have the same response factor to that of the internal standard. Quantita-
tive results were obtained by calculating the average of three cheese sam-
ple analyses. Coefficients of variation (CoVs) were calculated by repeating
the steam-distillation-extraction procedures with subsequent analysis of
Kobil cheese in order to determine the repeatability of the analysis. The
CoVs of most peaks were lower than 10% and never exceeded 15%, which
was considered to be a satisfactory result for this type of analysis.

The concentrations of the volatiles were expressed as ng/g! of cheese.

A representative GC/MS spectrum of Tib cheese is shown in Figure 2.
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Figure 1. Appearance of the selected Ossetian cheeses
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3. Results and discussion

Eight ketones were detected in the cheeses (Table 1). Ketones are
common components of most milk products and can be biochemically
reduced to secondary alcohols. Methyl ketones are formed from fatty ac-
ids by B-oxidation or from B-keto acids and are known primarily for con-
tributing to the flavor of moldy cheeses. They have typical odors (fruity,
floral, mushroom or musty notes) and a low perception threshold. The
concentration of ketones is moderately dependent on the method of
manufacture and age of cheese. Their lowest concentrations were found
in young (Kobi2) and commercial pasteurized cheeses (Delikat, Nash,
Fiagdonl). The highest concentrations of ketones were recorded in over-
ripened cheese Dargavs2.

Six alcohols were identified in the cheeses (Table 2). Primary alco-
hols are formed by the reduction of aldehydes by alcoholdehydrogenas-
es. They give fruity and nutty notes to the cheese, but their high content
may also cause odor defects. Secondary alcohols are also formed by the
enzymatic reduction of the corresponding methyl ketones. They have
similar but heavier aromatic notes than the methyl ketones. Phenyle-
thyl and benzyl alcohols are considered to be products of the enzymatic
breakdown of phenylalanine, and isoamyl alcohol is formed proteolyti-
cally from leucine.

Also, eight fatty acids were identified in the cheeses (Table 3). Fatty
acids are important odor components of all types of cheese. Long-chain
fatty acids (> 12 carbon atoms) play a minor role in flavor formation be-
cause of their relatively high perception threshold. Short- and medium-
chain fatty acids with an even number of carbon atoms (C4-C12) have a
much lower perception threshold and characteristic notes (vinegar, sour-
ness). In addition, free fatty acids serve as precursors to methyl ketones,
alcohols, lactones and esters. On the other hand, high concentrations of
free fatty acids can cause an unpleasant rancid odor as the cheese ma-
tures, e. g., Dargavs1 and Dargavs2.

35

28

NL:
2,53E9
TIC MS
Sample-
AV-Tib-1

27,55

4
31,25 31,98
35,85
37,57

3783 39,76 41,11 583

4483 46,10

30 32 34 36 38 40 42 44

46

Time (min)

Figure 2. GC/MS spectrum of Tib cheese. Major components: 2-heptanone (16.72), propyl butanoate (17.20),
ethyl hexanoate (20.83), hexanoic acid (21.15), 2-ethylhexane-1-ol (21.57), phenylacetaldehyde (22.08), 2-nonanone (22.88),
phenethyl alcohol (23.43), dodecane (24.6), propyl octanoate (26.1), 2-undecanone (26.17), decanoic acid (27.35),
ethyl decanoate (27.55), propyl decanoate (29.26), 2-tridecanone (29.44), dodecanoic acid (31.25), ethyl dodecanoate (31.98),
propyl dodecanoate (35.85), 6-heptyl-tetrahydropyran-2-one (37.57), ethyl tetradecanoate (42.63)

PucyHok 2. Ciexktpbi I'X/MC cbipa Tu6. OCHOBHbIe KOMIIOHEHThI: 2-rentaHoH (16,72), npormmn6yranoar (17,20), aruiarekcanoar (20,83),
rekcaHoBasi kuciora (21,15), 2-aTunrekcan-1-on (21,57), dennmnaneransgernsy (22,08), 2-HoHaHoH (22,88), peHeTmioBslit ciupT (23,43), noaekax (24,6),
nmponmiIoKTaHoar (26,1), 2-yHaekaHoH (26,17), nekaHoBas kuciora (27.35), armngekanoar (27,55), nponmigekaHoar (29,26), 2-TpuaekaHoH (29,44),
moneKkaHoBast Kucinora (31,25), atmngonekaHnoar (31,98), nponmmingopekanoar (35,85), 6-renTmi-Terparuaponupas-2-oH (37,57), atmarerpagekasoar (42,63)
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The occurrence of the short-chain butyric acid in mature and partially
overripened Kobil and Dargavs2 cheeses requires a special mention. It
is not related to lipolysis but to the anaerobic metabolism of lactose by,
for example, Clostridium acetobutyricum or other butyric acid bacteria to
butyric acid, gaseous CO, and H,, and leads to a defect known as late gas
blowing [23], which causes cracks in cheese during ripening and the de-
velopment of an unpleasant rancid odor characteristic for butyric acid.
The late gas blowing is a problem especially occurring in brine-salted
cheeses because of the time required for NaCl to diffuse into cheese and
to reach inhibitory concentrations.

Twenty-seven esters were detected in the cheeses (Table 4). The esters
are common volatiles in cheese. Esterification reactions occur between
short- and medium-chain fatty acids formed by lipolysis and alcohols.
Most esters in cheeses are described as having sweet, fruity and floral
notes. Some of them have a very low perceptual threshold and their con-
tribution to odor is enhanced by synergistic effects. They can also con-
tribute to the aroma of cheese, minimizing, for example, the harshness
and bitterness imparted by fatty acids. The amount of esters, numerically
and by mass, is most high in overripened Dargavs1 and Dargavs2 cheeses,
and is mostly absent in young and pasteurized commercial cheeses (De-
likat, Nash, Fiagdon1).

Eight aldehydes were identified in the cheeses (Table 5). Linear alde-
hydes can be formed by B-oxidation of unsaturated fatty acids or from
amino acids by Strecker degradation. Benzaldehyde and phenylacetic
aldehyde are formed from the degradation of phenylalanine by both en-
zymatic and non-enzymatic pathways, such as Strecker degradation. It
should be noted that methional aldehyde in Dargavs2 and Kobi2 cheeses
is a product of deep proteolytic degradation of methionine, and the pres-
ence of furfural in Fiagdon1 and Fiagdon2 cheeses may be an indication
of the pentosan-rich local corn diet of the animals. Aldehydes are tran-
sient compounds in cheese because they are rapidly reduced to primary
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Table 1. Ketones / Ta6nuia 1. KeToubt

Compound Tib Delikat Nash Kobil Dargavsl Fiagdon1l Dargavs2 Fiagdon2 Kobi2
2-hexanone — — — - — — 29.2 — -
2-heptanone 339.2 619.1 570.2 530.3 405.7 618.7 4444.4 639.3 175.4
2-octanone 24 7.7 — — — — 87.7 6.4 —
2-nonanone 458.8 791.6 356.8 633.8 1736.8 834.9 8245.6 724.1 166.5
8-nonen-2-one — — — — 245 — 2149.1 33.7 45
2-undecanone 179.4 653.6 228.1 672.6 548.2 731.4 277.8 387.3 63.6
2-tridecanone 89.7 807 164.5 918.4 493.4 331 251.1 226.9 21.6
2-pentadecanone 74.2 762.9 80.6 569.2 208.3 206.8 142.3 316.2 16.5
Table 2. Alcohols / Ta6nuia 2. CoiupTs
Compound Tib Delikat Nash Kobil Dargavsl Fiagdon1 Dargavs2 Fiagdon2 Kobi2
2-heptanol 15.5 — — - 131.6 — 1155 245.2 28
2-nonanol — — — - — — 1052.6 247.5
phenethyl alcohol 176.3 168.7 311.2 698.5 892.1 676.9 160.8 5960.4 202.1
2-ethylhexane-1-ol 127.2 74.8 192.2 — — 171.1 — 121.5 30.5
benzyl alcohol — — — — — — 131.5 — —
iso-amyl alcohol — — — - — — — 1251.2 32.2

Table 3. Fatty acids / Ta6nuua 3. JKupHbie Kuciorsi

Compound Tib Delikat Nash Kobil Dargavsl Fiagdon1 Dargavs2 Fiagdon2 Kobi2
butanoic acid - - - 1940.3 - — 482.5 - -
3-methylbutanoic acid — — — — — — — 29.8 —
hexanoic acid 440.2 47.9 — 24939 25043.9 1086.9 11769 61.2 —
heptanoic acid — - - 207 — - — 59.6 —
octanoic acid 2 - - 49711 29561.4 129.7 31564.3 149 —
decanoic acid 2139 3737.8 - 26841 9638.2 2055.2 59502.9 646.2 —
dodecanoic acid 228.9 40.3 - 3078.6 767.5 244 4590.6 55 —
tetradecanoic acid 10.3 - - 129 — - 149.3 — —

Table 4. Esters / Ta6nuia 4. Ciosxabie 3(upb

Compound Tib Delikat Nash Kobil Dargavsl Fiagdon1l Dargavs2 Fiagdon2 Kobi2
isoamyl acetate — — — — — — 63.9 61.9 —
ethyl butanoate — — - 64.7 219.3 — 26.1 — 5.3

propyl butanoate 105.2 — — 4.6 — — — — —
sec-butyl butanoate — - - — — - 87.7 — —
pentyl butanoate — - - — — - 248.5 25.2 —
benzyl butanoate — — — — — — 117 — —
ethyl hexanoate 146.4 — — 349.3 4287.3 21 570.1 11.5 6.7
propyl hexanoate 29.4 — — — — — — — —
isopropyl hexanoate — — — — - — 424 — —
butyl hexanoate - - — — 106.6 - 102.3 — —
isobutyl hexanoate — — — — 20 — 994.1 — —
isoamyl hexanoate - - - - 953.4 - 687.1 - 5.3
ethyl octanoate 117.5 24 23.4 294.7 6688.6 — 1549.7 — 7.6
propyl octanoate 137.1 — — — 514.9 — 745.6 — —
isopropyl octanoate - - - - - - 760.2 - -
isobutyl octanoate — — — — 70.2 — 891.8 — —
ethyl decanoate 281.4 - 11.7 1474.6 8662.3 - — - 28
propyl decanoate 335 — — 62 164.5 — 1666.7 — —
sec-amyl decanoate — — — — 132.9 - 1549.7 — —
iso-amyl decanoate - — — — 563.4 - 409.4 - —
ethyl dodecanoate 168 — 6.7 1241.8 7785.1 21 1271.9 26.5 14.7
propyl dodecanoate 175.3 - - - 458.3 - 293 - -
i-Pr dodecanoate - - — — — - 599.4 - —
ethyl tetradecanoate 104.1 - — 983.1 7236.8 - 628.7 — 21.6
i-Pr tetradecanoate - - — — — - 248.5 - —
phenethyl acetate 69.1 - — 49.6 603.1 - — 3380 10.1
phenethyl propionate - - — — — - — 50.4 4.7
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alcohols or oxidized to the corresponding acids. They are characterized
by a grassy or hay-like aroma and can be very unpleasant if their concen-
tration exceeds certain values. As discussed above, the concentration of
aldehydes decreases as cheese matures due to their enzymatic reduction
to alcohols or oxidation to carboxylic acids.

Four lactones were detected in the cheeses (Table 6). Lactones are as-

sociated with oxidative breakdown of lipids. The aromatic characteristics
of lactones vary: oily, fruity, coconut. Lactones are initially present in the
lipid fraction of milk and undergo a slow but complete breakdown as the
cheese ages, as in the case of the overripened Dargavs2 cheese.

Also, three compounds that do not fit into any of the above groups,

namely phenol, indole and skatole, were found in some samples (Table 7).
All three are products of deep proteolytic breakdown of phenylalanine and
tryptophan. Skatole (3-methylindole) is particularly known for its distinct
fecal-rotten and musty odor. The highest concentrations of indoles are
found in Cobil and especially Cobi2 cheeses and are decisive in their flavor.

In general, based on GC-MS data, it can be concluded that the ripen-

ing process of Ossetian cheeses is determined by metabolic accumulation of
lipolysis products (especially Tib, Delikat, Dargavs1, Dargavs2) and prote-
olysis products (especially Kobi2). In some cases, both processes are present
simultaneously (Cobil, Fiagdonl, Fiagdon2). In one case (young commer-
cial cheese Nash), only very small amounts of all metabolites were detected.

Table 5. Aldehydes / Tabnuua 5. ATbaeruabl

Volatiles found in Tib and Fiagdon2 cheeses exhibited reasonable simi-

larities to white brined cheeses analyzed and described in the literature
[24-26] both qualitatively and quantitatively, especially in regard to the
most significant flavor forming substances from the class of carboxylic ac-
ids, esters, ketones and aldehydes. Unlike them, the cheeses Delikat, Nash,
Kobil, Kobi2, Dargavs1, Dargavs2, Fiagdon1 showed significant deviations
in many ways when compared to the known brine-ripened cheeses.

4.

Conclusion
For the first time, volatile aromatic substances of nine homemade and

commercial Ossetian cheeses have been analyzed. Aliphatic ketones, al-
cohols, fatty acids, esters, aldehydes, lactones and a number of heterocy-
clic compounds of indole and furan series were detected in the samples
in different concentrations. This provides an evidence of the predomi-
nance of lipolytic and proteolytic processes during ripening of the stud-
ied cheeses. From the authors’ point of view, the Tib cheese is the most
compliant with the classical variant of Ossetian cheese. Overall, we were
able to use the GS-MS method to document the qualitative and quanti-
tative volatile profile of Ossetian cheese both for its classic version and
for its local deviations from the standard, which can further serve as an
objective analytical criterion for its production. In the future, the authors
consider it necessary to study the ripening processes in dynamics.

Compound Tib Delikat Nash Kobil Dargavsl Fiagdonl Dargavs2 Fiagdon2 Kobi2
phenylacetaldehyde 24.7 14 38.3 138 — 246.3 — 34.4 30.5
nonanal 10.8 17.3 36.7 — — 35.7 28.8 6.9 6.4
dodecanal 36.1 53.7 63.6 — — 39.1 — — —
tetradecanal 18.6 82.4 — 65.9 — 35.6 — 52.7 —
octadecanal 61.9 180.2 - 159.4 595.2 138.9 — 229.2 22.1
benzaldehyde 27.5 — — 55 — 112.8 — 9.2 —
methional — — — — — — 43.9 — 54.7
furfural - - - - — 39.2 — 20.6 —
Table 6. Lactones / Ta6nuia 6. JJaKTOHBI
Compound Tib Delikat Nash Kobil Dargavsl Fiagdonl Dargavs2 Fiagdon2 Kobi2
6-pentyl-tetrahydropyran-2-one 62.7 40.3 - — — — — 41.2 —
6-hexyl-tetrahydropyran-2-one 141.2 580.8 118.1 — 219.3 342.2 — 355.2 21.6
6-heptyl-tetrahydropyran-2-one 110.3 467.7 85.5 401 142.5 216.2 — 210.8 30.5
gamma-dodecalactone - 34.5 - — — 584.8 — — —
Table 7. Other compounds / Ta6uiia 7. [pyrue KOMIOHEHTbI
Compound Tib Delikat Nash Kobil Dargavsl Fiagdonl Dargavs2 Fiagdon2 Kobi2
phenol - - - 34.8 - - - - 575.8
indole - — — 7114 — 327.2 — 55 4542.7
3-methylindole — — — — — — — — 8.9
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Yanukuay IMerpakuc Hukomaesuu nonyvan fanusie GC-MS.
Ans6unHa IOpreBHa TyaeBa npoBesia 0630p IUTEPATYPHBIX MCTOYHUKOB
TI0 VICCIIeyeMOii IpoGeMe.

ABTOpBI B PaBHBIX JIOJISIX MMEIOT OTHOIIEHMEe K HAMVCAHUIO PYKOTIICH
¥ OAVIHAKOBO HECYT OTBETCTBEHHOCTH 3a IIaruat.
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INPOTHO3MNPOBAHUE TEXHOJ/JIOTMYECKHUX CBOIICTB
NMNIEHNYHOUN MYKU COYETAHMUEM METOJ OB UV-VIS-NIR
CIIEKTPOCKOIIMX U MHOTOMEPHOTI'O AHAJIN3A

ITnaToBa P. A.!, )Kupkosa E. B.!, MeTnenkus 1. A.',* JisicenkoBa A. A.', ITnatos 10. T.!, Paccynos B. A.?
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K/IFOYEBBIE CJ/IOBA: AHHOTALIUA

nweHuyHas MyKa, 3a rocyeHMe AeCITUAETHS IS UAeHTUOUKAIMY M KOHTPOJISI COCTaBa MUIEeBO MTPOAYKIMY IIMPOKO MCIIOIb30BaIMNCh METO/IbI
mexHonozu4eckue ONTUYECKO! CIIEeKTPOCKOINM, He TPeOyIoIIye CI0KHOI MPOOOTIOATOTOBKY. B HACTOSIIIEM MCCIeIOBaHMUYM ITPOAHATM3MPOBaHA
ceoticmea MyKu, yséem, BO3MOKHOCTb ITpumeHeHnst UV-VIS-NIR crieKTpocKonmu B COYeTaHUy C MHOTOMEPHBIM aHaIM30M It Tpafatiyy MIIeHUIHO
KOJIOpUMEMpuUYecKas  MyKHU TI0 TPYIIIaM, pa3iMJyaroluMcst 1o TeXHomornueckum cBovictBaM. UV-VIS-NIR criekTpsI comepskaT MHOOPMAIIUIO O coue-

Open access

cucmema L*a*b*, TAHMY Y MTHTEHCUBHOCTY II0JIOC MOMIOLeHMSI, TPUITMChIBaeMbIX QYHKIMOHAIBbHBIM I'PYIIIaM KOMIIOHEHTOB COCTaBa ¥ OIpee-
UV-VIS-NIR JISTIOLIVX TEXHOJIOTMYeCKe CBOJCTBa MieHnyHoi Mmyku. ChopmupoBaHa 6a3a nanHbix UV-VIS-NIR criekTpoB 06pa3sios miie-
cnexmpockonus, HUYHOWM MYKM, Pa3iINyYalomMXcs 110 TEXHOIOTMUECKMM CBOJICTBAM Ha TPU TPYIIIBI: IepBasi IpyIna — 06pa3Lbl MIIeHUYHOI
Memod enasHsix MYKM C XOPOLIMMM XJ1e60I1eKapHbIMY CBOMCTBAMM, BTOPAsi IPYIIIIA — C MOHMKEHHBIMM XJ1e60TIeKapHbIMY CBOICTBAMMY, TPEThSI
KOMNOHEHM, rpyIIa — ¢ HU3KMMU xyeborekapHbiMu cBosictBamu. [To Bupmmomy auanasony UV-VIS-NIR criekrpa auddysHoro orpaxeHust
JNIUHELIHbLL MpOU3BeJeH pacueT KOOPAMHAT LiBeTa B KoopuMmeTrpuueckoi cucreme MKO L*a*b*. Camoe 3HauMTesbHOE pasinyye B IiBe-
OUCKPUMUHAHMHbLL TOBBIX KOOPAMHATaX 06pa3loB MeXAy Irpynnamyu o6HapykeHO B KoopamHaTe b*, yTo 06yc/I0BIeHO Pa3IMUHbIM COLepsKaH!-
avanus eM KpacsIyX MUMIMeHTOB. basa JaHHBIX CIIEKTPOB MCIIOIb30BaHA AJISl TOCTPOEHMS KiIacCpUKaIMOHHO! MOJeny rpajauumn

MIIeHNYHOJ MyKJ Ha TPYMIbI KauecTBa COUYeTaHMeM MeTO[OB IIaBHbIX KOMIIOHEHT M JIMHEeHOTO OVMCKPUMMMUHAHTHOTO aHa-
sm3a (PCA-LDA). JlocTUTHYTbIe pe3y/IbTaThl YKa3bIBAIOT HA TO, YTO KIacCMbUKAIMOHHAs MOJe/b, [IOCTPOEHHAasT Ha 00yJaio-
1eit BIGOPKeE, CIIOCOOHA Pa3anuaTh CIIEKTPHI MIIEHNYHO MYKM 110 IPYIIIAM KayecTBa C TOUHOCTbIO 96,49%. dddeKkTnBHOCTH
MOZie/M IIPOBEPEHA C UCIIONb30BaHMEM TECTOBOrO Habopa CIIeKTPOB 06pas3iioB MIIeHNYHO MyKu. Hacrosiiee mccienoBanme
noaTBepkaaet, 4o Komb6uHarus UV-VIS-NIR criekrpockonmu B couetanuu ¢ metonom PCA-LDA o6rafaer 3HAUMTETbHbIM
MOTEHIMAJIOM ISl OTIpeie/IeHMsI TPYTIITbl KAueCcTBa IMIIeHUMYHOM MYKM 110 TEXHOJIOTMYeCKMM CBOVCTBAM.

BJIATOIAPHOCTU: ABTODPBI BhIpaskaloT MPMU3HATENbHOCTh coTpyaHKam @TAHY HUU xye6omekapHoi mpoMbliiieHHOCT MapTupocsuy B. B u Uep-
HbIX B. {I. 3a npefocTaBieHne JaHHBIX O TEXHOIOTMYECKMX CBOVCTBAX MIIEHNYHOI MYKU.
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wheat flour, Over the last decades, optical spectroscopy methods that do not require complex sample preparation have been widely used to
technological identify and control the composition of food products. In the present study, the possibility of using UV-VIS-NIR spectroscopy
properties of flour, combined with multivariate analysis for grading wheat flour into groups differing in technological properties was analyzed.
color, colorimetric UV-VIS-NIR spectra contain information on the combination and intensity of absorption bands assigned to functional groups
system L*a*b% of the composition components and determining the technological properties of wheat flour. The database of UV-VIS-NIR
UV-VIS-NIR spectra of wheat flour samples differing by technological properties was formed into three groups: the first group — wheat
spectroscopy, flour samples with good baking properties, the second group — with reduced baking properties, the third group — with low
principal component ~ baking properties. The visible range of UV-VIS-NIR diffuse reflectance spectrum was used to calculate the color coordinates
analysis, linear in the CIE colorimetric system L*a*b*. The greatest difference among the groups in the color coordinates of the samples was

discriminant analysis ~ found for the coordinate b*, which is associated with the different content of coloring pigments. The spectra database was
used to build a classification model for grading wheat flour into quality groups using a combination of principal component
analysis and linear discriminant analysis (PCA-LDA) methods. The achieved results indicate that the classification model built
on the training sample is able to distinguish wheat flour spectra by quality groups with an accuracy of 96.49%. The effective-
ness of the model is verified using a test set of spectra of wheat flour samples. The present study confirms that the combina-
tion of UV-VIS-NIR spectroscopy in conjunction with the PCA-LDA method has significant potential for determining a quality
group of wheat flour based on technological properties.
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1. BBegeHue

B Hacrosmiee BpeMs pacTeT CIIPOC Ha BBICOKOKAYeCTBEHHYIO CeTbCKO-
XO0351/ICTBEHHYIO TIPOAYKLMIO, YTO TpeByeT MpoBeeHNs] MHCIIEKI[MOHHBIX
MIPOLIECCOB B II€IIOYKAaX MOCTABOK MPOM3BOAMTENEN UM AUCTPUOBIOTOPOB
C LeJTbI0 06ecIieue st BLICOKOTO KaueCTBa MPOAYKLMH IJIs TIOTpe6uTesnei
[1]. MTreHnYHas MykKa IIMPOKO UCHONb3YyeTCs AJ1s1 IPOMU3BOACTBA pasyny-
HBIX BIJIOB X/1€600Y/IOUHBIX, KOHAUTEPCKIX Y MAaKapOHHBIX M3ZeNNii.

V3yyeHne xye60MEKAPHBIX CBOJCTB IIIEHWYHON MYyKM IO3BOJISI-
eT OIepaTVBHO BBISBIATH ee IieJleBoe HasHaueHyue M B Olpefe/eHHON
CTereHM MPOTHO3MPOBATH KAUECTBO X/1e600YIOUHBIX M3mennii. Xnebo-
IeKapHble CBOVICTBA IIIEHMYHON MYKM OIpeessioTcs CIeAyIIMMMI
[T0Ka3aTelsIMU: KOJIMYECTBO M CBOJCTBA KJIEVKOBMHBI, UMC/IO TMaJeHUs
" «cuyia» Myku. «Cuja» MyKM — 9TO CITOCOGHOCTb MYKM 06pa30BbIBAThH
TecTo, obnajamllee IOCIe 3aMeca ¥ B XOIe OPOKeHMS M DPacCTOMKM
onpeJielleHHbIMM CTPYKTYPHO-MeXaHN4eCK/MY CBOJCTBaMu [2].

Cy1iecTBYyeT psii METOLOB M IIPMGOPOB, C TOMOLIBI0 KOTOPBIX M3yUYaioT
CBOJICTBA MIIIEHNYHOI MyKM, B TOM UMCIIe U «CUTy» MyKU. Cpeay Takux
npubopoB Bbigensior ®apuHorpad (Brabender, Tepmanust) u AnbBeo-
rpad (Chopin, ®pantys). [I1s1 KOHTPOJIS TTOKAa3aTes el TeXHOIOTUUECKIX
CBOJICTB 3epHa ¥ IIPOSYKTOB ero repepaboTKy JaHHBIMU METOLAaMMU Tpe-
6yeTcst MHOTO BpeMeHU 1 GOJbIII0e KOJTMUECTBO XMMUYECKUX PEAKTUBOB;
KpOMe TOT'0, BO3MOKHOCTb BBISIBIEHMS 3TUX II0Ka3aTeseil B pexxyume pe-
JIBHOTO BpeMeHM OTCYTCTBYeT [3].

B coBpeMeHHBIX YCIOBUSIX HA MPEANPUSITUSIX HEOOXOOMMO YCTaHAB-
JIMBATh IIOKa3aTesIy TeEXHOJIOTMUeCKMX CBOVICTB, OTBevalolle 3a ONpefe-
JIeHye JajabHeNIIero Ha3HaueHusl MIIeHNIHOM MYyKU, Ha MecTe (in situ)
U B PeXXMIMe peaJbHOro BpeMeHM. JI71s1 peanynsanyy 5TO 3afauy pyMe-
HSIIOT GECKOHTAKTHbBIE M Hepa3pyLIaoliye MeTOIbl KOHTPOJISI. TeXHOIo-
rMYecKye XapaKTePUCTUKU 0OBEKTOB BO3MOKHO M3y4yaTb U aHaIU3UPO-
BaTh 6Ge3 pa3pyLIaloNiero BO3AeiCTBMS C TOMOLIBI0 TAKMX TEXHONOTMIA,
KaK 371eKTPOHHBI I71a3 WiIM KOMIIbIoTepHOe 3peHMue [4]. Cpeay Hepaspy-
[AIMIMX CIOCOG0B UCCTeNOBAHMS CeTbCKOXO3SIICTBEHHOM MTPONYKIVIN
Bce 6osee aKTyaJbHBIMU CTAHOBSITCSI CIIEKTPOCKONMYECKME MeTO[bI,
Britouast UV-VIS-NIR cniekTpockonuio [5].

Vcnonb3oBanne noprarusHoro UV-VIS-NIR criekrpomeTpa 1jis1 aHa-
JIM3a TeXHOJIOTMUeCKMX XapaKTePUCTUK U OLIeHKM KauecTBa CelbCKOXO-
3STICTBEHHOM TPOAYKIMM paHee GbUIO PacCMOTpeHO B paborax [6-8].
B Hacrosiee BpeMst GvoKHSIS MH(paKpacHasl CIIeKTPOCKOINS IIMPOKO
MIPMMEHSIeTCS IS OIIpeiesieHNs] coiepyKanmsl 6erka, K/IeiiKOBMHBI, BJIaru
B cocTtaBe 3epHa [9]. [Ipy aToM JaHHbIe 3aperncTpypoBaHHbIX UV-VIS-NIR
CIIEKTPOB BO3MOXKHO 3a/leliCTBOBATh JJISI pacyeTa KOJOPMMETPUYECKMUX
rokasareseil M1MIeBbIX MPORYyKTOB. Vicrionb3oBaHme gaHHbix UV-VIS-NIR
CIeKTPOB AJIS1 pacyeTa KOOPAVHAT LiBeTa B KOOPYMeTPUYeCKMX CUCTeMax
npoaHaa3upoBaHo B pabore [10]. B mccnenosanmsix [10,11] mpumeHeH
KOJIOPMMEeTPUUEeCKUIi aHaNnn3 AJIs1 OLIeHKM BO3MOYKHOCTY MCIIO/Ib30BaHMS
JTaHHOTO METOfa MPyY KOHTPOJIe KauyeCTBa MYKM V3 MaHMOKM U IIIeHNY-
HOJi MyK/ COOTBETCTBEHHO. B TaHHO# paboTe M3y4eHsb! [[BETOBbIE XapaK-
TePUCTUKY 06Pa3LOB MIIeHUIHO MyKM, PA3IMYAIOIINXCS TT0 TEXHOIOT M-
YeCKMM CBOJCTBaM, ISl TPafaLmMy 06pa3iioB Ha IPYIIITbl KAUeCTBa.

UV-VIS-NIR criekTpbl MHO)XeCTBa 00pa3iioB MIIEHNYHON MYKU CUM-
TAlOTCS MHOTOMEPHBIMU JTaHHBIMM, [TI03TOMY IJISI MX aHajau3a MCIOMNb-
3YIOT MHOrOMepHble MeTofbl. OCHOBHOe Ha3HaueHMe 3TUX MEeTOLOB —
MOCTpOeHMe KiIaccuDUKALMOHHBIX M TPAaZyUpPOBOYHBIX Mogeneit [12].
B pa6ore [13] nmpuMeHsUIM MeTObI MHOTOMEPHOTO aHaIM3a B COUeTaHUY
¢ paHHbIMM NIR-cIeKTpoB [l MIPOrHO3MPOBAaHMS 3HAYeHMII IMOKasa-
TeJseil CBOVCTB, TIOJMIYYEHHBIX ¢ MOMOIIbI0 hapuHorpada u nmapameTpon
akcTeHcurpada. B Hacrosiem umccremoBaHMM IpeJjiaraeTcst Ipyroi

MeTOAMYECKNII TOAXOoH, — He MPOrHO3MpOBaHMe OTAeIbHBIX IOKa3aTe-
JIeli TeXHOJIOTMYeCKMX CBOJCTB COYeTaHMeM MeTOLOB CIeKTPOCKOIMMU
¥ MHOTOMEPHOTO aHalIu3a, a rpafanysi 06pasioB MIIeHNYHO! MyKyU Ha
TPYIIIBI 10 TEXHOJIOTMYECKMM CBOVICTBaM COYeTaHMEM MeTO[0B CIIeKT-
POCKOIIMM ¥ MHOTOMEDPHOTO aHauyu3a. JTa I'MIIoTe3a OOyClI0BIeHa TeM,
uyto B UV-VIS-NIR criekTpax 06pasioB MIIEHNYHOV MYKM MMEIOTCS 0-
JIOCBI TTOIVIONEHMSI, COOTBETCTBYIOIIYE QYyHKIVOHAIBHBIM I'PYIIIIaM KOM-
ITOHEHTOB XVMMMYECKOT0 COCTaBa ¥ pasinyalolyecs 1o MHTeHCUBHOCTY
T10J10C TTOIVIOLIeHMs], UTO OIpesessieT, Ha Halll B3NS, pajaliuio oopas-
IIOB Ha I'PYIIIBI 10 TEXHOJIOTMYECKUM CBOJICTBaAM.

ITpumenenne nopratuBHbix UV-VIS-NIR criekTpomeTpoB u MOCTPO-
eHMe Ha UX OCHOBe Ki1accu(MKAIVMOHHBIX MOJeNeii MeTOAaMy MHOTO-
MepHOro aHa/lu3a MO03BOINUT CYIeCTBEHHO COKPATUTh BpeMsl IPOTHO3MU-
pOBaHUSI TEXHOJIOTMYECKMUX CBOJMCTB M OIpefeeHus] IPYIIbl KayecTBa.
[Ipy HempepbIBHOM KOHTpPOJIe Ha IPOM3BOJCTBE BbISB/IEHME TPYIIIIbI
MIIeHNYHOV MYKM 10 TEXHOIOTMYEeCKMM CBOMCTBAM BO3MOXKHO B PEXMI-
Me peasbHOTO BpeMeHM, UTO SIBJISIeTCS] TPeUMYIeCTBOM B YCJIOBUSIX He-
NIPepBIBHOTO LIMKJIA MPOMU3BOACTBA IIPOAYKTA.

Llesbio paboTHI SIBJISIETCS pa3paboTKa METOAMUECKOTO MTOX0/a K rpa-
Januy 06pasLoB MIIeHNYHOM MyKY Ha IPYIIIbI KauecTBa, pa3anyarony-
ecs1 10 TeXHOJIOTMYeCKMM CBOiCTBaMm, couetTaHneMm MeTonoB UV-VIS-NIR
CIeKTPOCKOMNMM ¥ MHOTOMEPHOTO aHajIu3a.

2. OG'BEKTHI M METOABI

B kauecTBe 06beKTOB McciaenoBanus Bbiopansr 68 UV-VIS-NIR criek-
TPOB MIIEHNYHO XJ1e6OTeKapHO MyKy BBICLUIETO COPTA, PA3IMYAIOLIN-
€csl TI0 TEXHOJIOTMYEeCKMM CBOICTBAaM. B COOTBETCTBUM C METOLOIOTMEN
MMOCTPOeHMSsT Ki1acCu(UKaOHHOM Mopean GopMUPYIOTCS 1Be BBIOGOPKIA:
obyuvaroiasi, Heo6xofymast Ijisi TIOCTPOEHUST KaJIMOPOBOYHOI MOZENH,
u TecToBast — sl Bepudukauyy monenu [14]. B Hamem ncciemoBaHnmn
B 06Y4YaIoIlyl0 BEIGOPKY U3 68 CIIEKTPOB BKIIOYEHbI 62 CIEKTPa, a B Te-
CTOBYIO — 6 CIIEKTPOB.

3HaueHMs] TIOKasaTejeil TEeXHOJOTMYECKMX CBOWCTB 06pasiioB
MIIeHNYHOV MYyKH, TpezncraBieHHble B Tabmuie 1, GbUIM TOTyYEHBI
B Llentpe peonoruu nuiieBbix cpen ®TAHY HUU xne6omnekapHOii mpo-
MbIIZIEHHOCTU. KomnuecTBO M KauyecTBO KJIEMKOBMHBI  OIPEAENSIN
no I'OCT 27839-2013' na nmpubope UIK-3M, a uncio nageHus: — 1o
T'OCT 27676-88% Ha ripmbope ITYII-5. 3HaueHns rmokasaTesieii peoyoru-
YeCcKMX CBOJICTB 06PasIoB MUIIEHUYHO MYKU BBISBISUINCH B COOTBETCT-
Buu ¢ 'OCT ISO 5530-1-2013% na dapunorpade Farinograph (dpupma
Brabender, Tepmanmust). MeToguKa ¥ TeXHOIOTYSI OIIpeeeH s TeXHOJIO-
IMYECKNX CBOVICTB GyIeT MpecTaBieHa B OTAeIbHOM UCC/IeIOBaHNM.

MeTozmamy MHOTOMEDPHOIO aHaiu3a [8] poBeseHa Ipolenypa rpajia-
UMy 06pasloB MIIEHUYHO X1e60MeKapHoii MyKH, a Takke (opMuUpoBa-
HMSI TPYIIN KayecTBa IO ITOKa3aTessiM TEXHOMIOTMYeCKMX CBOVCTB. B pe-
3yJIbTaTe BbIZEIEHBI TPU TPYIIIIbI: IIepBast TPYIina — 00pasiibl MIIEHUYHO
MYKM C XOPOLIMMM X/Ie60IeKapHbIMIU CBOCTBaMM, BTOPas IPyIINa — C Io-
HIDKEHHBIMY X/1e60TIeKapHbIMM CBOMCTBAMMY, TPETbSI IPYIINA — C HU3KUMU
xJy1eb6orneKapHbIMH CBovicTBaMu. CpeqHe 3HAUEHNS TEXHOIOTUYECKUX 110~
Kasaresieit 06pas1ioB MCCIenoBaHus IIpencTasieHbl B Tabmuie 1.

! TOCT 27839-2013 «Myka mmeHndHasi. MeTOmbl ONpenenenys KOIM4ecTBa
¥ KauecTBa KJIeiiKoBUHbI». — MockBa.: CtangaptuHdopm, 2023. — 22 c.

2 TOCT 27676-88 «3epHO 1 POAYKTHI €ro mepepaboTky. MeTos onpeeeHms
yucia nageHus». — Mocksa.: CtrangaptuHgopm, 2023. — 5 c.

5 TOCT ISO 5530-1-2013 «Myka mmeHu4Has. ®u3ndyecKkue XapaKTePUCTUKN
Tecta. Yactp 1. OnpesesieHre BOIOTIOIIONEHNS ¥ PEOTIOTMYECKMX CBOVICTB C MpH-
MeHeHMeM dapuHorpadar. — MuHck.: CtangaptuHdopm, 2016. — 16 c.

Ta6nmuua 1. CpegHyue 3HaYEHMSI TEXHOJIOTMYECKHUX MMOKa3aTeseil NIIeHNYHO MyKM 110 TPeM IpyniaM KayecTsa
C Y4€TOM CTaHIAPTHOJ OLINOKYU BBIOOPKYU CPEJICTB
Table 1. Mean values of technological indicators of wheat flour by three quality groups with account for the standard error

Homepa criekTpoB 06pasios
MIIeHNYHOM MYKU

ITokasaTenn
«Yucno nagenus» (UII), ¢
KonunuecTtBo kieitkoBuHbI (GKI), %
KauecTBo KkneiikoBuHbI, ex,. UIK
Bononornomenne myku (V) Ha 500 ED, %
Bpems o6pa3oBaHus Tecta (a), MUH
Veroitunpocts Tecta (b), MUH
PasxikeHne tecta yepes 10 MUHYT Iocie Havasa TectupoBanms (d1)
PassankeHne TecTa yepe3 12 MUHYT Iocjie BpeMeHy pasBuTust (d2)
Uucno kavectBa, YK

rpynna 1 rpynna 2 rpynima 3
37-42, 49, 50, 53-56, 35, 36,45-48, 51, 52, 1-34, 43, 44, 57, 58,
65, 66 59-62, 67, 68 63, 64
CpepHue 3HaYeHMsI 110 TPyNIIaM
365+13,89 300+15,61 355+11,37
28,7%0,18 28,0+0,42 26+0,39
62+3,10 62+3,61 51£2,61
58%0,20 61+1,24 59+0,51
7,2%2,15 5,1£0,99 2%0,21
17,9+0,43 11,6+0,94 9+1,24
8+4,61 49+3,92 51£3,92
8+2,67 24+3,37 43+3,73
194+3,31 106%6,60 53+1,32
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V3mepenue UV-VIS-NIR criekTpoB guddy3HOro oTpaskeHust mpo-
BeleHO Ha mopraTuMBHOM crnekTpoMmeTpe ASD TerraSpec® 4 Hi-Res
B quarmasoHe 350-2500 HM. DTOT MOPTATUBHBIA MPUGOP MMEET Maccy
5,44 kr. CiexTpanbHOe pa3pelieHnye npubopa B guamnasoHe 10 1000 HM
cocrasisieT 3 HM 1 6 HM — B nuamnasone ot 1000 go 2500 HM. Anieptypa
JccaenyeMoro yyactka — 12 MM. B kauecTBe MCTOYHMKA CBETA MCIIOIb-
3yeTcs raysoreHHas samma (# 8106—-002, Welch Allyn, CIIIA). Vipasie-
HJEe CIIeKTPOMETPOM IPOBOIMUTCS C IMTOMOIIbI0 mporpaMmbl RS® (ASD
Inc., CIIIA), ycTaHOBIEHHO} Ha MOPTaTMBHOM KOMIIbIOTEpe — HOYT-
6yke ThinkPad X201 (Lenovo, Kurait). cronb30oBaHKe MOPTATUBHOTO
CIeKTpOMEeTpa MMeeT psiJ MpPeuMyllecTB: M3MepeHne aubdysHOro
OTpakeHMsI MOXXHO IPOBOIUTH in Situ, 6e3 IPO6OIIOATOTOBKY; TIPU 13-
MepeHUY CIEeKTPOB MPUMeHsieTCs Tpoba 60mbIIoro 06beMa M Macchl,
YTO IOBBIIIAET JOCTOBEPHOCTDh M peIpe3eHTaTUBHOCTb Pe3yIbTaTOB;
couetanne Buaumoro (VIS) u 6mmskHero nudpakpacHoro (NIR) qmuarmna-
30HOB I103BOJISIET, C OAHOJ CTOPOHBI, onpenenuTsb no VIS-nuanasony
LIBETOBbIE XapaKTePUCTUKM U LIEHTPBI OKPACKM MPUPOIHBIX MUTMEH-
TOB, C Apyroit — uaeHtuduumponats no NIR-guamnaszony ¢yHKuyo-
HaJIbHble TPYIIbl KOMIIOHEHTOB XMMMUYECKOTO COCTaBa IIIEHUYHON
MYKU.

ITo Bumumomy nuanaszony UV-VIS-NIR cnekrpa auddysHoro orpa-
SKeHVS TIPOVM3BeZleH pacyeT (IIpyM COOGMIONeHMM CIeAyIOUIVX CTaHIApT-
HbIX YCJIOBMIA: MsMepeHue/Habmonenue d/8° npu mucrounmke cera D,
M KOJIOpMMeTpuYeckoM Habmopatene 10°) KoopAMHAT IjBeTa B KOJIO-
pumetpuueckoit cucreme MKO L*a*b*: L* — cBemioTa; +a* — KpacHbIit,
-a* — 3ejeHblit; +b* — KenThIit, -b* — cuHMit. C — HaChIILEHHOCTD LIBETA,
H — uBeroBoii ToH [15].

Ilns mpuMeHeHMs MHOTOMEPHBIX MeTO[OB IIPOBOAM/INM IpeABapu-
TeNbHYI0 00pa6oTky UV-VIS-NIR criekTpoB aydbdy3HOTO OTpaskeHust
B nporpaMMHOM nakete Unscrambler (ver. 10.0.4, Camo Software, Hop-
Berusi). [IpenBapuTenbHas 06pab6oTKa BKIIOUana CIeAYIONe STallbl:
KOppeKUys MYIbTUIUIMKaTUBHOrO paccessuus (MSC), nmpouenypa cria-
SKMBAHMS CIIEKTPOB METOA0M CITIaKeHHOI cKonb3s1eit cpefHeii (Moving
Average) 1 nipeo6pasoBanye K03pduiyeHToB AUGHY3HOTO OTPaAKEHMUS
(R) B K03 Gu1IeHTDI MOIIOIEHNS IIVH BOJH CIIeKTpa Mo GyHKIuY A =

3. Pe3ynbTaThl M 00CYKAEeHUE
Anamns UV-VIS-NIR criekTpoB 06pa3iioB MMIIEHUYHON MYKMU BBIION-

HeH B HeCKOJIbKO 3TalloB:

O mo Bugmmomy auanasony (380—750 HM) crieKTpa mpou3BeeH pacyer
KOOpIMHAT LiBeTa B KoJopumeTpuueckoii cucreme MKO L*a*b* mist
006pasLoB MIIeHNYHOI MYKM U3 TPeX IPYIII, Pa3INYaIoIMXCS [0 TeX-
HOJIOTMYEeCKMUM CBOJCTBAM;

U mo UV-VIS-NIR crmekTpy BbISIBJIeH IlepeueHb I0JI0C MOIIOLEHNMS,
MIPUITUCHIBAEMBIX (YHKLIMOHATBHBIM T'PYIIIAM KOMIIOHEHTOB COCTa-
Ba MIIEHNYHOI MyKM, M METOJIOM ITIaBHBIX KOMIIOHEHT OIIpefe/leHbl
I0JI0CHI TIOMIOIIEHVS], BHOCSIIME HauOONMbLIMIA BKIAZ B IPajaluio
06pasLoB Ha IPYIIIIHI;

U MeTOmOM IMCKPMMMHAHTHOTO aHalu3a MOCTPOEHbI KiaccubuKalm-
OHHbIe MOZeN rpajauyy o6pasoB MIIEHUYHO) MyKM Ha TPYIIIBI,
pasaMyaroNyecs 110 TEXHOJIOIMYeCKMM CBOJICTBAM, M IPOBeJeHa Be-
pudmKaIMs OTHO 13 MOZesIelt TI0 TECTOBOII BBIGOPKE 06PasIioB.

3.1. I]leemossle xapakmepucmuxku NUEeHUYHOU MyKU

ComepskaHue ¥ CTPyKTypa 6eska (KayecTBO KJIEKOBMHBI), a Tak-
Ke LIBeT IMIIeHWYHON MYKM — Hambosee IleHHbIe TI0Ka3aTeau CBOWCTB
IJIST TIMIIEBOV MPOMBIIIEHHOCTU U [JI TADAaHTUM KaueCcTBAa KOHEUHbIX
MpOAYKTOB [16]. MaTpuiia 3HaYeHMit KoopAauHAT 1BeTa L*a*b* obpas-
LIOB MIIEHNYHOI MyKM 06paboTaHa MEeTOLOM IVIaBHBIX KOMITOHEHT. [IBe
IIaBHbIe KOMITOHEHTBI OOBSICHSIOT 99,9% 10 obmeit aucrepcun (71%
u 29% cootBeTcTBeHHO). [To 1 TK MakcumanbHOe 3HaueHMe GakTOPHOI
Harpysku, pasaoe 0,96, uMeeT KOOpAMHATA CBETIOTHI L¥, a HanOObIINiA
nokasaresnb 1o 2 'K, paBHb1ii 0,96, pucyIi KOOpAVHATE KEJITU3HBI b*.
KooppuHaTa KpacHOTHI a* MMeeT caMble HU3KMe 3HaueHust (PakTOPHBIX
Harpy3ok 1o 1 u 2 I'K. i3BecTHO [17], UTO 3HaYeHMe CBETIOTHI MTILIeHNY-
HOJI MYKM OIIpefiesisieTcsl TBEPAOCThIO 3epeH M pa3MepoM 4acTHull Miile-
HUYHOM MYKH, a KeJITU3HA — COJlepyKaHVeM IPUPOSHBIX TUTMEHTOB.

Ta6nuia 2. KoopayHaThl BeTa 06pasiuoB MIEeHUYHON MYKIU
110 rpynmnam
Table 2. Coordinates of the color of the wheat flour samples by groups

log(1/R). IIpodunn UV-VIS-NIR crieKTpoB momioneHus: 06pasiioB Iiie- Homep  3uaueHue Koopamuarsr npera
HUYHOM MYyKU IOC/Ie TpeBapUTeNbHON 06paboTKM IpPeACTaBlIeHbl Ha Ipymmbl  IOKasaTe/Is L* a* b* C H
Pucynke 1. . Ipynnma 1 Makcumym 96,1 0,77 12,78 12,8 87,8
s pa3?a60TKM KiIaccuGUKaMOHHOM MOoenu rpafaiuu 06pasios Y I—— 92,4 0,41 9,39 9,4 86,3
IMIIEHNYHOM MYKM Ha TPYIIITbI KAUECTBa MCIT0/Ib30BaHbl CIeAyIOLIe Me-
TOmBI KIaccupUKALMY B TpOrpaMMHOM akere Unscrambler (ver. 10.0.4, Cpenpee 94,5 0,52 11,07 11,1 87,3
Camo Software’ HOpBeF]/IH): I'pynna 2 Makcumym 95,8 0,83 10,75 10,7 88,2
U meton rnaBHbIX KoMIoHeHT (MI'K): anroputm — NIPALS (HenuHeii- MUHUMYM 91,98 0,32 9,32 9,3 85,5
HO€e MTepalMOHHOE IIPOEKTMPOBaHME IIPpU IOMOIIM Yepenyrmmnx CpenHee 94,8 0,47 10,06 10,1 87,3
HaMMEHBIIMX KBaZPaTOB), METOJ, TPOBEPKY — TIOJIHAs TIepeKpecTHast Tpynma3  Maxcumym 96,2 0,53 11,06 11,1 88.1
KpOCC-Ba/IMAaIns;
O coueraHyue MeTONA IMTABHBIX KOMIIOHEHT U JIMHEIHOTO AVCKPUMU- Munumym 90,5 0,33 8,48 8,5 86,6
HaHTHOTO aHa/m3a (PCA-LDA). Cpennee 94,6 0,45 9,66 9,7 87,3
0.7 4
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Pucynox 1. IIpoduam UV-VIS-NIR crieKTpoB 06pasioB MIIEHNYHOI MYKM IOC/Ie IPeABaPUTETbHO 06Pa6oTKM.
ITos105KeHMe MOJIOC MOTIONIEHMSI CTIEKTPA, MPUIMChIBaeMbIX (PyHKIMOHATbHBIM IPYIIIIaM KOMIIOHEHT COCTaBa
nmueHnyHoi myku. Ilogpo6uee — cm. TaGanity 3
Figure 1. Profiles of UV-VIS-NIR spectra of the wheat flour samples after the preliminary treatment. The location of the absorption bands
of the spectrum assigned to the functional groups of the composition components of wheat flour. See Table 3 for further details
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B Ta6nuiie 2 rpejicTaBieHbl KOOPAMHATHI 1[BeTa 06pasiioB U3 TPex
rpynn B Konopumerpudeckoit cucreme MKO L*a*b*. TTo okpacke o6pas-
LIbI M3 TpeX I'PYII, Pa3fiesleHHbIe 110 TeXHOIOTMYeCKMM CBOMCTBaM, pas-
JIMYAIOTCS CIeAYIOUM 06pa3oM: 110 3HAUEHMIO CBETIOThI L* 1 11BeTOBO-
ro ToHa H mpakTuyecku He pa3InyaroTcs, 10 KpacHoTe a* — oueHb c1abo,
a 1o xkentusHe b* u HackieHHOCTH 1BeTa C — c1a60 pasInumMMbl.

DaBOHOMUIBI M KpacHOBaThie (1aboBeHbI, B OCHOBHOM IIPUCYTCTBY-
I01lMe BO BHEIIIHEM CJI0e 3epHa, KaK M KapOTMHOMbI, KOTOPbIe OTBEYaloT
3a LIBeT 3epHa, HaxomsTcs B dHxocnepme [18]. HakorieHne KapoTHUHO-
VUIOB B 3HIOCIIEPMe, 06/MafalolX aHTMOKCUIAHTHBIMMU CBOJICTBaMM,
omnpefensieT XenTblit 1BeT 3epHa [19]. CornacHo MccieqoBaHUSIM B3a-
MMOCBSI3M IIPMPOAHBIX MMUITMEHTOB ¥ OKPaCKy 3/1aKOB U MX IPOJSYKTOB,
KOOPJMHATA JKeJITU3HbI b* B3aMOCBsI3aHa € COepPsKaHMeM TPUPOIHbBIX
MMMIMEHTOB — JloTerHa U Gera-kapotuna [20]. Cpeny KapoTMHOUIOB
VIMEHHO JI0TeNH U 6eTa-KapoTMH SIBJISIIOTCS OCHOBHBIMM KOMITOHEHTa-
MU, GOPMUPYIOMIMMM KEIThI OTTEHOK 3epHa MIeHuIbl. Eciv cpaBHUTD
cpenHyue 3HaUeHMs TPeX IPYNIT 06pasLioB IO JKENTH3HE, TO 06pa3Libl
1epBOJi IPYIIIIBI KeITee [0 CPABHEHMIO € 06pa3LaMy BTOPOIi U TpeTheit
rpyni (11,07 npotus 9,66—10,06). MO>KHO TTPEATIONOKNATD, YTO 0OPA3IIbI
M3 TIepBOIi TPYIIbI, 06IaaKoLie Cpeay TPex TPYIIT JYYIIMMU Xyie6o-
IeKapHbIMM CBOJICTBAMM M MMelollyie He3HaUUTelbHOe MTPEeBOCXOJCTBO
10 3HAYEHMSIM KOOPAMHAT JKeJITU3HbI b* c/ieoBaTenbHO, MUMEIOT B CBO-
eM cocraBe Gosbllee cofepkaHue Kpacsiyx MUIMEHTOB — JIIoTenHa
u 6eTa-KapoTMHA.

3.2. ITocmpoeHue kaaccupukayuoHHoti modesiu 00pasyos
nweHuuHotli myku no danHsim UV-VIS-NIR cnekmpos

MemoooM 2/1a8HbIX KOMNOHEHM

ITo pesynpraTtam usmepeHus UV-VIS-NIR crnekTpoB MiI€eHUYHON!
MYKM, Pa3/IMYaioueiics Mo TeEXHOJIOTMYEeCKMM CBOIICTBAM Ha TPU TPYII-
TbI, HOCTPOEHBI 1B MaTPMUIIbl JAHHBIX Ha obyyaromieii (X,) u TeCToBO
(X,) BI6OpKax: X, pasMepHOCTbIO 62 x 2151 (62 — xonuuectso UV-VIS-
NIR crexTpoB, 2151 — oTcueTsbl Ha JJIMHAX BOAH) U X, pPa3MepHOCTbIO
6x2151 (6 — kommuectBo UV-VIS-NIR criektpoB, 2151 — oTcueTs Ha
IJIMHAX BOJIH).

MeTozoM I71aBHBIX KOMIIOHEHT MaTpuua X, peo6pa3oBaHa B IPOU3-
BezleHye ABYX MaTpul: T — MaTpuily CYeTOB (SCores) KOODAMHAT CIIeK-
TpoB 06pa3noB u P — marpuny dakropHeix Harpysok (loadings) mauH
BOJIH cIteKTpa. Yncio cronbios B matpuuax T u P, paBHOe A, Ha3bIBalOT
uncaom 1aBHbIX KOMIOHeHT ([K). Vi3 maTpuubl X, BbIIe/IeHbl YeTbipe
I7IaBHbIe KOMIIOHEHTHI (A = 4), BKIa[ KOTOPbIX B OOBSICHUMYIO AMCITIEP-
cuio cocrasisieT 97,49% (69,58; 16,53; 8,98 u 2,40% COOTBETCTBEHHO).

OpHOVt U3 3amau MCCIeNOBATeIbCKOTO aHalINM3a JAaHHBIX SIBJISIET-
cs1 oGHApyskeHYe BBIOPOCOB M UX yhaajaeHue 13 obydarouieil BBI60PKM.
Ha PucyHke 2 mpefcrasiieH rpaduxk, Ha KOTOPOM IT0 ocy abeiycc ykasa-
Hbl 3HaueHns1 cratuctuky Hotelling’s T2, a 1o ocu opguHAT — 3HaUeHNe
F-Residuals. [Ijis1 Bcex CrieKTpoB 06pasiioB, MMOJYUYEHHbBIX MIPU aHAIU3e
MeTOJOM IJIaBHBIX KOMIIOHEHT, craTtuctuka Hotelling’s T? omuceiBaer
paccTosiHMe 10 MOZeNN, OXBaTbhlBaeMOe IMIaBHbIMM KOMIIOHEHTaMMU,
a TakKe MOKa3bIBaeT KPUTUUECKUI TIpe/iesi, CBSI3aHHbIN CO CTATUCTHU-
YeCcKUM JOBepUTEeTbHBIM MHTepBasioM. 13 manHoro PucyHka BuAHO,
YTO TISITh CIIEKTPOB 06Pa31l0B HAXOASITCS 3a IpefeaMy KPUTUIECKUX
3HaueHni cratuctuky Hotelling’s T2. 9To 03HaYaeT, UTO JaHHbIE CITEK-
TPBI 06PaA3I[0B OTHOCSITCS K BIGPOCAM, B CBSI3U C YeM OHM ObUIM yaa-
JieHbl 13 obyuaromeii BpI6OpKM Marpunbl X, s JanbHejilero aHa-
JM3a IIPY VCKIIOYEHMN TISATY CIIEKTPOB U3 MaTpuibl X, MCIOIb30BaHa
marpuna X, .

Influence

0,001 A

°
.

Lim: 0,00107)

F-Residuals (Cal)(PC-5, FRes

-5 0 5 10 15 20 25 30 35 40
Hotelling's T? (PC-5, HotT?Lim: 12.92246)

PucyHok 2. PacniosioxkeHue TO4eK, COOTBETCTBYIOIIee
CIIeKTpaM 06pasioB, B KOOPAMHATAX JBYX OCeii: 3SHaUeHUT

cratuctuku Hotelling’s T? u F-Residuals
Figure 2. Location of points corresponding to the spectra of the samples in
coordinates of two axes: values of Hotelling’s T? and F-Residuals statistics

Ha Pucynkax 3a u 36 npejcTaBieHO pacolokeHye ToOYeK, COOTBET-
CTBYIOILIMX CITIEKTPAM 00pa3LioB M3 pasHbIX Py, B KoopamHaTtax 1-2 I'K
u 2-3 I'K coorBercTBeHHO. Ha PucyHkax 4a-4r npuBefeHbl 3HAYEHMS
(haKkTOPHBIX HATPY30K IJIMH BOJIH CIIEKTPA MOIJIOIIEeHMsT 00pa31ioB s 1,
2,3u4TK.

Ta6nuua 3. IlonokeHue MoJIoC MOTIONIeHNST CIIeKTpa,
NPUNMChIBaeMbIX (PYHKIMOHAIBHBIM IPYIIIIaM KOMIIOHEHTOB
CcOCTaBa MIIEHNYHOJ MyKM
Table 3. Location of absorption bands of the spectrum assigned to the
functional groups of the composition components of wheat flour

Q.)
§ g DyHKIMOHAIbHAS IPynma KommnioHeHT E
ek E
396 BanenrHsle kone6anus O-H Kapotunonpgpr [18,21,22]
482 Banenrubie kone6anus O-H Kaporunonasr  [23,24]
910 N3ru6 cesisu O-H Kpaxman [25]
998 U3ru6 cesizu O-H Kpaxman [25,26]
1197 Bropoit o6epTon CH, cBsisu Jinnuppel [27,28]
1363 Bropoit 06Ce_pITIoC}]13 ;II/ISSECT}I)KGHI/IG Tumuast [15]
1454 HEPB”‘Z{OJ‘:S;E;% BAIEHTHEIX Kpaxman  [6,25,26]
1576 N-H 1 N-O cBsi3u Benox [29]
TTepBbiit 06epToH C—H pacTsaruBaoImmx
102 menonolt (-CHiy wotemanonosi T [30,31]
(-CH-CH-) rpynn
i7rg PR BPTORCDODIONNY iz (30
1932 U3ru6 cesizu O-H Bopa [26,32,33]
Komb6uHanys fedopMaliyioHHbIX
2097 kone6annit O—H 1 BalmeHTHBIX Kpaxman [6,34]
Kone6aumit C-O
2286 BanentHsle konebanust C=0 Jinnuppel [31]
Bropoit 06epToH AedopMaMOHHbIX
2318 konebaunii C—H, nedopmainoHHbie Jiunupapl [6,31,34]

koneb6anus CH,

WnTtepnpetanus 1, 2, 3 u 4 'K npoBeneHa 1o 3Haky (+/-) ¥ 10 MaKCu-
MaJbHOMY 3HAaYeHMIO0 (PaKTOPHBIX HAIPY30K JIMH BOJH CIIEKTPa, COOT-
BeTCTBYIOIIMX (PYHKUMOHAIBHBIM IPYIIIaM KOMIIOHEHTOB COCTaBa IIlle-
HM4HOI Myku (Tabnuua 3).

ITo 1 I'K co 3HaKoM (+/-) hakTOpHbIe HATPY3KM CIIEKTPA Pa3gessiioTCst
Ha [IBa IMara3oHa: co 3HaKoM (+) — BuaMMasi 06/1acTh, a CO 3HAKOM (—) —
GIVDKHSIST MH(PaKpacHast 06/1acTh.

ITo 2 TK co 3HaKoM (+) 1 110 3HaueHMI0 (HaKTOPHBIX HArPy30K JJINH
BOJIH CITEKTPA BBIAE/SIIOT QYHKLMOHAIbHbBIE TPYIIIbI, KOTOPbIE TPUICHI-
BatoT aunugam (2286, 1702 HM), a Takke KOMOMHaUMUK AedOpPMAaIVIOH-
HbIx Konebannit O—H u BayseHTHbIX Koneb6aHmit C—O, UTO COOTBETCTBY-
eT kpaxmainy (2097 um). OTHocuTenbHO ['K co 3HaKOM (—), BBIAEISIIOTCS
(byHKI[MOHAIbHBIE TPYIIBI IpU 3HaUeHusx 1932, 1454 u 482 HM, KOTO-
pble COOTBETCTBYIOT MOJIEKY/ISIPHOI BOZe, MepBOMYy OOepPTOHY BaseHT-
HBIX Kone6anmit O—H 1 KapOTMHONMIAM COOTBETCTBEHHO.

ITo 3 TK co 3HaKOM (+) ¥ 110 3HaUeHMI0 (HaKTOPHBIX HATPY30K IJINH
BOJIH CIIEKTPA BBIOENSIOTCS (YHKIMOHANbHbIe rpymmbl npu 1932, 910
1 998 HM, IPUITMChIBaEMbIE MOJIEKY/ISIPHOI Bozie U u3rnbam OH-cBs3eit
IPYIIT KpaxMasa, a co 3HakoM (—) — mpu 482, 1576 u 1778 um, npumnu-
ChIBaeMble KapOTMHOMIAM, TepBOMY 06epTOHY pacTsskenust N—H cBsizeit
M IMNINUJAM COOTBETCTBEHHO.

Mo 4 TK co 3HaKOM (+) BBIAEISIOTCS (DYHKUMOHAIbHBIE TPYIIIbI TIPU
1702, 1778 u 1363 HM, KOTOpble MPUNMCHIBAIOT JUMNIAM, & CO 3HAKOM
(=) — rpynmbl npu 3HaueHusIx 482 u 2097 HM, KOTOpbIe OTHOCSITCSI K Ka-
pPOTMHOMIAM U KPaxMasly COOTBETCTBEHHO.

MHoromepHast rpajgauusi o6paslioB IIpoBeleHa I10 KOOpAMHATaM
06pa3s1ioB IMIaBHbIX KoMIIOHeHT. O6pasiipbl 1o 1 'K pasmensorcs Ha TeM-
HbIe CO 3HAKOM (+) 1 Ha GoJiee cBeT/Ible CO 3HAKOM (—). [IefiCTBUTENBHO,
ey CPaBHUTH 3HAUYEHNS] KOOPAMHAT IBeTa 06paslioB, MMeIX 3HaK
(+) mo 1 TK (Tabnuua 4), co cpefHUMMU 3HAYEHVMSIMM KOOPAMHAT IIBETa
MIIeHNYHOM MyKu Tpex rpymm (Tabmuua 1), To BUIHO, YTO OHY MMEIOT
ni 6onee HU3KMe 3HaUeHUsT cBeIoThl (L* < 94,7), wiu Gonee HU3KUE
3HaueHus xxentusHel (b* < 10,7).
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PucyHok 3. 'padmk pacronokeHus ToueK, COOTBETCTBYIOIINX CIIEKTPaM 00pa3l0B MIIEHNYHO MyKM B KOOPAMHATAX:
a) MepBoii M BTOPOJi IVIaBHbIX KOMIIOHEHT; 6) BTOPOii M TpeTbheli [IaBHbIX KOMIIOHEHT. I'pymima 1 — ske/aThlif nBeT

rpynmna 2 — 3eneHbiii uset M; rpynna 3 — KpacHbli nBeT @
Figure 3. Graph of location of points corresponding to the spectra of the wheat flour samples in coordinates: a) the first and second principal components;
6) the second and third principal components. Group 1 — yellow  ; group 2 — green H; group 3 — red @
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B) r)
PI/ICYHOK 4, (DaKTOprIe Harpy3Ku JJIMH BOJIH CIIEKTPaA I10 Ye€ThbIpEM I/IaBHBIM KOMIIOHEHTAM:
a) mo 1 I'K; 6) mo 2 I'K; B) mo 3 I'K; r) mo 4 T'K
Figure 4. Factor loadings of wavelengths of the spectrum by four principal components: a) by 1 PC; 6) by 2 PC; B) by 3 PC; r) by 4 PC
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Ta6nuiia 4. IlBeToBbIe XapaKTePUCTUKM OOPa3L0OB MIIeHNMYHOI
MYKM, MMelolliyie 3Ha4eHusI co 3HakoM (+) mo 1 I'K
Table 4. Color characteristics of the wheat flour samples having values
with the plus sign (+) by 1 PC

Homep Koopaunatsl nBeta

Homep
CIIEKTpa TPyIIIbI £ * *
o6pasua L a b C H
51 2 91,9 0,83 10,50 10,5 85,5
52 2 92,7 0,83 10,64 10,7 85,5
11 3 93,9 0,53 9,18 9,2 86,7
12 3 93,6 0,53 9,23 9,2 86,7
5 3 91,2 0,48 8,48 8,5 86,8
3 91,5 0,51 8,80 8,8 86,6
3 90,5 0,45 9,95 9,9 87,4
10 3 92,8 0,43 9,25 9,3 87,3

CnemoBatenbHO, 1 'K BHOCKT HanbOIbILNMIT BKJIA/I B rpaalnio o6pas-
1I0B Ha TPYIIIbI (BK/IA, paBHBI 69,58% OT 0611l Jucrepcun), HO IPu
3TOM He BHOCUT Pa3jnuye MeXIy TPYNIaMiu 10 TEXHOJIOTUYECKMM I10-
kasarensiM. ComlacHO ee MHTepripeTauyuy 1o (GakTOPHBIM Harpyskam
ko3 duiieHTa criekTpa MorviolleHus, oHa Heo6XoaumMa AJIs Tpajgalumn
06pa3IioB Ha CBET/IbIE ¥ OOJIee TEMHbIE.

[Ipu paccMOTpeHMM PACIIONIOKEHNSI CIIEKTPOB 06Pa31i0B B KOOPAMHA-
Tax 2 1 3 ['K 1 mpyu cpaBHEHUM UX paCIoNoXKeHMs ¢ MHTepripeTauyeil 'K
10 MaKCHMaJIbHbIM 3HAUEHUSIM (PAKTOPHBIX HArpy30K, MOKHO BBIIBUTH
crepyoniee:

O crekTpsl 06pa3IioB U3 TPETbei IPYIIbI UMEIOT 3HAYeHVST KOOPIMHAT
co 3HakoM (—) no 2 I'K, koTopass umMeeT MaKkCMMajbHble 3HAUEHUS
(haxkTOpHBIX HArPY30K MOJI0C pu 1932, 1454 11 482 HM, TPUITKUChIBAE-
MbIX QYHKIMOHATbHBIM rpyrinam OH MosekysisipHOii BObI, TIEPBOMY
06epTOHY BaJIeHTHbIX Kone6aHuit OH-Kkpaxmasia 1 KapOTMHOUIAM;

O crexkTpbl 06pasioB 13 BTOPOI IPYIITbI KUMEIOT KOOPAWHATHI CO 3HAKOM
(+) mo 2 'K, KoTopast umMeeT MaKCMMaJjibHble 3HaUeHMsT PaKTOPHbIX Ha-
rpy30K nosoc npu 2286 n 2097 HM, IpUNMCbIBa€MBIX IUNINIAM, @ TaK-
ke KOMOMHauuu gedopMalMoHHbIX Konebannit O—H M BaleHTHBIX
koneb6anmit C—O, KOTOpbIe OTHOCSITCS K Kpaxmay;

0 cmexTpbl 06pa3LoB M3 MEPBOIi IPYIITBI PACIIONOKEHBI BOOIb JIMHUN
(PucyHOK 306), COeOUHSIONIEN CIIEKTPhl 00pas3I[OB CO 3HAKOM (+) TIO

2 I'K u co 3HakoMm (-) no 3 I'K. OHnu, B CBOI0O ouepefib, MMEIOT MaK-
CMMasbHble 3HaueHUs (PaKTOPHBIX HATPY30K mosnoc mpu 2286, 2097,
482 HM, NPUNUCHIBAEMBIX (QYHKIVOHAJBHBIM TPYNIaM JIUIUAOB,
Kpaxmasa ¥ KapOTUHOUIOB.

CnemoBatenbHO, 'K B3auMoCBsI3aHbI CO 3HaUeHMEM (GYHKIVMOHAJIb-
HBIX TPYII KOMIIOHEHTOB COCTaBa MIIEHUYHOI MYKM U XOpOILO pas-
JeNISTIOT 06pasiipl, MPeIBaPUTEIbHO KIacCUUIMPOBAHHBIE MO TEXHO-
JIOTMYEeCKUM CBojicTBaM Ha rpymmsl. Ilostomy I'K ucrnonb3oBaHbl st
MOCTPOeHMS KnaccuDUKALMOHHON MOV Tpajaluu 06pasiioB Ha IPyTi-
el MmeTogoM PCA-LDA.

3.3. [TocmpoeHue kaaccugpukayuoHHoti modesiu 2padayuu
006pa3y08 nuleHU4HOU MyKU HA Mpu 2pynnel, pasiudarujuecs
no mexosozuueckum ceoticmsam, no danHetm UV-VIS-NIR
cnekmpockonuu memodom PCA-LDA

PCA — merof, aHa/M3a JAHHBIX 6e3 06yueHMsl, KOTOPBI UCITOMb3YeT-
sl JUIsl yMEHbLIEHUS Pa3MepOB MaTpuiibl X, C Ie/bI0 TOMy4eHUs UeThl-
pex I'K, o6bsicHstommx 97,49% ot 06111eit qucrepcun. B kauecTBe BXOTHbIX
IaHHBIX st anroputMa LDA mcronb3oBaHa MaTpuila JaHHBIX [TIaBHBIX
komroHeHT (PCA). LDA — 3To MeToq aHanu3a ¢ 06ydeHueM, 03TOMY JIJIst
Kak1071 cTpoky MaTputibl PCA npucBoeH Kof, — HOMep COOTBETCTBYIOLIe
rpymmsl Kavectsa. [Ipy mocTpoennn KimaccubuKaluoOHHON MOIeN MeTo-
nom PCA-LDA Mbl BapbMpOBajayu cOueTaHMEM Mepbl PAcCTOSTHUST MeXITY
rpymnmnamMmm — JMHeTHOTO (eBKINI0BO), KBAAPAThl €BKIUIOBOTO PACCTOS-
HUS 1 paccTosiHMe MaxanaHo6yca — M KOJMYeCcTBOM MCIIOMb3yeMbix K.

JIMHeHbIVi METOH, UCIONb3yeTcsl B CJydae, KOTAA PasHULIA MEXAY
JIBYMsI TPYIIIIaMy MOXKET ObITh ITpecTaBIeHa JuHeiHoi dyHKumeit. Kor-
[la TPYIIIbI PasmesioTcs MeXay coboit KpuBoii JmHMUeN, 3bdeKTuBHA
Mepa pacCTOSTHUST — KBAIPaThl €BKINIOBOTO PACCTOSIHMS. JTa Mepa Mo-
KeT paboTaTh Jyyllle B CUTYyaLUMsIX, KOTAA pasianyHble Kiaccubuimpye-
Mbl€ I'PYIIITBI MUMEIOT OCHOBHYIO MU3MEHUMBOCTD B PAa3HBIX HATIPABIEHUSIX.
PaccrosiHue MaxanaHo6wmca sSIBJISIETCS CIIOCO60M M3MepeHMs PACCTOSTHMSI
HaO6JIOIeHNSI 10 LIEHTPOB TPYIII, 3TOT METOJ, 3aeCTBYeT SJUTUIICHI JJIst
oTIpesiesieHMst PacCTosTHMIA [35].

PesynbraThl MOAEIMPOBaHMS peiCcTaBeHbl B Tabmuiie 5, a BU3yaabHOe
MpeZCTaB/IeHNE PACIIONOKEHVSI CIIEKTPOB 06Pa3LIOB 13 TPEX TPYIII B KOOP-
JIMHATaX JABYX OMCKPUMMMHAHTHBIX (yHKImit LD1 u LD2 — Ha Pucyske 5.

B Tabnuie 6 mpexncraBieHa KiaccuduKaMOHHAS MaTPULa JAHHBIX
10 TIPUHAIJIEKHOCTM 00pasioB 13 0o6yuaroieii BbIGOPKM K OIHON U3
MPeATIoNaraeMbIX TPYIII, MOTYIeHHBIX 110 KIacCUBUKAIVIOHHON MOJIeN

5 Discrimination
- Linear Discriminant Analysis
10 Accuracy: 96.497%. A A
Categories: 3
0 | Method Used: Quadrati [ ]
Projected: 4 Componenls Y
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PucyHok 5. PesynbraTtsl PCA-LDA. PacrosioskeHue CIIeKTPOB 06pa3IioB M3 TPeX TPyl B KOOPAUHATAX ABYX
OUCKPUMMHAHTHBIX GyHKIMit LD1 u LD2: cuHMe TOYKM 0603HAYAIOT CIIEKTPbI 06pa3noB U3 1 rpymmsl;

KpacCHbIe — U3 2 rpyninbl; 3eJieHble — U3 3 rpynmnbl
Figure 5. Results of PCA-LDA. Location of the spectra of the samples from three groups in the coordinates of two discriminant functions LD1 u LD2:
blue points denote spectra of the samples from the 1% group; red points — from the 2" group; green points — from the 3" group

Ta6nuia 5. TounocTs KiaaccubuKanMoHHo mogenu (%)
OT MICIIOIb30BAHMS MIPY IIOCTPOEHMU MePbI PACCTOSTHUS MEKIY
IPYNIIamMu ¥ KOJIMYECTBO [JIABHbIX KOMIIOHEHT

Table 5. Accuracy of the classification model (%) on using in building the
measure of distance between groups and the number of principal components

KommuecTBo rnaBHbIX TOYHOCTH
Mepa paccTosTHUST OMIMIECTEO I1a o ooc ’

KOMIIOHEHT %
JInHejiHOe (eBKINUL0BO) 3 78,95
JIuHeliHOe (eBKINA0BO) 4 85,96
KBazpaTbl eBKIMA0BOTO PACCTOSTHUS 3 92,98
KBagpatbl eBKIMA0BOTO PACCTOSHUS 4 96,49*
Maxasiano6muc 3 92,98
MaxasiaHo6mc 4 92,98

* BpIenieHa MOJeJTb C HaubOIIbIIIel  TOYHOCTHIO.

Tabnuia 6. KnaccudukaumoHHas MaTpuiia onpeaeaeHns
MPVHAJJIe)XHOCTH CIIEKTPOB 06pa31oB U3 00yyalonieil BHIGOPKYU
K OJHO U3 TpeX IPymil 06pasuoB MIEeHUYHOH MYKI
Table 6. Classification matrix of determination of assignment
of the spectrum samples from the training sample to one of three groups
of the wheat flour samples

[Ipenmnonaraemas rpyrmmna
VicxopHast rpymnma

1 2 3
1 14 2 0
2 0 13 0
3 0 0 28

Tpumeuanue: o muaronanmu TabauIlbl MOKA3aHO YMCIO MPABUIBHO KIACCH-
bUIMPOBaHHBIX 06PA3LOB [ISI KAKIOM TPYIIIIBI.
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meTtonom PCA-LDA mipu cobiiofieHuu CIeAyolmx yCIOBI MOAEIMpoBa-
HMSI: Mepa PacCTOSIHUSI MeXKy IPyNIaMy — KBaZpaThbl eBKIMA0BOTO pac-
crostamst; yncito I'K — 4. Hayuryumive pe3ynbTaTsl MOKa3bIBaeT Kinaccudu-
KallMOHHAs MOJeJb, TOCTPOEHHAsI C UCIIOb30BaHMeM YeThIpeX IJIaBHbIX
KOMITOHEHT ¥ MepOii PaCCTOSIHMSI MeKLy TPyIIaMy — KBaZpaThl paccTo-
sauit (Tabnuua 5). TOYHOCTb MpecKkasaHus B 3TOM ciydae — 96,49%.
HeTouHOCTb KaccuuKaMOHHO MOZEIN OOBbSICHSIETCS ClTabbIM pasiin-
yyeM MeXIy MepBoi 1 BTOPOI rpynmnamyu o6pasioB MIIeHNYHO! MYKU
10 TEXHOJIOTUUECKMM CBOJCTBaM: 06pasIibl U3 MEePBOI IPYIIBI — C XO-
polIMMM X1e60IeKapHbIMM CBOMICTBAMMU, 06pa3iibl U3 BTOPOI IPYIIITbI —
C TIOHMKEHHBIMM XJ1e60TIeKaPHBIMU CBOICTBAMMU.

Insa Banmupmanyuy KiaccubUKAUMOHHON MOZENN WCIIOIb30BaHa MC-
xXonHast matpuiia X,, B KOTOPOJ TpencTaB/ieHbl TaHHbIE U3 TECTOBOA
BBIOOPKIL.

Ta6nuia 7. [IporHO3MpoBaHMe Mo KiIaccupUKaMMOHHO MOAEIN
MPUHAJJIESKHOCTY CIIEKTPOB 06pa31[0B U3 TECTOBOI BHIGOPKU
K O HOJ1 M3 IPYIII KaUyeCcTBa NIIeHNYHOM MYKH,
pasaInMYaomuxcs Mo TeXHOJIOTMYEeCKUM CBOJICTBaAM
Table 7. Prediction by the classification model of the assignment of the
samples from the test sample to one of the quality groups of wheat flour
differed by technological properties

Homep rpynmbi
COIVIACHO TE€XHOJIOTU-

Homep rpymnmsi,

Hom TIEKT) 2
OMEp CrIeKTpa npeacKa3saHHbIN

obpasua YeCKMM CBOMCTBAM MOJIeJIbIO
2 3 3
9 3 3
22 3 3
46 2 2
59 2 2
66 1 1

B Tab6mnuiie 7 mokaszaHbl pe3y/IbTaThl IPOTHO3MPOBAHMSI 10 KJIacCUbu-
KaI[MOHHOJ MOZEI MIPUHAIJIEXKHOCTY CIIEKTPOB 06pa3iioB 13 TECTOBOI
BBIGOPKM K OFHOJ M3 TPYIIIT KauecTBa MIIeHUYHOI MyKY, pas3nyaronix-
Cs1 110 TeXHOJIOTMUECKUM CBOJcTBaM. M3 Tabauiibl BUIHO, UTO IJIST BCEX
06pasIoB M3 TECTOBOM BHIGOPKM HOMED IPYIIIIbI COITIACHO TEXHOJIOTMYe-

| pp. 22-30

CKMM CBOJCTBAM COBIIa/IaeT C HOMEPOM TPYIIIIbI, Tpeicka3aHHbIM Mojie-
spi0. TakuM 06pa3oM, peIoaaraeMblii METO, IIO3BOJISIET JOCTUYD TOU-
HOCTU rpajauyy o6pasioB Ha IPYIIb, mpeBbimaoeii 90%. ToUHOCTh
rpaganuu 06pasioB Ha rpymibl kKauectBa MetogomM PCA-LDA, BeposiTHO,
YAYUIIATCS, KOTAA B CYIIECTBYIOIIYIO 6a3y aHHbBIX OyIeT BKIIOUYeH 6Ob-
11071 Habop 06YYAIOLIMX JAHHBIX. B CBSI3M € 9TUM IpeaJiaraeMblii Crioco6
oTIpefie/ieHNst CIIEKTPOB 06pasI[0B K OHOM 13 TPYIII KauecTBa MIIeHnY-
HOJ MYKM, PasauMyaloUMXCs 10 TEXHOJOTMYeCKUM CBOVICTBAM, MOXKET
OBITh BHICOKO3(h(HEKTUBHBIM JIsI TPAKTUUECKOTO MTPUMEHEHMSI B THIIle-
BOJI TPOMBIIIJIEHHOCTH.

4. BbIiBOJBI

IokasaH MoTeHUMan U NpeMMyecTBo ucrnonb3oanusi UV-VIS-NIR
CIeKTPOCKOMMYU IJISI Tpajaiyuy 00pasloB MUIEHNYHOV MYKM BBICLIETO
copTa, pa3nnyaloleiicsl 10 TEXHOIOTMYeCKMM CBOMCTBAM, IO IPYIIIam
KauecTBa: IepBasi TpyIrna — o6pasibl MIIEHNYHO! MyKU C XOPOLIMMU
x/1e6011eKapHBIMY CBOJCTBAMM, BTOPAs IPyIIa — C IOHVDKEHHBIMM XJIe-
60meKapHbIMM CBOVICTBAMMU, TPEThbsl TPYIINa — C HU3KMMU XieboneKkap-
HBIMM CBOVICTBaMM.

[IprMmeHeHMe TOPTAaTMBHOTO CIIEKTPOMeTpa I03BOJSIET MPOBOAUTH
nsmepenust UV-VIS-NIR criektpoB B nnanaszone 350-2500 HM Ha mecTe
¥ TMPUHMMATh PelleHNs] O KauecTBe IMUIEHMYHOJ MYKM B pexume pe-
anpHOro BpeMeHu. st aHanmsa UV-VIS-NIR criekTpoB u moCTpoeHMst
KIaccubUKAIVOHHOM MOZENM MCIIONb30BaHbl MeTOAbl MHOTOMEDPHOTO
aHa/MM3a JaHHBIX: METO[, [JTaBHbIX KOMIIOHEHT ¥ JIMHEHbI JUCKPUMMU-
HaHTHBIV aHanu3 (PCA-LDA).

Mo Buaumomy guamnasoHy (380—750 HM) criekTpa Mpou3BeeH pacyer
KOOPAVHAT LiBeTa MIIeHNYHOJ MyKM BBICLIETO COpTa B KOJIOpUMeTpuyde-
ckoit cucreme MKO L*a*b*. TTokaszaHo, 4TO KOOpAuHATHI L* 1 b* BHOCAT
HauGONMBIINIT BKIaJ, B pasinueHye o6pasLos no 1sety. [Ipy 3TomM Koop-
IVHATa CBETIOTHI L* He BHOCUT BK/IaZ B pasiaiyeHue 06pas3iioB Ha IPyI-
IIbI KaUeCTBa 110 TEXHOJIOTMYECKMM CBOJCTBAM, & KOOPAMHATA )KeITU3HbI
b* 3HAUMMO pa3imuyaer ¥, IO-BUAMMOMY, CBSI3aHa C GOIBLIMM COLepsKa-
HMeM KapOTMHOUJIOB.

Metomom PCA-LDA mocTpoeHa KiaaccubMKalMOHHAs MOAEIb Ipaja-
MM 06pasLoB MIIEHUMYHON MYKYM Ha TPYIIIbI, Pa3aMyaloniecs Mo Tex-
HOJIOTMYECKUM CBOVICTBaM, C TOUHOCTbIO 96,49%, 1 IpoBeneHa Bepudu-
KaLysi MOJJH 110 TECTOBOI BBIGOPKE CIIEKTPOB.
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IININEBBIE OTXO/AbI — CBIPBE OJIA ITOJIVUEHUSA BUOPA3JIATAEMBIX
IMOJINTUAPOKCUAJTIKAHOATOB: COCTOSIHUE U ITEPCITEKTUBbI

Kysnenosa A. I1.*, Anp-Illexamat P. 1.
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Open access

nuwessle 0mxodsol, O6ocTpeHne Mpo6eMbl 3arpsi3HEHMST OKPYsKAIOIeli cpebl IIACTMKOM CTUMYJIMPYET TIOUCK He TOJIBKO Haubosee rmepcrek-
ouopasnazaemole TUBHOTO 6110pa3yiaraeMoro nojiuMepa, HO ¥ ONITUMATIbHOTO ChIPhS AJIS ero Mpou3BozcTBa. [lonmuruakpocuankaoatsl ([TTA) —
nonaumepol, 61opasiaraeMble MMoaMMepbl, obnagaroiiee GU3MKO-MeXaHUMIeCKMMM CBOMCTBaMM OIM3KMMM K TPAAMLIMOHHBIM TIACTUKAM,
noauzudpoxcu- paccMaTpUBAIOTCS KakK MOTEHIMaTbHOE pellleHne JaHHOol Tpo6iembl. [IpousBoacTBo IITA MOXKeT GbITh peayn30BaHO COIIac-
anKaHoamel, HO TIPUHLIMIIAM GMOIKOHOMMKM 3aMKHYTOTO LIMKJIA MyTeM GMOTEXHOIOTMYECKOi mepepaboTKy BTOPUYHOTO ChIPbhS C TTOJY-
0mxodsl ppykmos, YyeHyeM IPOJYKTa € 106aBOYHONM CTOMMOCTbI0. OJHAKO BaXKHOI COCTABISIIONIEN pacipenus mpousBoncTsa ITA sBiseTcst
buopasnazaemas HeO06XOAMMOCTb OGHApYKeHMsT Haubosee MepCcrekKTUBHOTO BTOPUYHOTO ChIPbS /i1 €ro MpOu3BOACTBA. [IpoBeseH aHamM3
ynaxkoeka poiaka I1T'A B Poccum 1 Mupe, B KauecTBe OCHOBOTIONAramiero gakropa pocra mpoussoacTsa 1A BbifiesieTcst CIipoc B yra-

KOBOYHOIA, TUIIIEBOIi ITPOMBIIUIEHHOCTY, GMOMEIUIIVIHE 1 arPONIPOMBbIIIJIEHHOCTU. Bubuorpaduuecknii aHanus ¢ npuMeHe-
HueM cxembl PRISMA 1 mporpammsbr VOSviewer 1O3BOMI BBISIBUTH TPY OCHOBHBIX HAITpaBeHMs vicciaemoBanmii [TTA: momck
OINTUMAaIbHOTO BTOPUYHOTO ChIPbsI CPeiy MUIIeBbIX OTXOA0B; aHA/IN3 BbI3OBOB Ipu Mpou3BoacTBe [1I'A; n3ydyeHne 3K0I0ru-
Yyeckux U dKoHOMIUecknx 3ddexros ot BHenpeHus [ITA. OnpeneneHbl epPCIIeKTUBHbIE BUIbI BTOPUYHOTO CHIPHSI: OTXOMbI
MPOU3BOACTBA PACTUTEIbHBIX Maces, OTXO[bI TepepaboTKy (PPYKTOB M OBOIIEH, MOJIOUHAsT CBIBOPOTKA, OTXOMbI CaxapHOi
¥ KpaxMaJbHOI MMPOMBIIUIEHHOCTH, OTpaboTaHHasl KodeiiHas rylia, IKCTparupoBaHHbIe U3 Hee KodeiiHble Macia. BoisB-
JIEHBI TTPEVMYILIECTBA M HEJIOCTATKU MUCIIONb30BAHUSI BTOPUYHOTO ChIPbS, BO3MOXXHOCTY COBEPIIEHCTBOBAHMSI CIIOCOGOB €ro
npUMeHeHusT B Tpou3BoacTBe IITA, a TakKe yCTaHOBIEHbI OCHOBHbBIE IITAMMBI-TTPOAYIIEHTHL. [IJIs1 ONTUMMU3aIUY CTOMMOCTHU
M MIPOLeCcCoB TTpou3BocTBa [ITA Tpe6yroTCs maibHelIe UCCIeq0BaHNMsI UIEBbIX OTXOZ0B, HallpaBIeHHbIe Ha pa3paboTKy
TIOAXOMIOB K YBeJIMUEHUIO BbIXOZA MOIMMepa, B TOM UKC/e MyTeM MpUMeHeHMsI TTPOI[eCCOB MOATOTOBKM BTOPUUYHOTO ChIPbSI.
Takske JJ1s TIepeuncIeHHbIX 1ejielt HeoOGX0aMM IMOMCK Hanbosee MPOAYKTUBHBIX IITAMMOB, CMHTe3MpyoIux I1TA.
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food waste, The growing problem of environmental pollution by plastic leads to the search not only for the most promising biodegradable
biodegradable polymer, but also for optimal raw materials for its production. Polyhydroxyalkanoates (PHA) — biodegradable polymers with
polymers, physical and mechanical properties close to traditional plastics — are considered a potential solution to this problem. The
polyhydroxyalkanoates, production of PHA can be organized according to the principles of circular bioeconomy through biotechnological processing
fruit waste, of secondary raw materials to produce a product with added value. However, an important component of the expansion of PHA
biodegradable production is the need to find the most promising secondary raw materials for its production. The PHA market in Russia and
packaging the global market have been analyzed, highlighting the demand in the packaging and food industries, biomedicine and agro-

industry as the fundamental factor for the growth of PHA production. Bibliographic analysis using the PRISMA scheme and
VOSviewer program allowed identifying three main directions of PHA research: search for optimal secondary raw materials
among food waste, analysis of challenges in PHA production, and the ecological and economic effects of its implementation.
Promising types of secondary raw materials have been revealed: vegetable oil production waste, fruit and vegetable process-
ing waste, dairy whey, sugar and starch industry waste, spent coffee grounds and coffee oils extracted from them. Advantages
and disadvantages of using secondary raw materials, options for improving their use in the production of PHA, and the main
strains-producers were determined. To optimize the cost and processes of PHA production, further studies of food waste are
required, aimed at developing approaches to increase the polymer yield, including through the use of secondary raw material
preparation processes, and the search for the most productive strains synthesizing PHA.

1. BBepgeHue u3 IITA MoskeT ObITh TIepepaboTaHa BMeCTe C OPraHMYeCcKUMM OTXOIaMMU
IMonuruapoxcuankanoatsl (IITA) — 6uopasiaraeMple IOIMMEpPbI, IOCPEACTBOM KOMIOCTMPOBaHMsL. TaKkoit MOAXOL MOBbIIIAET pecypcoad-
CUHTe3MpyeMble MMUKPOOpPTraHM3MaMy. 3HAUMTENbHBIM IpeuMyliecT-  (GeKTMBHOCTb, BHOCUT BKJIAJ, B CUCTEMY YIIpaBIeHMsI OTXOLAaMM, a [JIaB-
BOM 3TOTO CEMEJCTBA IOIMMEPOB BBICTYNAIOT aHAJIOTMYHbIE TPAOUIM-  HOE, CHIKAeT 06IIYI0 CTOMMOCTD rpou3BozcTsa [1TA [2].
OHHBIM IIIacTUKaM (usmko-mexanuueckue cpoiicrsa [1]. Kpome Toro, OxupaeTcs, Y7o 06beM PbIHKA MOTUIUIPOKCHATKAHOATOB BBIPACTET
1pon3BoACcTBO [ITA MOKET MOTHOCTBIO COOTBETCTBOBATDh MPMHLIMITAM 61- ¢ 32,14 kmunoToHH B 2023 roxy 10 92,41 kunoToHH K 2028 rogy mpu tremiie
09KOHOMMKY 3aMKHYTOrO LiMK/Ia. Tak, B KauecTBe MCTOUHMKA yraepoja  pocta B 23,52% B TeueHMe MpOrHo3Horo nepuona (2023-2028 rr.). B ne-
Y IUTaTeIbHBIX BEIeCTB JJIs1 KIeTOK, Mpou3Boasumx [IIA, IpyMeHSI0T-  HeXXHOM 3KBMBaJIeHTe IIPOTHO3MPYETCsl POCT ¢ 93 MWUIMOHOB [10/UIapOB
cs1 GBITOBBIE M IIPOMBIIUIEHHbIE OTXOZBI. A MCIIONb30BaHHas npoaykuyst B 2023 rogy 1o 195 muumonos B 2028 rony npu temrie pocra 15,9% [3].

O UUTUPOBAHUNS: KysuenosBa, A. II., Anp-Illexagar, P. . (2024). [In- FOR CITATION: Kuznetsova, A. P., Al-Shekhadat, R. I. (2024). Food waste as
IeBbIe OTXOZbI — ChIPbE ISl MONyYeHyst 61opasiaraeMbIx MOMMIMAPOKCHanKa-  araw material for production of polyhydroxyalkanoates: State and prospects. Food
HOATOB: COCTOSIHME U TepCcreKTuBbl. [Tuujessie cucmemol, 7(1), 31-43. https://doi.  Systems, 7(1), 31-43. https://doi.org/10.21323/2618-9771-2024-7-1-31-43
org/10.21323/2618-9771-2024-7-1-31-43
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B mepByio ouepeb, 3TO 0GYCJIOBIEHO YCMJIEHMEM TOCYJAPCTBEHHOTO
KOHTPOJISI M Pa3paboTKOVi HOPMATUBHBIX AKTOB, Halle/IeHHBIX HA YMeHb-
LIeHue MoTpe6aeHys] OMHOPa30BbIX U3MEINil U3 TIaCTHKa, a TaKkKe Ha
60pb0y ¢ TIpob6IeMaMu, CBSI3aHHBIMM C HAKOIUIEHMEM U TIepepaboTKOi
IJIACTUKOBBIX OTXOZ0B.

OCHOBHBIM (haKTOPOM, CTMMY/IMPYIOUMM POCT PbIHKA IOJUTUAPOK-
CUAKaHOATOB, SIBJISIETCS PACTYILIMII CIIPOC Ha GMopa3iaraeMble MaTepu-
aJbl B YIIAKOBOYHOJ ¥ MUILEBO MPOMBILIIEHHOCTH, a TAK)Xe B GuoMe-
IUIVHE Y arpoNpOMbBIIUIEHHOCTH. HeMaloBaXXHO U TIOSIBIEHNE HOBBIX
7 9KOHOMMYECKM 3G GEeKTUBHBIX BUIOB ChIPbs IJIsT ITpou3BoacTBa IITA,
TaKMX, KaK OTXObI [IIeBOJ IIPOMBIIIIEHHOCTH [3,4].

KntoueBpiMy koMnaHusIMu-npoussoautensvu [T'A sBsiorcs [4]:
Danimer Scientific (CIIA),

Shenzhen Ecomann Biotechnology Co, Ltd. (Kuraii),

Kaneka Corporation (SIrmoumus),

RWDC Industries (Cunraryp),

Newlight Technologies LLC (CIIIA),

TianAn Biologic Materials Co., Ltd. (Kurait),

Biomer (TepmaHnus).

Ha Teppuropmm Poccuy pelHOK 61MOpasiaraeMbIX MOJMMEPOB pas-
BUBAETCS MelJIeHHee, OJHAKO IMpPe[ICTaBlIeH Pa3HOOOPa3HbIMU BUIAMU
TaKuX IMOAMMEepOB, BKIIOYAs MMOMMIAKTUA, M MOIUTHUPOKCHATKAaHOATHI;
MPEUMYIECTBEHHO PHIHOK COCTOUT U3 GMOpa3IaraeMbIX paCTUTETbHbIX
KOMIO3uIui [5].

Panee, B 2013 rogy npaBuTeIbCTBOM ObLT YTBEP)KIEH IJIaH MepPOIIpy-
atmii “PasBuTie 6MOTEXHOIOTMII ¥ TeHHOM MHXeHepUn”, PAaCCUMTaHHbII
Ha nepuop mo 2020 roma u BKIIIOUAIONINI B cebsl paciiMpeHye pbIHKa
6uornonmepoB. OIHAKO B HACTOSIIIMIT MOMEHT B Poccuu mpezcraBieHO
KpajiHe MaJjioe KOJIMYeCTBO KPYITHbIX QYHKIVIOHUPYIOMIMX TP ITPUITHINA.
BOobIIMHCTBO 6MOMOAMMEPOB MTPOU3BOASITCS HEGOMbIIMMY MHUIIMATUB-
HBIMM TIPEJIIPUSTHUSIMU U CTapTaramu.

HeckonbKo NMPOEKTOB, MHULMMPOBaHHbIe B COTPYAHMUYECTBE C MHO-
CTpaHHBIMM KOMIaHuAMM (“PeHOBa” B COTPYIHMYECTBE C IOJIAH/ICKO
kommauueit Purac, TAU® u ¢ utanbsiHckoit hupmoit Bio-on), He mouim
IO CTaAVY peann3aunmn.

OnHako, COTIacHO TMpecc-cayk6e MUHMCTEPCTBA CETbCKOTO XO3sii-
crBa Poccuiickoit @enepaiuu, VHULIMUPYIOTCS HOBbIE TIPOEKTHI. Tax,
KoMIanus “Pycrapk” B 0C060ii 9KOHOMMYECKOII 30He «JIUIenK» Iia-
HUPYeT Pa3BEepHYTb MHHOBALIMOHHBIN MMPOMU3BOACTBEHHBIN KOMIIIEKC
1o mnepepaboTKe MIIEHMYHOTO ChIPbSI HA KpaxMasibl ¥ OMOIOIMMeE-
pbl (MOMMIAKTUA). 3asIBISIETCS] BBIXOJ, HA IOTyYeHMre GMOIoaMMepoB
K 2024 rony [5].

CeTbCKOXO03SCTBEHHDIN XONAMHT «Cubarpo» Takke paccMaTpuBa-
eT BO3MOKHOCTh IPOM3BOJCTBA IMOMUIAKTUAA U3 TepepabaTbiBaeMoit
XOJIAMHIOM TIIIEHUIIbI. [IpOTHO3UpYyeTCcss 00beM MPOMU3BOACTBA OKOJIO
30 THIC. TOHH TOJIMJIAKTHUA €KETOLHO.

HecmoTpst Ha TOCTelleHHOe pa3BUTHE ITPOM3BOJICTBEHHBIX MOII-
HOCTeJt, KOMIIJIEKCHBIJ aHa/lNu3 pbIHKA M MPOM3BOJCTBA B HACTOSILMIA
MOMEHT He npoBefeH. OTaeabHble aHATUTUYECKME PAGOTHI OTMEYAIOT
poCT cIipoca Ha MOAMIAKTH[, C LieJbl0 MIPOM3BOACTBA MUILEBOI yIa-
KoBKMU. VIH(DOpManmoHHO-aHaIUTUUECKUT IeHTP Rupec B cBOUX U3bI-
CKaHMSIX MOAYEePKMBAET HU3KYIO BEPOSITHOCTh MaCIITAaGHOTO Pa3BUTUSI
MMPOM3BO/CTBA 61Opa3iaraeMspIx MOIMMEPOB (C UCKIIOUeHUEM JIJIs TI0-
JIMTaKTUIA TIPU YCIIOBUM 0GecrieyeHusl roCyIapCTBEeHHOM MOAIePKKU
LIS peany3saliMy MPOM3BOICTBEHHBIX NMPOeKTOB). Takke oTMeuaercs,
YTO 3aTpaThl HA ChIpbe B Poccum MoryT 6bITh Ha 50—100% Bbile, yem
B CIIIA.

B yCI0BUSX TEKYIEH TOMUTUIECKO 06CTaHOBKY, B CBSI3U C KOTOPO#t
MMITOPT GMOIOMMEPOB ¥ TEXHOJIOIMI CTAHOBUTCS 3aTPYIHUTEIbHBIM,
060CTpsieTcss Heo6XOAMMOCTb pPa3spaboTKY TEXHOJIOTUII MPOM3BOACTBA
YHUBEPCATbHBIX OMOTIONMMEPOB C BO3MOXXHOCTbIO MTPUMEHEHMsS B pas-
JIMYHBIX 06J1ACTSIX, BKIIOYAS] MeAULIVMHY U ITPOU3BOLACTBO YIAKOBKY JJIS
ITPOJIOBOIBCTBHSI, C IIeJIbI0 CHVKEHMSI 3aBYICUMOCTY KPYITHBIX OTpacieit
NIPOMBILIVIEHHOCTY OT MMIIOPTa I1I0/IIMepOB [6].

[MonurnapoKrcuankaHOAThl MOTYT BBICTYTIATh B KAUECTBE ITePCIIeKTUB-
HBIX GMOIIONIMMEPOB JIJIsl IIPOU3BOACTBA B Poccuy BBMIY BO3MOXKHOCTU
3HAYUTEILHOTO CHIDKEHUS UX CTOMMOCTY ITOCPENCTBOM IPUMEHEHMUS
B KayecTBe MCXOHOTO MaTepyasia OTXOL0B IMNUIeBO TPOMBIIIIEHHOCTH!.

OCO000OD

2. O6'BEKTHI ¥ METOABI

O6beKTaMyu MCCIeNOBAHMUS BBICTYIIAMM Hay4Hble MyOIMKALUUA MU-
POBOTO COODIIECTBA, MTPeACTaBIeHHbIe HA aHIJIMIICKOM si3bike. POpMM-
poBaHNe TEePBUYHONM BBHIOOPKM CTaTEl MPOMCXOAWIO M3 6asbl JaHHBIX
Lens Org Ha OCHOBe 3aIpoca, CofiepsKallero Takme KiIoveBbie CJioBa Kak
«PHA», «<polyhydroxyalkanoate» u «food waste». [TepeuncieHHbIe KI04e-
Bble CJIOBA MIO3BOJISIIOT JOCTATOUHO TOYHO ChOPMUPOBATH BHIGOPKY HAyU-
HBIX IyGIMKAaLIMIf, COOTBETCTBYIOIMX TEMATUKE UCCIeTOBAHMSI.

Hcrnonb3yst cxemy PRIZMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses), n3o6paxeHHywo Ha PucyHke 1, 6putn oro-
GpaHbI CTATh!, COOTBETCTBYIOIIME CIEAYIOMIMM KPUTEPUSIM |
O ropx nmy6nukanmu: 2010-2023 (uto mo3BossieT chOKYCUMpPOBaTh aHAINU3

Ha COBPeMEeHHBIX MCCIeJOBaHMS).

U HampaB/iieHMe MCCIENOBAHMS:  MOMUTMApoKcuankaHoatsl, food
science, 6monorus, 6akTepum, SKOIOIVsI, MaTepualoBeieHue, YIIpaB-
JIeHVe OTXOaMM, OMOTEXHOJIOT S, MH)KeHepUsl OKPYsKAIOIIeii Cpemsbl,
MIPUK/IagHASE MUKPOGMOMOTHS ¥ GMOTEXHOIOTHSI, TIOJIMMEDBI U IJIacT-
MaccChl, yIpaBle€HUe M YTUIM3ALUMs OTXOAOB, XMMUSI MaTEpPUAJIOB,
XUMMST OKPY)KaIoIeit cpefibl, MuILeBasi MPOMBIIIIEHHOCTb, MOJIEKY-
JiIpHast GMOIOrMs, MUKPOOMOIOTHSI, GMOMEIUIIVHCKAST MHKEHepus,
obIiee MaTepuasoBefeHNe, CeIbCKOXO3SIICTBEHHbIe U OMoIornye-
CKye HayKu, GMOXMMYISL, TeHeTHKa VI MOJIEKY/ISIPHAsT GMOIOTIsL.
JIOTIOMTHUTENBbHBIMU KPUTEPUSIMU OTCEMBAHUS NPU (HopMMUpPOBaAHUM

KOHEUHOJi BBIGOPKY BBICTYIAIM Takue (HaKTOphI, KaK Haluuye aHHOTa-

UM M JOCTYITHOCTD IMOJTHOT'O TEKCTa HaY‘IHOIZ ny6n1/11<au1/n/1.

o)
2| - N S
-] KomH4ecTBo cTatedt mus KOJHYEeCTBO YAQIeHHBIX CTaTeit
)
¥ | | mepsoatambroro aramiza —>| BBHAY OTCYICTBHSI abCTpaKTa
2| ((@=1798) ) La=450) )
3 l
o

o) e N[

KomH4ecTBo cTatedt musa KOJH4eCTBO HCKIFOYEHHBIX CTaTeii:

| manbHeHIDero aHamH3a > romusfaHHa paree 2010

\(n=1348) ) \01:434)
a e ~ N 7 ~
E Komryectso craredl anst KOJH4eCTBO HCKIIOYEHHBIX CTaTeii:
S| | AQNBHEHINEro anamHsa He COOTBEICTByeT TeMe (n=336)
g | (@=914) ) U )
z !
g . N
z Komrectso cTatedt At KOIM4ecTBO HCKIOYEHHBIX CTaTelt:

it —»|
2| | AQUBHEHINEro anamH3a OTCYICTBHE HONHOTO Texkcta (n=176)
E \_(n=578) ) L )
2 i
E Kom4gecTBo cTaTel ans
AarbHeHero aHAH3a
| @=402) )

Pucynok 1. Cxema PRISMA, ucmnonb3yemas sl IOCTPOEHMS

JIOTUMKU UCC/IeJ0BaHUSA
Figure 1. PRISMA scheme used for building the logic of the investigation

AHanu3 BbIGOPKM MPOBOAMICS C MPUMeHeHueM mporpaMmmbl VOS-
viewer, TO3BOJIIOLIEN POBECTY BU3YaIbHBIN aHAIN3 CHOPMIUPOBAHHOI
BBIOOPKM, OIIPEENNTh K/IIOUEBbIe TEMbI MCCIENOBAHMIT U CBSI3U MEKIY
uumu. enb ucnonb3oBanust VOSviewer B JaHHOI paboTe — BBIIBUTH
Hambosee akTyaJbHble HAMIPaBAEHWS UCC/IeIOBaHNIT B 06/1aCTy TIOTyYe-
HMSI TTOJIUTHUIPOKCHAIKAHOATOB U3 MUIIEBIX OTXOI0B, a TAKXKE Hanbosee
MepPCIeKTUBHbIE BUIbI BTOPUYHOTO ChIPbSI.

2.1. AHanu3 c npumeHeHuem VOSviewer
2.1.1. Ananu3s nepeuuHoli 8s1600pKU

Llenbio mpoBeneHus: 61OIMOMEeTPUYECKOTO aHalIM3a BBICTYIIANO BbI-
SBJIeHNe OOLIMX TeHAeHIui B chepe uccienoBaHus GropasaaraeMbixX
MaTepuasaoB U UX MOTyYeHMs U3 MUIIeBbIX OTX00B. Pe3ynbTaThl aHaIN-
3a IIO3BOJIM/IY OLIEHUTH CMellleHMe UCCIe0BaTeTbCKIX MHTEPEeCOB B CTO-
POHY KOHKPETHBIX MUILEBbIX OTXOJI0B, a TAKKe CBOVCTB MOMUTUIPOKCH-
aJIKaHOATOB ¥ METOZ,0B MX MOTyYeHMsI.

TTepBOHAYAIbHBIN AHAIN3 TIPOBOAWIICS IO TIEPBOI CHOPMUPOBAHHO
BbIGOpKE (M0 ee 06paboTKM cortacHo cxeme PRISMA) mjist BbISIBJIEHMS
KPYIIHBIX KJIaCTEPOB B HAaIIpaB/IeHMUM UCCIeA0BAHNS TOIUTUAPOKMCANIKA-
HOATOB U UX IIPOU3BOJCTBA U3 MUILEBbIX OTXOA0B. [ToyueHHbIii rpadux
npefcTaB/eH Ha Pucynke 2.

Ha npuBeneHHOM rpaduke sIBHO BbIETEHbI 3 KIacTepa, YTO [03BO-
JIIeT BBISIBUTH TPY OCHOBHBIX HampasiaeHus ucciaepoBanuii IITA. Camblii
KPYIIHbII KJIacTep, CUMHMIA, BU3yanusupyert obiee usyuenue ITA (study,
characteristic, experiment, microbe), ero BausiHME Ha OKPYKAIOUIYIO
cpeny (environment, soil), conuanbHbie acrekTbl (community, china),
a TakKe IMOSIBJIEHME HOBOM 3KOCUCTeMbl, ruactucdepsl. KpacHslii Kia-
CTep yKasblBaeT Ha MCC/IeOBaHMSI, HalIpaBIeHHble Ha M3Yy4eHNe ChIPbsi
11st ipousBozcTBa [T'A, BbISIB/ISIST Hauboee MepCreKTUBHbIE UCTOUYHM-
ku noryyeHus nonumepa (food waste, waste, organic waste, vfas, lignin),
a Taoke MeTonbl nonyyeHust ITTA ¥ MUKPOOPraHu3Mbl, CMHTE3UPYIOLIe
nonmep (mmc (mixed microbial culture), bacillus, cupriavidius). Boripo-
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PucyHok 2. BubimomeTpuueckast KapTa myGauKanuii B IpesMeTHO o6actu moxydenus [II'A 13 nuieBbIX OTXON0B

(nucrpymeHnTtapuii: VOSviewer, metoz: Keyword Co-occurrence)
Figure 2. Bibliometric map of publications in the subject field of PHA production from food waste (tools: VOSviewer, method: Keyword Co-occurrence)

CBl 0 Lesilecoobpa3HocTy npousBozcTsa [I'A, BKI0YAst 9KOHOMUYECKYIO
BBITOJY, aKTyaJIbHbIe ITPOGIEMBI IIPOM3BOJICTBA ¥ KAaUueCTBO KOHEYHOTO
MPOAYKTa, 00beIMHEHBI B 3eJIeHbII KJlacTep.

U3 rpaduka MOKHO cIenaTh MpenIookeHye 0 TeCHO B3aMMOCBSI-
31 MEXIY MCCIeOBaHUSIMM 3€e/IEHOTO M KPacHOro K/IacTepoB, KOTOPbIe
MOKHO OXapaKkTepy30BaTh KaK MCCIe0BaHMs, ITIOCBSIIeHHbIe BOIIPOCam
MPOU3BOACTBA ¥ MAaCIITAGMPOBAHMUSI TIPOMBIIIJIEHHOTO MPOM3BOACTBA
10JIIMEPOB, BKJIIOUAsT aCIIeKThl 9KOHOMUYECKOI BBITObL. B TO Bpemsi Kak
CUHMIT K1acTep, 60/Iblie CBSI3aHHbIN C 06IIMMM Ta60paTOPHBIMM U COLIM-
aIbHBIMU UCCIeJOBAHMSIMY, BU3YIM3UPOBAH B HEKOTOPOM OTAAJIeHNUMN.
Takum 06pa3oM, BO3SMOKHO ITPEATIONOKUTh, YTO B HACTOSIIIMIT MOMEHT
uccnepoBanyst IITA B Gosblieii CTerneHM HampaBeHbl Ha 1abopaTOpHbIe
9KCIIePUMMEHTBI, Ha M3yueHye CBOJCTB MoNMMepa U IOMy4YeHMe OITU-
MaJIbHBIX KOMIIO3UIIVIA, 8 9KOHOMMUYECKME U TIPOMbIIIEHHbIE BOITPOCHI
[POM3BOACTBA MOMMMepPa B KPYITHBIX MaclITabax MMOCTEIIeHHO PacKpbl-
BaloTCs B 6oree GyHIAMeHTaIbHBIX JccnenoBaHusIX. Kpome Toro, B Ha-
YUHBIX paboTax Jenaercsl aKLeHT Ha MOMCK MCTOYHMKOB yITepoaa Jis
MOTyYeHus! ToIMMepa, TakMX Kak OTXO[bl MPOM3BOACTBA (waste) U Mu-
mieBble otxonpl (food waste).

[TonyyeHHas! BU3yanu3alysl Takke GbUla PacCMOTpEHa C IO3ULIUU
pacrpefeneHus Mccief0BaHNit 1o rofam. YacToTa ynoMuHaHMS Kilove-
BbIX (10B ¢ 2010 mo 2023 rog npencrasieHa Ha PucyHke 3.
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PucyHOK 3 WLTIOCTPUpYeT TIoCTereHHoe cMeleHne (oKyca OT mepBo-
HavyaJbHbIX JIAGOPATOPHBIX MCCIENOBaHMIT K ITPAKTUUECKMM BOIIPOCAM
BbIGOpa ChIpbst mpousBoacTBa ITA (waste, food waste, feedstock, vfas)
M K acliektaM Mpou3BozCTBa moiumepa (plant, solution, resource, term,
company). Taicke B oc/eIHNe HECKOIBKO JIeT aKTUBHO U3YUYaloTCsI OTAeb-
HbI€ BUIbI ChIPbsI, MUKPOGHbBIE KOHCOPIMYMBI, TIacTichepa, IKOHOMUKA.

Cnemyolmuit sTan aHanu3a BKIIOUYal B cebst Gosee IeTaabHOE pac-
cMoTpeHne chopMMUpoBaBUIMXCS M HOPMUPYIOLIVXCS TeHIeHIMIA CCTe-
noBaHuii o rnomyyeHuu III'A n3 nuILeBbIX OTXOAOB, a TAK)Ke CpaBHEHME
C oTIpe/ie/IeHHbIMY OGIMMM HaIPaBI€HUSIMM VCCTIeOBAHMIA.

2.1.2. AHanu3 KoHeuHoll 8b160pKU

BubmomeTpyyeckass KapTa BBIGOPKYM HAyYHBIX MCCIELOBAHMIA, I0-
JIYYeHHOJi 1ocie 06paboTKM COMIACHO IpPEeNCTaBI€HHON paHee cxeMme
PRISMA, mpencraBieHa Ha pucyHke 4. Busyanmsauysi BbIGOPKU TIpef-
cTaBisieT co60il TPM KPYIMHBIX K/IacTepa, Takke OYEBUIHO HEKOTOPOe
CMellleHMe B CTOPOHY 3eJIeHOro Kiactepa. Habmomaercs: 3HaUMTeIbHAS
KOHKPeTM3alysi KpUtepust 00beIMHEHMSI TEDMUHOB B KJIACTEPHI, B TO JKe
BpeMs, OCHOBHbIE TeH/IEeHLIMM, BbISIBJIEHHble Ha IEepBUYHON BBIOODKe,
OCTAIOTCS AKTyaIbHBI.

CuHumit knacrep, chopMUPOBaHHBIN U3 14 TepMUHOB, MPOLOIKAET
OTMeUeHHOe paHee HalpaB/eHVe 00X, Ia60PaTOPHBIX UCCIeS0BaAHMIA

2012

2014 2016 2018 2020

PucyHok 3. BubnmomeTpuyeckasi KapTa myo/JIMKanuii B IpesMeTHO# o61acty noiaydenus IIT'A ¢ pacnipegesieHemM
1o cpegHeMy roay myoankanmii (MacTpymenTapuii: VOSviewer, meton: Keyword Co-occurrence)
Figure 3. Bibliometric map of publications in the subject field of PHA production with distribution by average year of publications
(tools: VOSviewer, method: Keyword Co-occurrence)
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PucyHok 4. BuGnomeTpuyeckasi KapTa MyoIMKaIMii B IpeiMeTHOI o61acTu nosydyenus [ITA u3 nuieBbIX OTXOI0B
B cooTBeTcTBUM €O cxemoit PRISMA (uucTpymenTapuii: VOSviewer, meton: Keyword Co-occurrence)
Figure 4. Bibliometric map of publications in the subject field of PHA production from food waste according to the PRISMA scheme
(tools: VOSviewer, method: Keyword Co-occurrence)

nonyuenust [ITA, v 6raromapst BU3yaausanyy BO3MOXHO 6ojiee TOUHOe
ompenenenne (oKyca BHMMaHUS uccienoBateneii. Haubonee cuiib-
Hble CBsI3M Ha6II0aeTcs y 4acTo BeTpevaromnyxcst repMmmuHoB effect (33
MoBTOpeHuUs, cuiaa cBsa3u 88) u analysis (38 moBTOpeHMIt, cuiia CBSI3U
103), uTo mMOATBEpPXKIAET OOIIyI0 TPYIIUPOBKY TEPMUHOB KiacTe-
pa 1o TemMe M3y4yeHMUs] U UCCIeNOBAHMS TIONMMepa, ero COMoIMEepPOB,
KOMIIO3UTHBIX MaTepHrayioB. 3HAUUTEIbHOE BHMMaHMe IPUBJIIEKAeT
U3yuyeHye BO3MOXHOCTU IOayuyeHMs1 nonuruapokcupanepara (I1I'B)
u nomuruapokcubytupata (II'B). Kak 0CHOBHbIE XapaKTePUCTUKY ITPO-
1ecca Moay4YeHMsl IoIMepa M OLeHKM ero KayecTB B MCCIeIOBaHMSIX
MOXKHO OTMETUTh TaKue TePMMHBI KaK MeXaHuyeckyue CBOWCTBA, Cyxast
Macca KJIeTOK, eqVMHCTBEHHbII MCTOYHMK YIVIePOAa, IMTaMM GaKTepuit
(mechanical property, cell dry weight, sole carbon source, bacterial
strain). AHanM3MpPysl CMHMIT KIacTep Ha KapTe ¢ OTOGpakeHueM Cpeji-
Hero roja my6amMKanyii, MOKHO OTMETUTb CMeIleHMe MCCIeNOBaAHMUI
¥ BOTIPOCOB, CBSI3aHHBIX ¢ 6aKkTepuaabHbiMu mtamMmmamu (2017 r1.) u co-
noaumMepamu (2017 r.) k IIT'6 (2018,77) n IIT'B (2018,77) u nanee Kk mexa-
HUYeCcKuM cBoiictTBam (2019,67).

KpacHbiit knacrep, comepskamyii 12 TepMMHOB, Kak ¥ IIPU BU3YyaIu-
3aIUY IePBUYHOI BBIGOPKH, UILTIOCTPUPYET BOIIPOCHI, CBSI3aHHbBIE C BbI-
60poM chIpbs AJis mpousBoacTBa IIIA. KpoMe TOro, BbIe/I€HbI TEPMU-
HbI, XapaKTepusylollue mpoiiecc mpousBonactsa I[IIA (pha production,
energy), yIydllleHre KadecTBa ChIpbsi (anaerobic digestion) u ero Ba-
nopusaiuio (valorization). B KpacHblif K/IacTep TaKKe BKIIOUEHBI Tep-
MWHBI, OMMNCHIBAIOIINME CIIOCOOHOCTh TMONMMEpPAa K OMOPa3JIOKeHUIO
(biodegradability, degradation). B kpacHOM kiacTepe OTOGpaskeHbI He
TOJBKO O01IVe TePMMHBI, ONMChIBaOLIVe BTopuuHOe cbipbe (food waste,
biowaste), HO ¥ KOHKpeTHbIe TIPUMEPHI ChIPbSI, paCCMaTPUBAEMbIe B MC-
crepoBanusix (glucose, volatile fatty acid, lipid). ['iokosa BbicTymaet
KJIACCMYECKUM ChIpbeM 11 rtonydeHust [II'A v o3BoOJISIeT MOoMy4YaTh BbI-
COKMe€ BBIXO/IbI TIO/IMMEPA, HO 3HAUUTETHHO YBEIMYMBAET €r0 CTOMMOCTb.

ISl CHVDKEHMSI KOHEYHO CTOMMOCTM TIOJIMMepa, B KauecTBe TMepCriek-
TUBHOTO ChIPbSI paCCMaTPMBAIOTCS MUILIEBbIe OTXObI, OHAKO Ha KapTe
He OTOOpakeHbI TaKue MUIIEeBbIe OTXOAbI KaK: MOJOYHAsl ChIBOPOTKA,
oTX0fbl GPYKTOB M OBOINEN, KODEHHBIX KMBIX U Opyrue. Takum o6pa-
30M, MOXKHO YTBEP3KAATh, YTO pAaCCMOTPEHME JaHHBIX TUIIOB ChIPbSI HAX0-
IIATCSI B HAYAJIBHO CTaAyM, ¥ MOKHO IIPEATIONOXKUTD, YTO (HOKYC Mccie-
JIOBaHMI MUIIEBbIX OTXOJOB ITOCTEIIEHHO OYJeT CMEIaThCs OT 001Iero
MU3y4YEHUS K BbISIBJIEHMIO KOHKPETHBIX TUIOB BTOPUUYHBIX PECYpPCOB. ITO
TaKke MOATBEPKAAeT PYCYHOK 5, Iie 3aMeTHO JBVKEHVE OT TEPMUHOB
pha production u volatile fatty acid (2016,93 u 2017,25 rT. cooTBeTCT-
BeHHO) K glucose (2018 r.) u manee k food waste u valorization (2019,55
1 2020,40 IT. COOTBETCTBEHHO).

TecHast CBSI3b TEPMMHOB KPaCHOTO U 3€JIEHOTO KIacTepa Takke Mpo-
CJIeXMBAETCSl B KOHEYHOIH BbIGOpKe. OJHaKO KOHKPEeTU3aIysi BI6OPKYU
HECKOJIbKO MeHsIeT 001iee coepykaHue Kiacrepa, OTHANSS ero OT 9KO-
HOMMUECKOJ ¥ MPOM3BOACTBEHHOM TeMaTUKI. 3eJIeHbli KacTep BKIII0-
yaeT B ce6s1 16 TepMUHOB, ONMMUCHIBAIOLINX CJIOKHOCTY, BBI3OBBI U 3(]-
(hexTbI, CBSI3aHHBIE C TIOMUTUAPOKCHATIKAHOATAMM. [10 IepeuncyieHHbIM
B KJIacTepe TepMMHAM, MOXHO IPeJIoNokKNUTb, UTO B obuem I1TA Bu-
IISITCSI VICCIeIOBATeNsIM KaK MePCIIeKTUBHBIN 3KOIOTMYHBIN TOIMMep
C pSIAOM TPEeMMYILIECTB, CPABHUMBIA ¢ tuiactukamu (plastic — 50 ymo-
MMUHaHUI).

Takum 06pa3oM, Busyanusauus ¢ npumeHennem VOSviewer 1mo3Bo-
JIMIa BBISIBUTH TPU OCHOBHBIX HAINpPaB/IeHMs] HAYYHBIX MCCIeNOBaHUIT
[T'A, a TaxoKe UX MOTy4YeHNs U3 MUIEBBIX OTXOLO0B:

1. Uccnenosanue u uszyuenue I1I'A, 1abopaTopHOe NoNy4YeHMe Moaume-
pa, ero COTOMMMepPOB U OIleHKa X MeXaHNYeCKMX CBOCTB.

2. TluineBbie OTXOMAbI Kak Chipbe 1jist momyuenust I1IA: usyueHne BUIOB,
yAy4IIeHMe KayeCcTBa ChIPhsl, BATIOPU3AIIUSI.

3. Bbi3oBbl U 3¢ dekTsl npumMenenus: [I'A, MpousBOACTBO IMOaMMepa,

MPOTHUBOIIOCTABJIEHNE WV CPaBHEHME C TUIACTUKAMMU.
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PucyHOK 5. BubnmomMeTpuyeckast Kapta IyoamMKanuii B IpegMeTHOIi o6/1actu nmosryaeHus [IT'A ¢ pacnipeziesieHeM 0 CpegJHeMY
roay nyGaAMKanuii B COOTBETCTBUM €O cxemoii PRISMA (uuctpymenTtapumii: VOSviewer, merop: Keyword Co-occurrence)
Figure 5. Bibliometric map of publications in the subject field of PHA production with distribution by average year of publications according
to the PRISMA scheme (tools: VOSviewer, method: Keyword Co-occurrence)

JInst Kaxk[Ioro U3 BbIJeIeHHbIX HAIpaBlIeHWUi UCCIeJOBaHMIT ObUI
IpoBeJeH Goyiee NeTaNbHbI aHAIM3 C IIeJbI0 OIpefeseHNs] OCHOB-
HBIX Pe3y/lIbTaTOB, CJIOXKHOCTE, a Tak)Ke ITepCIIeKTUBHBIX BUIOB ChIPbS
¥ 71a60paTOPHBIX MMOAXOMOB [Jjsi monydeHus IITA. 3HauuTenbHOE
BHMMaHMe GbIIO YAEeJeHO TeKYIei CUTyal[Uuu ¢ pousBoacTsom [1TA
B Poccumn.

3. OTXO0AbI NUIIEBOI MPOMBIIIIEHHOCTY

¥ arpoNnpoMBINIIEHHOTO CEKTOPa KaK ChIpbe

niis nonyuyeHus [ITA

Tom60p [eIeBoro 1 9KOJOTMYeCKy 6e301aCHOTO ChIPbST IJIST TPOM3-
BozcTBa [IT'A MokeT 06ecrneunTh 3HaUNTETbHOE CHUKEHE CTOMMOCTH
Ha KOHEYHbBI! MOIMMepHbI TpoayKT. KpoMe Toro, yuntsiBasi oco6eH-
HOCTU 6mocuHTe3a IITA, OTKPBIBAIOTCS BO3MOXKHOCTY €ro IPOU3BOI-
CTBa C TNPUMEHEHMEM MPUHILMUIIOB 5KOHOMMKM 3aMKHYTOTO ITMKIIA.
B cBs13M € 3TMM, 3HAUMTEIBPHOE BHUMMAaHNE B KAUECTBe IOTEeHIMaTbHOTO
CBIPbsI [IJIS TIPOU3BO/CTBA IPUBJIEKAIOT OTXOMbI MMUIEBOI U CEITbCKO-
XO3S/ICTBEHHO! MPOMBIIITIEHHOCTH. [IpefnockikaMu K 3TOMY BBICTY-
raeT, B MEPBYI0 Ouepelb, OGOJbIIOE UX KOJIMYECTBO, HEOOXOMMMOCTH
9KOHOMMYECK!M BBITOJIHOI MepepaboTKM U TOCTYIHOCTb. Bosee Toro,
crienuanbHOe BhIpAIIMBAHME ChIPbS JISI TPOM3BOJCTBA GMOTIONMMEDPOB
(HampuMep, KyKypy3bl), MOXKET OKa3bIBaTh HETaTMBHOE BO3MEiCTBIUE
Ha 9KoOTMI0 (POTOXMMUUECKUII CMOT, 3BTpODUKaLIys U 3aKuCIeHNe
MOYB) a TaKke JeMOHCTPMPOBATh HEpalMOHAJbHOE MCIIOIb30BaHME
MUIIEBBIX pecypcoB [7].

K cpipbio myst mpousBopctBa IT'A 6butM chOpMYyIMPOBaHbI CIIEYIO-
mue Tpebosanus [8]:
1. ChIpbe DO/KHO 6bITh BO3OGHOBISIEMO 6110MAaCCOit, UTO TO3BOINT 13-

6esxaTh HETATMBHOE BO3/IEICTBIE HA OKPYXKAIOIIYIO CPeny.

2. CTOMMOCTb ChIPbSI IO/DKHA ObITh MYUHMMAJIbHA, UTO 0OECIIeUUT CHIKE-
HIM€ CTOMMOCTY €r0 IIepepaboTKM 1 TPOM3BO/CTBa KOHEYHOTO IIPOYKTA.

3. CbIpbe JOKHO ObITh JIETKOAOCTYITHO [JIs1 TPOM3BOACTBA, YTO MO3BO-
JINT CHU3UTD TPAHCIIOPTHBIE M3OEPXKKM M TaKXKe YMEHBIIUTb CTOU-
MOCTb KOHEYHOTO MPOAYKTA.

4. CbIpbe JODKHO ObITh 6OTaTO YIJIEPOLOM, UTO 06ecrieunT 6osee BhICOKME
CTereHM KOHBEPCUM ChIPbsi MUKPOOPTaHM3MaMy B KOHEUHBI TIPOIYKT.
B kauectBe cbIpbs Ojsi nipomusBopacTBa IIIA paccMaTpuBarOTCS He-

CKOJIBKO TPYIIIT OTXOJOB: CTOYHbIE BOAbI, CbIPOV IIMULIEPUH, arpoIpo-

MBILUIEHHbIE OTXO[bI, OTXOAbl >KMBOTHOBOZICTBA, IMILEBbIE OTXOZBI.

Cpeay nmuIIEBbIX OTXOJOB OCHOBHBIM ChbipbeM Ajisl Npom3sBopacTBa [MTA

paccMaTpuBaloT:

0 6orarple IUMUAAMM OPraHUUECKYe OTXOAbI: OTPABGOTaHHbIE KyIMHAP-

Hble Macja, OJIMBKOBbIE U MOACOTHEUHbIe BbIKMMKM, CTOUHbIE BOZbI

MaCJISTHBIX IPOM3BOLACTB, OTXOZbI JKMBOTHOTO XX¥pa U IpyTue;

OTXOJIbI MOJIOUHOJ MTPOMBIIIIJIEHHOCTH: CbIBOPOTKA;

OTXO[bI ITepepaboTKM (PPYKTOB 1 OBOIIIE : BBDKUMKM (PYKTOB, JKMbIX;

OTXOJbl CaxapHOi IPOMBIIIJIEHHOCTU: MeJacca, 6eracca, CTOYHbIE

BOJbI CAXapHBIX MPOMU3BOACTB;

oTx0bl Koe (KoeiTHbIX JKMbIX);

OTXO[IbI IPOM3BOCTBA KpaxMmara;

CTOYHbIE BOZIbI arPOIIPOMBIIIJIEHHBIX Y IIMIIEBBIX TPOU3BOACTB.

Takke B KauecCTBe CbIpbs s TIpou3BoacTBa [1'A akTMBHO paccma-

TpUBAeTCsl opraHmyeckas (Gpakiusi TBepAbIX ObITOBBIX OTXOHOB [9].

J[Ipyrue TOTOKYU OTXOMOB, Takue Kak (GUIbTPAT M3 KOMIIOCTHOI IPO-

MBILIJIEHHOCTU U TOPOJICKME CTOUHbBIE BOABI, MOTYT ObITh PACCMOTPEHBI

nuist mpousBoacTsa III'A, HO ciefyeT OTMETUTD, YTO 3TY ITOTOKY OT/INYa-

I0TCSI CJIOYKHOCTBIO B IIPOLieccax MOATOTOBKYU U OUMCTKY U3-3a BBICOKOTO

coIepskaHys a30Ta M HaIM4usl TBepabix yactuy, [10].

O00 00O

35



Kuznetsova A. P. et al. | FOOD SYSTEMS | Volume 7 No 1 | 2024 | pp. 31-43

3.1. TTodxo0bt k nonyuenuio IITA 8 1a60pamopHbIX YCA08UAX

[ITA MoryT GBITh MOTYYEHbl TPEMSI Pa3INYHBIMU CIIOCOOAMM, BKIIIO-
yass pepMeHTaTMBHBIN KaTaaus, CMHTe3 B FeHeTHYeCKyu Momgubuumpo-
BaHHBIX PACTEeHUSIX ¥ MUKPOOGHYIO dhepmeHTaumio. Cpeay rmepeuncieH-
HBIX METO0B MUKPOOHast hepMeHTaLus 6buta mpu3HaHa 3GGeKTUBHBIM
I10AXO0N0M AJis TponsBozacTsa PHA [11].

CyliecTByeT TpU OCHOBHBIX ITyTH TTpou3BoacTBa PHA Mukpoopranms-
mamu [11]:

1. Ilyts I: mpeBparuenne auetnn-KoA B 3-ruapokenbytupuia-KoA;
2. Ilyts II: merpajauysi SKMPHBIX KUCIOT II0 MEXaHU3MY [3-OKMUCIeHNS;
3. IyTb III: 6MOCUHTE3 KUPHBIX KUCIOT.

Iytu I n III mcnonp3yroT mpurogHbie st dbepMeHTauuyu caxapa,
B TO BpeMs Kak IyTh I 3ameiicTByeT >XupHble KUCIOTHI AJIS CBOEro po-
cra u npousBofcTia [I'A. B ¢BsI3U ¢ 3TUM, OTXOZbI, COLepKalye caxapa
¥ KMPHBIE KMCIOTBI, aKTMBHO PacCMaTPUBAIOTCS Kak JIeLIeBblii 1 JOCTYTI-
HbI/l MCTOYHUK YIVIEPOAA [JIsl CMHTEe3a IMOJMMMepPOB. B cpemHeM, BbIXOZ,
[ITA fy1st cy6CTPaTOB C JKUPHBIMU KUCTOTAMY M CaxapaMi OTIpeesIeTcst
kak 0,6-0,8 r/r 1 0,3-0,4 1/1, cooTBeTCTBEHHO [12]. Kpome TOTO, CKOpOCTH
ripon3sBozctsa [1I'A 3aBUCUT He TOTBKO OT TUIIA MCTOYHMKA YIJIepoza, HO
¥ OT KOHLOEHTpaUuuM MUTAaTe/bHbIX BEIEeCTB U MeTa60II]/I‘IECKI/IX nyTeﬁ
dbepmeHTUPYIONMX MUKPOOPraHu3MoB [11].

MuKpooprannsmMbl, B OCHOBHOM, pofoB Ralstonia (Cupriavidus), Bur-
kholderia, Bacillus, Allochromatium, Pseudomonas u Methylobacterium
LIMPOKO M3y4eHbI [Jisl Mpou3BoAcTBa PHA myTem mcronb3oBaHus pas-
JIMYHBIX MICTOYHMKOB yIaepopa 13 orxonos [12]. IIpuMepbl HEKOTOPBIX
Hambosee MPOOYKTUBHBIX MITAMMOB IO TUITY OTXOOB C yKa3aHMEM BbI-
X0[1a rmoumMepa npezacrasieHsl B Tabmuue 1.

Hawubonpive o6beMHbIe BBIXOIbI MONIMMepPA MOXXHO OTMETUTD B CITy-
Yasix C VICIOJIb30BaHMEM B KauecTBe CyOCTpaToB:
U BMHOrpafHOrO KMbIXa, KaK B CIyyae C IpoBeJjeH/eM 9KCIIepUMEeHTOB
B GuopeakTope (21,3 r/1) u npu 1a60paTOPHOM KYIbTUBUPOBAHUMU
B Koyibax dprienmeiiepa (6,4 r/1);
0 sKMbIXa caxapHOro TpocTHMKA (6,38 1/11), 1abopaTOpHOE KYJIbTUBUPO-
BaHMe;
0 sKCTparMpoBaHHOTO KOGhEITHOrO Mac/ia U3 0TpaboTaHHO KOoeliHOoi
ryuiu (49,4 r/m), 1a6opaTopHOe KYJIbTUBUPOBAHME;
0 cTouHbIX BOJ TMPOM3BOACTBAa Kpaxmana maHuoku (3,346 /1), 6uo-
peaxTop.
3HaueHMs], IOMyyaeMble B Pas3IMUYHbIX HAy4YHBIX MCCAEIOBaHUSIX,
CWJIBHO BapbUPYIOTCSI, UTO TAKXKe CTaBUT I10J], COMHEHYe BO3MOXKHOCTb UX
BOCIIPOM3BeNeHMs WV MacITabypoBanysi. OfHAKO MOKHO YTBEPKIATh,
YTO aJIbTEePHATVBHBIE VICTOYHMKY ChIPbSI, TAKME KaK IMIEeBble OTXObI,
BBICTYIIAIOT TIEPCIIEKTVBHBIM ChIpbeM s Tionydenust I1TA, B 0coOGeHHO-
CTH, B CJTy4ae of60pa ONTUMAIbHBIX YCIOBUIA KyIbTUBUPOBAHMS U TIPU
paspaboTKe MpoIenypbl MaCIITAGMPOBAHNS, UYTO B CBOIO OYepens Tpedy-
eT IIPoBefleHNsI JOTIOMHUTENbHBIX MCCIeJOBaHMIA.

3.2. CmouHvle 800bl azponpoMblULIEHHBIX U NUUEBIX NPOU3BOOCNE
CroyHble BOABI MUILEBBIX ¥ arpoOIPOMBIIITIEHHbIX IIPOM3BOJCTB pa3-
HSITCS 110 COCTaBY, KOTOPBIi 3aBUCUT OT ITPOM3BOICTBEHHBIX (GaKTOPOB,
TaKMX KaK Macmtad v Bup IponyKumu (GpyKThbl, MOJOYHbIE TPOLYKTBI,
MaciIo, OBOILY, MsICO). BbIIESIOTCS 1BA OCHOBHBIX ITyTM MUKPOGUOIOT M-
yeckoro cuHresa I[IT'A: ¢ ucronb3oBaHMeM caxapa B KaueCTBe MCTOUHMKA
yryepona Uiy ¢ pyuMeHeHMeM KMPHBIX KMCIOT B KayecTBe MCTOUHMKA

Ta6muua 1. 06061eHe IITAMMOB ¥ TUIIOB OTXOJ0B, IPMMEHSI€MbIX B KaUeCTBe ChIPbs /i moxyuyenus IITA
Table 1. Summary of strains and waste types used as a raw material for PHA production

Coipbe

CTOuHbIE BOJIbI TIMBOBAPEHHBIX 3aBOJOB

CrouHbIe Bozbl GabpyuKu
IIOKOJIA/IHBIX GATOHUMKOB

ChbIpHast CIBOPOTKA (MCTOYHMK YI/Iepozia — JIAKTO3a)

CbIBOpPOTKA CbIpa PUKOTTA

Coip Yenpep/coiBopoTka [Tanup

CTouHble BOJbI IPOM3BOJCTBA KpaxmMasa MaHMOKM
¢ orpaboranHbIM MaciioM (fried oil)

Cassava starch waste (BOJJOKHMCTbIE OTXOZBI U CTOKY
C BBICOKUM COZIepKaHMeM Kpaxmasa/yriepoza)

Cassava starch
(KpaxmaJl MaHMOKM/KaccaBbl)

Cassava starch waste (OTXOfibI TIPOM3BOAICTBA

KpaxmaJjia MaHMOKV/KacCaBbl)

CTOYHbBIe BOJIbI 3aBOJOB 110 IIPOU3BOACTBY
OJIMBKOBBIX Maces

Tmaponusat oTpaboTaHHO KOQeitHo TyIm

DKCTparupoBaHHoe KodeitHoe Macyo
13 0TPabOTaHHOII KodeitHOo Iy

JKMBIX caxapHOTO TPOCTHMKA C JOGABI€HNEM
KyKypPY3HOTO KPYTOTO JIMKEpa (corn steep liquor
(CSL)) 1 0TpaboTaHHOTO 3KCTParupoOBaHHOTO Macia
13 KOQefHbIX 0TXOL0B

BuHOrpaHbIi XMbIX

IlItamMmM, KyJIbTUBUPOBAHME BoIxoz mommepa VcTOYHUK
Cupriavidus necator 0,022 r ITI'B/(ir*a) [13]
CMelaHHast Ky/lbTypa U3 a3po6GHOTr0 0Caika IIPOU3BOACTBA 4 *
10 OYMCTKe CTOYHBIX BOJ, IOMUHMUPOBAJ POf, Amaricoccus, ngs_l(lglogl;ﬂ;?{g}n‘;) [14]
610peaKTop T
CMmelraHHast Ky/IbTypa 13 epMeHTHMPOBAaHHbIX CTOYHBIX BOJ, 0.5 r TITA/(1*4)
¢ abpmKM 1O TPOU3BOACTBY IOKOIAJHBIX 6aTOHUMKOB Mars, (d 70%0.05 /1) [15]
nmoMuHUpoBas pop Plasticicumulans acidivorans, GuopeakTop R
Alcaligenes latus, 6uopeakTop 0.11 r /(r*y) [16,17]
CMenIaHHast MMKpPOOHas Ky/IbTypa, 6110peakTop © Sglgnggncz;e)am) [18]
B-eanakmosudaza ompuyamenvHolil, npomeasa u aunasa 0.05 r /(1*4)
nosoxcumensHolii usonsm Bacillus megaterium wmamm Ti3 @ 20+0 11 1/m) [19]
(panee Ha3vleaemslli Bacillus sp. Ti3), kon6el IpaeHmeiepa e
1,64+0.04 r/n
P. aeruginosa L2-1, kon6bl DpeHMeiiepa (39% IIT'A ot cyxoro [20]
Beca KJIeTOK)
1.521/n
Halogeometricum borinquense, Kon6sl dpieHMeltepa (44.70% r IITA oT cyxoro [21]
Beca KJIeTOK)
0,935 r/n
Pseudomonas aeruginosa, Konosl dpieHmMeliepa (57.70% r IITA oT cyxoro [22]
Beca KJIeTOK)
Bacillus tequilensis MSU112, 6uopeakTop 3,346 1/n [23]
Pseudomonas putida KT2442, xon6s1 dpreHmeriepa 5,16+0,23 r/n [24]
Lampropedia hyaline and Candidatur meganema perideroedes,
6MOpeaKTop 0.189 r/n [25]
Azotobacter chroococcum H23, konb6bl DprneHmeriepa 1.518 r/n [26]
Halomonas halophile, kon6bl dpaeHmeiiepa 0,95 r/n [27]
Cupriavidus necator H16, Konobl dpieHMeiiepa 1 gg :}/g Zlq) [28]
Pseudomonas resinovorans, Kon6s! DpieHMeliepa 1.61/n [29]
Lysinibacillus sp. RGS u Ralstonia eutropha ATCC17699,
KOJIOBI DprieHMeliepa 6,38 /1 (30]
Pseudomonas resinovorans, 610peakTop 0 S; E/(r){ J,:q) [31]
+
C. necator, Kon6bI DpreHMeliepa 06’141_7 11]/%1{@) [32]
C. necator, KoI6bI DpreHMeliepa 1.21/n [33]

OTpaboTaHHOE KyJTMHAPHOE MACIO JIJIsl SKapKu
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yriuepoga. Takum 06pa3om, CTOUHbIE BOJbI, COAEpIKAIMe caxapa 1 SKUp-
Hble KMUCIOTBI, BHICTYIIAIOT B KaUeCTBe MepPCIeKTUBHOTO ChIPbsI AJISI ITPO-
n3BopacTia [IT'A. B HacTOsmIMIA MOMEHT, B KaUeCTBe ChIPbsI [IJISI U3TOTOB-
nenust [IT'A paccMaTpuUBaIOTCS C/I@AYIONIVe TUTIBI CTOUHBIX BOJ, IIUIIEBBIX
TIPOMU3BOACTB [34]:
CTouHble BOIBI NMMBOBAapeHHbIX 3aBONOB (Brewery wastewater, Beer
Brewery wastewater);
Crounble Boabl habpuK mo mpousBoacTBy KoHdeT (Candy bar factory
wastewater);
ChIBOpOTKa ITpy Ipoun3BopcTBe chipa (Cheese whey);
CrouHble BOJbI IIPOM3BOACTBA Kpaxmasa maHuoku (Cassava starch
wastewater);
Kodeitnoe maciio 3 oTxonoB kodeitHoro mpoussozctsa (Coffee waste
oil, Spent coffee grounds oil);
Bopa u3 nporeccos niepepa6orku Gppykros (Fruit processing water);
Bopa m3 mporeccoB 06paboTku 6060BbIX KyabTyp (Leguminous pro-
cessing water);
CrouHble Bofbl MpousBozacTBa Mosoka (Milk processing wastewater);
CrouHble BOIbI MPOM3BOACTBa MopokeHOoro (Ice-cream processing
wastewater);
CTOo4HbIe BOABI MaCIMYHBIX TPOM3BOACTB (OIMBKOBOTO Macja, Majb-
moBoro macia) (Olive-mill wastewater, Palm oil mill effluent).
Iy momydeHus I1T'A 13 CTOUHBIX BOJ, MCIIO/Ib3YIOTCS KK UMCThIE, TAK
¥ CMeIllaHHble KyJIbTypbl MMKPOOPraHM3MoB. IlocienHue NpuBiIeKaoT
6osibllle BHUMAaHUSI B CBSI3M C TMOBBILIEHMEM KOHKYPEHTOCIIOCOOHOCTU
nponsBozcTsa [IT'A 3a cueT CHMKEHMSI CTOMMOCTH ITPOLIeCCOoB (3aTparT Ha
o6opynoBaHue U SHEPTHUIO). [Ipu UCIONb30BaHME CMENIaHHBIX KYJIbTYD
He Tpe6YIOTCSI CTepuIbHbIE YCIOBUSI ¥ MOTYT OBbITh 3afe/{CTBOBAHBI fie-
1ieBble HM3KOKaUeCTBEHHbIE CYOCTPAThI, TAKME KaK CTOYHbIE BOMbI. Kpo-
Me TOT0, OTMeuaeTcss BO3MOXKHOCTb IIPUMEHSTh B KauecTBe CMeIlaHHOM!
KYJIBTYPbI aKTVBHBIN MJI CTOYHBIX BOZ,. TO eCTb, B ITepCIIeKTHBe BO3MOXKHA
MHTerpauyst npoussozctsa III'A B mpo1eccsl OYMCTKY CTOYHBIX BOZ, [35].
Tem He MeHee HECMOTDSI Ha TO, UTO CMeLIaHHbIe KYJIbTYPbI TI03BOJISIOT
MoJTy4YaTh JOCTATOUHO BhICOKME BbIXoAbl [IT'A, TaKkoii MOAXOM He obecrie-
YyyBaeT 06pa3oBaHMe BbICOKOOZHOPOAHBIX MOIMMEPOB, IPUTOAHbBIX JJIS
JCIIO/Ib30BaHUS B MeIuIIMHe 1 dhapMatieBTuKe. Kaskmblit BU/I, BXOOSIINIA
B CMEUIaHHYIO KyJIbTYpPY, IPOU3BOAUT MOAMMED C Pa3aNIHO MOISIPHOM
Macco¥, KpUCTA/UIMYHOCTBIO ¥ C Pa3HBIM MOHOMEPHBIM COCTaBOM, CO-
37aBasi COMOMMMeEpPBI Pa3AMYHOrO KauecTBa. Kpome Toro, coctaB KoHe4-
HOTO [TOIMIMepa BapbMpPyeTCsl B 3aBUCUMOCTY OT M3MeHEeHMsI CbIpbs [36].

0O 00 OO0 0O OO0 O O

3.3. Opeanuueckue 0omxodsl, 60zamoie AUNUOAMU

B EBporte eskerofHo noTpebisieTcst 0kKoio 17 MWIIMOHOB TOHH pacTiu-
TeTbHBIX MACe, Y C KAXKIbIM TOJJOM 3TO KOJIMYECTBO YBEINUMBAETCS IIPU-
MepHO Ha 2% [37]. ITo oueHKaM mcciienoBaTeeii, eXXerogHoe KOIn4ecTBO
0TX0[0B Macia ajis xkapku B CHIA cocrasisiet ot 1,2 1o 3 MwiinapnoB
TaJIJIOHOB B IOf, a B SImoHMy — 4—-6 MJIH TOHH B rof, [38]. icxops u3 aToro,
MO3KHO CJIe/IaTh BBIBOJL, O TOM, UTO PeCypChbl OTPAboTaHHOTO HPUTIOPHOTO
Macia oueHb Benuku. Tem He MeHee, B cTpaHax EC He mpoBoamiocs Bce-
CTOPOHHEro MCC/IeAOBaHMS MOTEHIMana OTpaboTaHHOrO (GPUTIOPHOTO
Macia, a c60p GpUTIOPHOro Macjia MOKET ObITh 3aTPyIHUTEIEH.

B Poccuy BBUIY OTCYTCTBMSI PaszfebHOroO c6opa OleHKa TOYHOTO KO-
JINYEeCTBA OTXOJOB (PPUTIOPHOTO Macsa MPeACTaB/SIeTCs] 3aTPYIHUTENb-
Holt. OHaKO OTBETCTBEHHbIE ITPOM3BOAUTENM CTPEMSITCSI IeperaBaTh
BTOPUYHOE ChIpbe Ha epepaboTky. Harmpumep, «BkycHo — 1 Touka» exe-
TOJIHO CHAeT Ha mepepaboTKy okosio 5000 ToHH GpUTIOPHOTO Macia (4To
MOKHO OLIeHUTB B 6osiee, yem 80 skesie3HOJOPOKHBIX LMcTepH). [Ipy aTOM
3000 TOHH OTTpaBJIsIeTCs Ha TIoyyeHne 6uonusens, a emre 2000 TOHH Ha
repepaboTKy B XO3s1/iICTBEHHOE MbIJIO M CMa304Hble MaTepuasbl. Takke
KOMITaHUSI pa3pabaThiBaeT MUIOTHBIN MPOEKT Mo mepepaboTke Kodeii-
HOT'O >XKMbIXa. B HacTOSIIMII MOMEHT, IPOEKThI peannsyloTcs B Mockse,
HO IUIAaHMPYeTCsI UX MacliTabupoBaHue.

VTBepKAAeTcs, UTO ChIpble ¥ OTpabOTaHHBIE PACTUTEIbHbIE MACia,
BKJIIOUAsT OTPaGOTaHHOEe MaC/IO ISl KapKu, MOTYT ObITh MCIIOTb30BAHbI
B KauecTBe CbIpbs 7151 mpoussozcTaa [1T'A [39].

VccnenoBanust [aBHO mokasanu, uto Cupriavidus necator Mosxet
npousBoguTh [II'B 13 orpaboTaHHOrO Macia sl KapKu, C KOHIIEHTpa-
LMeit, aHaJIOTMYHOM TOJA, UTO GblIa TIONyYeHa M3 IIOKO3bI, & MMEHHO
1,2 r/n [39]. HenaBHMe M3bICKAHMSI MIOATBEPKIAIOT, UTO OTpaboTaHHOe
MacJIo ISl KapKy MOXKET CTaTh cybcrpaTom u ayist Halomonas neptunia
u Halomonas hydrothermalis, ipuuyem H. hydrothermalis criocobeH mpo-
MU3BOAUTD COTIONUMED 3-TUAPOKCUOYTUpPATa U 3-TUApOKCHUBaepaTa. [Tpu
3TOM IIpU UCIIOJIb30BAHMM BajiepaTa B KauecTBe IpeKypcopa mois 3HV
B COTIONIMIMEpe TOCTUIVIA BLICOKUX 3HaueHui — 50,15 moin.% [40].

[pu npumenennn mrramMmma Bacillus thermoamylovorans njist iory4eHust
[T'A 13 0TpabOTAaHHOTO KYJMHAPHOTO Mac/ia Py ONMTUMAJIbHbIX YCIOBUSIX
6bUIO0 TTOTy4yeHo 3,5 + 0,1 /71 monumepa, YTO COOTBETCTBYET 87,5% Cyxoit

Macchl KIeTOK. DTO GbIJIO OCTUTHYTO IyTeM BHeceHus 4% (w/v) orpabo-
TAaHHOT'O Ky/IMHAPHOTO Mac/ia B KaueCTBe MCTOYHMKA YIVIepozia TPy TeMIle-
partype 45 °C u 150 06/MuH B TeyeHue 48 4 Py MeprogueckoM KyJIbTy-
BMpOBaHMM. B nccienoBanmy, nomydeHHslit nonumep [(3IB- co —3I'B) 6611
JCTIONb30BaH B KAUECTBE ChIPbSI AJIs1 GuoTorumBa [41].

CrouHble BOJIbI 3aBOJIOB I10 IPOM3BOJCTBY OJMBKOBOIO Macjia — OLVH
Y3 OCHOBHBIX ITOGOYHBIX INPONYKTOB 3KCTPaKLMM ONMBKOBOIO Macia,
BpeNeH il OKpYysKalolleii cpefbl, 0COOEHHO ISl TOYBEHHBIX MUKPOOP-
raHM3MOB U BOJHBIX OPTaHM3MOB.

BONBIIMHCTBO Cpei3eMHOMOPCKMX CTPaH-IUEPOB 110 IIPON3BOLICTBY
OJIMBKOBOTO MacIa CTPafAlOT OT SKOJIOTMUYECKMX ITPOobIIeM, CBSI3aHHBIX CO
CTOYHBIMM BOJIaMM 3aBOZ0B I10 IIPOV3BOACTBY OJIMBKOBBIX Macern [42-44].
B Vcnanum KOMMYECTBO OTXOOB COCTaBsIeT 5 MIH M3, TIpobema Takke
saTparuBaeT ®panuyio, Uramuio, [Topryranuio, Typumio u TyHuc [24].

Beicokoe conepykaHye GpeHONIOB, BHICOKAS XMMMUIeCcKasi MOTPeGHOCTh
B KMCJIOPOZIE M TEMHbBIN LIBET JeNaloT MPo6IeMaTUUHbIM MOJIe3Hoe MC-
107Ib30BaHMe CTOYHBIX BOJ, IIPOM3BOJCTBA OJNMBKOBOrO Macia. OmHaKko
B 9TOM OTXO/I€ COMIEPYKATCS YIJIEBOMbI (TTpUMepHO 60% OT 0611Iero CyxXoro
Beca), OpraHyyvecKye KUCI0ThI M MYHepabHble IUTATelbHbIe BeIlecTBa,
4TO JelaeT ero MepCrieKTUBHBIM ChIpbeM 111 Tpou3BozacTBa I1TA [43].

CrovHbIe BOZIbI CKOTOOOEH TaKKe MOT'YT CTaTh OTEHIVAIbHbIM ChIPb-
em ny1s1 nonydenus [T'A. B pesynbTaTe MccienoBaHKii IOKa3aHo, UTO pe-
KkoMbuHanmeit mramma C. necator DSM 545 nBymsi mocienoBaTesIbHOCTS -
v munassl, lipC u lipH 3 Pseudomonas stutzeri BT3, yoanock Moiy4uThb
mramm C. necator DSM 545 JR11, o6magaonuii BbICOKO BHEK/IETOUHOI
JIMITONIUTUYECKOI aKTUBHOCTBIO. C. necator DSM 545 JR11 1103BOJINJI 110~
JIYYUTh 3HAUUTEIbHBIN BIXOZ, TIOIUTUIPOKCUATKAHOATOB (MOYTH 65% OT
CyXOJ Macchl KIeTOK) M3 K1pa BbIMEHM, LIIeKOBMHBI U MEPErIOHYaTOro
KOXKHOTO JXmpa [45].

B Poccuy craTtucTyka 1O KOJIMYECTBY CTOYHBIX BOJ, IpefcTaBleHa
YKPYIIHEHHO IO BCeMY CeKTOpy MUILeBOTo Impou3BoncTsa. 3a 2020 rog,
06beM CTOUHBIX BOJ, IIUIIEBBIX MTPOU3BOACTB cocTaBmI 16,9 muta M3, TIpu
9TOM, COITIACHO OTueTy PefepanbHO CIyKObI rOCYAAPCTBEHHOI CTaTH-
ctuku (Poccrat), 3aTpaThl Ha CO0p ¥ OYMCTKY CTOYHBIX BOZ, COCTaBWIN
2073 mutH py6iieit, a Ha o6parueHue ¢ orxogamu — 1180 mutH py6ieii [46].

3.4. Omx006t MOJIOUHOLI NPOMBILUIEHHOCMU: CbIBOPOMKA.

B Poccun 3a 2020 1. 661710 IpOM3BeneHO mopsaka 177,8 ThIC. TOHH
MOJIOYHOJ CbIBOPOTKM, UTO Ha 18,3% Bblllle yPOBHSI NPeJbIAYILEro rosa.
K kpynHejimmm poOCCUIICKMM TPOU3BOAUTENSIM MOJIOYHON CBIBOPOT-
ku otHOcAT: AO «[lanoH Poccusi», AO «Bumm-Bumns-Jlanu» (PepsiCo),
000 «KOMOC TPVYIIII», OO0 «XoxmnaHp Pyccnanpg», I'K «Monsect», TK
«PenHa». ChIBOpOTKA — 6oraTasi cpesia, OTVIMYHO MOIXOASIIAS AJIT pOCTa
MMKpoOpraHmnsMoB. Kpome Toro, ormMevyaeTcsi 3HaUMTE/IbHOE CHUKEeHMe
YPOBHSI IIPOMBIIIIEHHO} TIepepaboTKy CHIBOPOTKY C TIONyYeHMeM caxa-
pa-chIplia MOJIOYHOTO, PadMHMPOBAHHOTO, CTYIIEHHO! ChHIBOPOTKM 6e3
caxapa 1 ¢ caxapom [47].

OpHako mpo6eMoii UCITOMb30BaHMUS CBIBOPOTKY AJIs TIosydenumst [TTA
BBICTYITIA€T CJIOKHOCTD €€ IIPSIMOTrO IIPMMEHEHNUS BBUOY HEO6XOLL]/IMOCTI/I
MIpeABapUTENbHOI 06pabOTKM U TOA60pa ITaMMa-IponylenTa [16]. Taxk,
OCHOBHbIe TTpofyleHTsI [1T'A, Takue kak Cupriavidus necator, HeCITOCOGHbI
MPOM3BOAUTD CBOJICTBEHHBIE JII HUX KOJIMYeCcTBa rnonumepa (1o 80% ot
CBOET0 CyXOT0 Beca [Py POCTe Ha IVII0K03€e) IIPY POCTe Ha JIAKTO3€, BBICTY-
raronei mpeo6aialoIM UCTOYHMKOM YITIepOa B MOJIOYHOM, CHIPDHOM
CBIBOPOTKaX [16].

PernreHreM mpo6ieMbl BBICTYIIAET ITOTOTOBKA CIBOPOTKM C MEPEBO-
JIOM JIaKTO3bl B IJIIOKO3Y M TAJIAKTO3Y XMMMUUYECKUM MM pepMeHTaTUB-
HbIM myTeM. OfHAKO B TakOM CiIyvae, BO3pacTaeT KOHeYHasi CTOMMOCThb
rojMepa, a CJeloBaTeIbHO TaKoi CII0CO6 MOXKET OTPUIATeNTbHO CKa-
3aThCsl HA HKOHOMMUECKOV 3ddexTuBHOCTM TMpouecca [16,48]. Takum
o6pasom, TpebyeTcst 06paTUTh BHUMaHMe Ha MOVUCK «IVKUX» IITAMMOB,
CIIOCOGHBIX GMOCHMHTE3MPOBaTh Gosblive KomudecTsa I[ITA Ha JakTo3e.
[TepcrieKTUBHBIM pellleHueM Mpo6ieMbl TakKe MOXET BbICTYIATh I'eH-
Hasi MopudUKaAIYST MUKPOOPraHM3MOB. TeXHOIOTMSI PeKOMOVHAHTHBIX
IOHK nossonsier nomyuntsb II'A, coXxpaHMB IIpU 3TOM 3KOHOMMUYHOCTb
mpoiuecca. OFZHAaKO NPY 3TOM BO3HUMKAeT DPsif Mpo6iaeM, CBSI3aHHbBIX
C MpYIMeHEeHVeM PeKOMOVHAHTHBIX OPTaHNM3MOB (IIpobiiemMa reHeTHUde-
Ky MoauGuUIMpPoBaHHbIX oprauusMoB (I'MO)) [49-51]. Iast CHYDKeHMST
3aTpaT ¥ 9KOJOTMYECKMX PUCKOB TAKXKe PacCMaTpyBaeTCsl BO3MOXKHOCTb
TMOBTOPHOTI'O MCIO/Nb30BaHMS CTOUHBIX BOJ, pousBopacTBa [1I'A u3 ceiBo-
potku [52].

IMonyuenue IITA M3 CBIBOPOTKM Takke 06eCreurBalOT CMeIIaHHbIe
MMKPOGHBIE KYJAbTYPBI, IPEMMYIIECTBOM KOTOPBIX SIBJISIETCSl MX afarl-
TUBHOCTb K GBICTPO MEHSIIOMIMMCST YCIOBUSM, a TaKKe OTCYTCTBUE He-
00XOAMMOCTM CTepMIM3aLUY POCTOBOM cpenbl mepen depMeHTalyen
[18,53]. IIpy 9TOM U3 CMEIIAaHHO¥ KYJIbTYPbhl BO3MOXKHO BbIIENE€HME M-
CTBIX Ky/IbTYp, aKTUBHO Ipoaynupyouux I[II'A Ha uccienyeMoM ChIpbe.
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Opnako anst 3bdexTuBHOro oréopa IITA-aKKyMyIMPYIOIIMX KYJIBTYP
B CMeEIIAHHOJ Ky/lbType TPeOyeTcsl JerKOFOCTYIIHbI MCTOUYHMK a30Ta
[54]. Tem He MeHee, TaKO¥ MOAXOM, MOXKET TIO3BOMIUTH OGHAPYKUTH HOBbIE
mITaMMbI-TIpoAyLeHThl [ITA (Tak 6blT OOHAPYKEH IITaMM-IIPOAYLIEHT
L. mesenteroides) [18].

3.5. Omxo0dsl nepepabomku ¢pykmos u ogoujeti

Bo Bcem Mupe eKeromHo rmepepabaThiBaeTCsl TOABKO 25% OT 0011[ero
06beMa OTXO[OB arpoIpOMBIIIIEHHOTO pou3BoacTaa [55]. Cpean oT-
XO[IOB, 00PA3yIOIIMXCS B arpOIPOMBIIIEHHOCTH, OTXO/bI, ITOTyyaeMble
13 GPYKTOB, MMEIOT HaMOOJMBIINII MOTEHIMAN B KauecTBe MCTOUHMKOB
BO30GHOBJISIEMOI 9HEPTUM, U3 KOTOPbIX MOXXHO M3BJI€KaTh (epMEHTBI,
caxapa, akTMBMPOBAHHBIN Yrojb, pa3naraeMble IIacTMKOBble KOMITO3MU-
ThbI, GMOCOPOEHT, JTeKapCcTBa, OMOMECTUIMAbI, TTOBEPXHOCTHO-aKTUBHbIE
BellleCcTBa M MHOTME JApyTie TPOOYKTHI [55].

CoryacHO HAHHBIM MUHUCTEPCTBA CeIbCKOTO XO3siiicTBa Poccuu,
eXeromHo obpasyercst 6osee 770 MJIH T OTXOZOB B arporpOMBIIIIIEH-
HoM komrutekce (AIIK). KonnuecTBO CenbCKOXO3S/ICTBEHHBIX OTXOL OB
n3 o6iero unciaa AIIK cocrasiser 630—650 vutH 1. IIpy 9TOM KOIMUECT-
BO OPraHMYECKUX OTXOMIOB CEJTbCKOTO X03sI/CTBA cocTaBsieT 250 MITH T.,
13 KOTOPBIX 140 MJIH T. — OTXOZbI pACTE€HUEBOACTBA, 30 MJIH T. — OTXOJbI
MMIIEBBIX U MMIIeNepepadbaThIBAIOIIMX 3aBOAO0B [56].00HAKO M3BECTHO,
4yTo B nuuieBoii npomsiineHHocTy AIIK obpasyercs okono 40 MJH T.
BTOPUYHBIX PECYPCOB ¥ OTXOJIOB IIPOM3BOACTBA, 3HAUMTENbHASI YaCTh
KOTOPBIX BOBJIEKaeTCsl B IPOU3BOJICTBO HOBO MponyKiuu. OTX0A bl Ie-
pepaboTku (GPYKTOB M OBOIEH OTHOCSITCS K TPYIIE CEeTbCKOXO3SACT-
BEHHbIX IIUIIEBbIX OTXOO0B, HO B HHCTOHHLV[]‘;[ MOMEHT TOYHAasl OLleHKa
KOJIMYEeCTBa 9TUX OTXOMOB He ompeneneHa. M3BecTHO, UTO 06beM OT-
XOZ0B KOHCEePBALMM B IUIOLOOBOIIHO ITPOMBIIIIEHHOCTY COCTaBJIsIeT
oxoso 300 ThIC. T. B rof, [56,57].

@OpyKTOBBIE OCTATKY WJIM BBDKMMKM OOBIYHO COCTOSIT M3 KOKMIIbI,
MSIKOTHM, TVIOLOHOXEK M CeMSIH Y CUMTAIOTCS OTXOAaMy, He MMeIoIu-
MM 1eHHOCTM. Kak mpaBwmio, TBepziast 4acTb GPYKTOBBIX OCTATKOB BBI-
6pachIBAeTCsI, UCIIONB3YeTCs] B KAUeCTBe KOpMa JIJIsl JKMBOTHBIX U PEIKO
MIPUMEHSIETCSI B TPWIOKEHUSIX ¢ HU3KUM 3KOHOMMYeckuM 3dderTom
[58]. Cbippe U3 (GPYKTOBBIX OTXOHOB SIBJISETCSI JOCTYITHOV ajbTepHa-
TUBOJIiI MCKOTIA€MBIM PeCcypcaMm, MOCKOJIbKY OHO He BCTYIAeT B MPSIMYIO
KOHKYPEHLIMIO C TIUILEBOIi 1[eroukoii [59]. Kpome Toro, 0Txos! GpyKTOB
Y OBOIle}i — SKOHOMMYECKM AOCTYIHBI, TaK KaK SIBJISIIOTCS KyXOHHBIM
0TXO0ZI0M, 06Pa3yIOUIMMCS BO MHOTMX IOMaX, pecTopaHaX, MarasuHax,
KodeitHsx [60].

LiutpycoBble (GPYKTHI, BKIOYAS] TMMOHBI, alleJIbCUHBI, IPeMTIPPyThI
Y MaHJApUHBI, SBJISIOTCS IVPOKO PACIIPOCTPaHEHHBIM BUIAOM ITPOIYK-
UMY C MUPOBBIM IPOU3BOACTBOM MMOUTM 120 MW/UIMOHOB TOHH B TO[I.
IMocse epepaboTky coka 50% ChIpbs IIpeBpalaeTcs: B 0Txoabl. CpemHmit
COCTaB CyXOJii MacChl 3TUX OCTATKOB coepkut: 30% caxapos (hpyKTosa,
IJII0K03a, caxapo3a), 12% 11e/111071035bl, 12% reMuLietoa03sl, 19% nexkTu-
HAa, a OCTAJIbHOEe — CMeCh (HIaBOHOMIOB, OPraHNYECKUX KUCIOT, 6eTIKOB,
307161 ¥ Macina [58].

Coob1iaeTcst 06 ycIienrHoM mpon3BozacTBe TITA 13 KOXYpbI anesibCHa
¢ no6aByIeHNEM MUTATEeIbHbIX BEIIEeCTB (IKCTPAKTA TOBSIAVHBI M HATPUS)
¢ ucrionb3oBauuem Bacillus subtilis, BbIpalieHHOM Ha ONITUMMU3MPOBAHHOM
cpene. MakcumanbHblii Bbixop, ITTA coctasui 5,09 1/71 B ONTMMU3MPOBAH-
Hoi1 cpene ¢ 0,72 r/n xnopuga HaTpust U 2,23 T/ TOBSDKbETO SKCTPaKTa
rpy MHKy6aym B TeueHue 48 u. [61]. Koxkypa rpaHaTa Takske paccMaTpu-
BajIach B KauecTBe ChIPbs Ay1s1 rionmyueHust [ITA, mpu aToM mcciemoBaTenn
BbIOEJISI/IV OVKMe IITaMMbI U3 3aI‘pﬂ3HeHHOI7[ IIOUBbI CBaJIOK. CpaBHeHI/Ie
MMPOAYKTUBHOCTY KiIaccuyeckoro mramma C. necator v BOCbMU BbIJIeIeH-
HBIX ITAMMOB I10Ka3aJji0, UTO BbiAeleHHbIi 1mramm Bacillus halotolerans
DSMB8802 Ha koxkype rpaHaTa B KauecTBe CyOCTpaTa CMOT 06eCIIeUnThb BbI-
xog, 83% III'A, B To BpeMmst Kak C. mecator Tonbko 60% [60].

IepcnieKTUBHBIM CbIpbeM 11 nonyueHus [T'A Takke MOTYT BBICTY-
MaTth OTXO[bl BUHOTpama. O6HapyskeHo, uto Cupriavidus necator MoxeT
npousBoauTh I1I'B, ncronb3yss Macio u GhepMeHTHpyeMble caxapa, Io-
JlydeHHble U3 BBDKMMKM BMHOTpaja [32]. Tak, MoKasaHO, UTO BMHOTPA,
copra ConsipuC SIBISIETCSI OYeHb MEePCIIEeKTUBHBIM CYyOCTPATOM ISl BbI-
pamuBaHusi GakTepuil C 1Leblo MMOAyueHus: cpefHerernoueunsix ITA,
B CBSI3M C BBICOKMM COJlepskaHMeM B HeM IM110k03bl (106 r/i). Bpuia npose-
JleHa AByXcTyneHuaTast hepmMeHTaLMsI C UCIIOAb30BaHueM Pseudomonas
resinovorans B KauecTBe Cy6CTpaTa, a Takke ero nob6aBieHne B BUIE OT-
paboTaHHOTrO MacyIa JIst SKapKy Kak MpeKypcopa Jjist CpeJHelelI0ueqHbIX
[ITA, Bbixon moctur 21.3 1 I[ITA/ 11 skmbixa. OmHaKO Tpe6GyeTcsl yUUTHIBATh
BBICOKOE COZlepsKaHye INTHYHA B BYHOTPaZHOM XKMbIxe, 10 30% I10 CyxXoit
Mmacce [62].

OTxopmpl TepepaboTKM SI6JI0K TAKKe PacCMaTPUBAIOTCSI B KayecTBe
CBIPbSI [IJISI MPOM3BOACTBA IMOMUTUIPOKCHANKAHOATOB. Tak, MITaMMbI
Pseudomonas, BbIpallleHHbIe HA OTXOMAX SIGIOUHOI Me3TH, POU3BOAST

IITA ¢ BBICOKMM COZlepsKaHMeM IOJIMMepPa, C KOHKYPEHTOCIIOCOOGHBIMY Te-

IIJIOBBIMM U MeXaHUYeCKMMM CBOVICTBaM [63,64].

CocTaB (PPYKTOB U MX OTXOOB MOXKET 3HAUNTETHHO OTINYATHCS APYT
OT Jipyra, OfHaKo 1yis1 mpou3sBoncTsa [IIA MOTyT MCIIONMb30BATHCS TI00bIE
(PYKTBHI € TOCTATOYHBIM KOJIMYECTBOM YIVIEBOZLOB. YUUTHIBASI, YTO B CO-
cTaB (PYKTOB BXOAST CJIOXKHbIE caxapa, TpebyeTcs NpenBapuTeabHast
MOJrOTOBKA OTXOAOB (DPYKTOB MeTomamy depMeHTalMu M IUIpoInsa,
LIS TOSTyYeHM s JIETKO yCBayBaeMbIX MUKPOOPraHM3MaMM IPOCTHIX caxa-
poB. TeM He MeHee, POCT MYKPOOPTaHM3MOB MOKET ObITh MHIMOMPOBAH
HanmuuyeM (EeHONIOB B cocTaBe cybcTpara [65]. 3HaUMTeNbHbIE BBIXOHA
[T'A ¢ pa3IMYHBIM COCTaBOM, B TOM UKCiIe, cpefHelennouHble [ITA, moryT
OBbITH IIOJTYYEHBI IIPY IPUMEHEHMN CMeIIaHHbIX KY/IbTYpP B TPeXCTamii-
HOM IIpo1ecce [65-67]:

1) aumporeHHass depMeHTanys A1 IPeo6Gpa3oBaHysl OPraHUYECKOro
yriaepoja B pacTBOpMMbIe MPoayKThl hepmentauuu (PTID), KoTopbie
SIBJISIIOTCS IIPeAlliecTBeHHMKaMu 1151 6uocuHTe3a [1TA;

2) oT6op oboraieHHO KYJIbTYpbl, poayLupyomiei [1TA;

3) nakoruienue IIT'A,; korga paHee oTro6paHHast KyabTypa nutaetcs PIIO
u HakarumBaeT III'A 10 MaKCMMabHBIX BBIXOJOB.

ITpu nonmyvyeHun GoraToro Karpoaramu ¢uipTparta Ha craguu dep-
MEHTaLMY C [TOCIeYIOIMM MOL60POM Ky/IbTYPBI, CIIOCOGHOI I1epeBo-
IUTb Kampoarsl B 3-ruapokcurekcanoar (HHX), ymanochk BOCTUTHYTH
KpajfHe BBICOKMX BBIXOAOB Ioiaumepa 71,3%, a UMeHHO Teprioaumepa
¢ cocraBom 33/1/66 (3-ruppokcubytupat (3IB)/3-rumpokcuBanepat
(3I'B)/3-ruppokcurekcanoar (3IT),% macc.) [67].

3.6. Omx00s! caxapHoli U KpaxmasibHOL NPOMbIULIEHHOCMU

K oTxomam caxapHO¥ ¥ KpaxmabHOM POMbBILIUIEHHOCTM OTHOCSIT: CBe-
KJIOBMYHbIE XBOCTMKM, 6071 CBEKIIBI, YKOM, MeIaccy, 6araccy, Mesry, KyKypy3-
HBI/ 9KCTPAKT U Ipyrue. BKiouast CTOYHbIe BOIbL, eXXerofHo B Poccmy o6pa-
3yeTcst 0komo 60 MiTH T. OTXO0B CaxapHO¥ MPOMBbILIIeHHOCTH. KonnuecTBo
CBEeKJIOBMYHOTO koMa B Poccun oueHmBaeTcst Kak 9 MIIH T B rof, [56,68].

Camble BBICOKME TTOKa3aTe/y IPOU3BOACTBA (C TOUKY 3peHMSI BHYTPU-
KJIETOUYHOTro HakoruieHus: PHA) 06bIYHO JOCTUralOTCS IPU UCIIONIb30Ba-
HMM YYCTBIX CaxapoB (T. €. [JIIOKO3bI), @ 3aTeM aJbTePHATUBHOTO ChIPbSI
C BBICOKMM COfiepykKaHMeM YITIeBOJO0B, TAKOr0 KaK MaHMOKa M CaxapHbIi
TPOCTHMK. Takye KpaxMasycTble MaTepyalbl U3 CeNbCKOXO0351/1CTBEHHbIX
KYJIbTYD MM CTOYHBIX ITPOM3BOACTBEHHBIX BOI BBICTYITIAKOT ITE€PCIIEKTUB-
HBIMM CyOCTpaTamy, OCKONbKY MMEIOT HU3KYIO CTOMMOCTb, XapaKTepu-
3YIOTCSI BO306GHOBIISIEMOCTBIO 1 IOCTYITHOCTBIO HA MECTHOM ypOBHe [22].

Baracca caxapHOro TPOCTHMKA MCIIONb3YeTCsl ISl BIPAGOTKM JJIeK-
TPOSHEpPIUM ¥ MPOU3BOACTBA ITAHOIA BTOPOTO ITOKONEHMSI B TPOMBIIII-
JIEHHBIX MaclITabax, I03TOMY pexke PacCMaTpPUBAETCsI B KAUeCTBE ChIPbSI
st momydenust ITA [69]. OgHako uccrenoBanus mramma Burkholderia
sacchari moxka3sasu, 9TO BO3MOXKHO monyuntb 105 r/1 P(3HB) npu mcmosnb-
30BaHMM IMAPONM3aTa Garacchl caxapHOTrO TPOCTHUKA, GOraToro IMIOKO-
3014, KCWJI0307i ¥ apabuHo30ii [70].

Brnarozmapst BBICOKOMY COIePyKaHMIO CaXapo3bl M HeGONbIIOMY KO-
YeCTBY IVTIOKO3BI U (PYKTO3BI Mestacca MPOKO UCIIONb3YeTCs B KauecTBe
JIeIIeBOT0 MUCTOYHMKA YITIepoJa B Ipoliecce MPOM3BOACTBA OMOTOIUIMBA
u 6uononumepoB [71]. TpocTHukoBass menacca 3GGEKTUBHO TMpuUMe-
HSUIach Kak cbipbe 11 nonydeHus IITA ¢ ucnonb3oBaHueM IOYBEHHO
6akrepun Pseudomonas aeruginosa, 6butv JOCTUTHYTHI CIEAYIONIVIE ITOKA-
3aTeNny: MakCMMalibHas KJIeTouHasl macca 7,32 * 0,21//1 M KOHI|eHTpauus
IITA 5,60 * 0,3 1/ uepe3 54 4. KyJIbTUBMPOBaHMs. Takke GbUIO BbISIBIIE-
HO, YTO MOY€eBJHa sIB/IsIeTCs 6onee 3 deKTHBHBIM MICTOUHMKOM a30Ta I10
CPaBHEHMIO C APYTMMM HEOPraHMYeCKMMM aabTepPHATUBAMMU, U TIPU ee
06aBIeHNy K MeJlacce 3HAUMTETbHO YBeIVUMBAETCS BBIXOZA MPOAYKTa,
YTO TOBbIIIAET SKOHOMUYHOCTD Mpolecca [72].

CpaBHeHMe Menacchl ¢ apyrumu otxomamu AIIK (cTouHbie BOAbl 6y-
Ma’kHOTO ¥ MOJIOYHOTO ITPOM3BOJCTB) I10Ka3alo, YTO 3HAUMUTETbHYIO
POJIb UTPaeT MpeBapuTebHasi 06paboTKa ChIpbsi. Tak, NPy ONMTUMAaTb-
HBIX YCTIOBUSIX LISl MHKYOGUpoBaHus mtamma Bacillus subtilis RS1 (Bpemst
nHKy6auyy 48 u; pH 7; mHokynst 10% v/v)) 1 ipegBapuTenbHOI 10ro-
TOBKe ChIpbs (moBefgeHue pH no 3, ueHTpudyrupoanme, aBTOKIABUPO-
BaHMe) Y1aJ0Ch JOCTUIHYTb BBICOKMX MTOKa3aTesieli BbIXO/a MonumMepa —
70,5% [73]. Pe3ynbTaThl CpaBHEHUSI MeIaCcChl, OJIMBKOBOTO Macjia M MX
cmecu B KauectBe cyberpata st C. necator mokasasy, YTO COBMECTHOE
MCIIONb30BaHye OBYX CyGCTPATOB MO3BOJISIET OMYUMUTh GOJBLINIA BBIXOT,
BeujecTBa (40% B cpaBHeHUM ¢ 24,33% 1151 Menacchl U ¢ 18,66% 11 0uB-
KoBoro Macnia). MakcumanbHoe copepskaHue II['A mpu UCIOIb30BaHUN
KOMOMHALMYU CyOCTPaTOB cOCTaBMIO 2,03 I/71 10 CPaBHEHUIO C MeJIaccoit
(1,41 r/n) u onuBkoBbIM MacioMm (1,12 r/m). Kpome TOro, ormevarorcst
CIIOCOGHOCTD LITAMMa PaCcT Ha CJIOKHBIX CyOCTpaTax U3 OTXOHOB [9].

HecmoTps Ha TO, UTO MeJjiacca OTIMYaeTCs BbICOKOJ KOHLIEHTpallu-
ejl caxapoB M MMKpPO3/IeMeHTOB (Kaiablys, docdopa, 6M0THHA, HMALK-
Ha ¥ pubodaByHa) U aKTUBHO PACCMATPUBAETCS B KAUECTBE ChIPbST JIJISI
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nonyuenus IIT'A, ciepyeT yuuThIBaTh, YTO OHA TAaKKe XapaKTepU3yeTcst
nedUIMTOM OCHOBHBIX MMHEPAIOB, TAKMX KaK KOOAIbT U CeleH, KOTO-
pbIe TOBBIMAIOT aKTUBHOCTH dpepmenTa [II'B-cuHTasbI [69]. Kpome ToroO,
OoTMevaeTcs BAMSHME peskyMa MUTaHys Ha COCTaB Y CBOJCTBA MOMMepa.
Tax, B cimy4ae ¢ Mesiaccoii caxapHOTro TPOCTHMKA, Ha BbIXOZ, U cocTaB IITA
BJIVSIIOT TUII U KOHIIEHTPALVST OPraHMYeCKUX KUCTIOT B hepMeHTUPOBaH-
Hoit Menacce [75]. TakuM 06pa3soM, UCIIONb30BaHMe MeIacChl s IpPo-
n3BogcTBa [II'A MOKeT ObITh SKOHOMMUUECKM 3(DPEKTUBHBIM, HO TpebyeT
THIATEIbHOTO BHUMAaHMS K COCTaBy CyOGCTpaTa U PeXUMY TMUTAHUS IJIst
IOCTVDKEeHVST ONITMMAaIbHBIX BBIXOJOB ¥ CBOVICTB ITONIMMepa.

3.7. Omxodut npoussodcmaa Koge

Kode siBiisieTcst BTOPbIM 110 BeJIMYMHE MPOaBa€MbIM B MUPE TOBA-
pOM, ero Mpom3BOACTBO AOCTUIIO 167,17 MminnoHOB TOHH B 2021 rogy,
IIpM 9TOM Ha BCeX CTaAMsX IIpoliecca IepepaboTKy OT IVIOLOB Kode 10
HaIUTKa B CTaKaHe MM Yalike 06pa3yeTcsi OrpOMHOE KOJIMYECTBO OTXO-
noB. TomoBble oTX0mbI Kode, N0 OLIeHKaM JCCIeoBaTeNell, IPeBbILIa0T
23 MMUIJIMOHA TOHH B rof, [29,76].

TBepzble OTXOAbI IIPOU3BOLCTBA KOode BKIIOUAIOT B cebsi: KodeitHyo
My/ibITy, KOoGenHyIo 1menyxy, oTpaboTaHHblii Kode (0TpaboTaHHYIO KO-
deitayto rymry (Spent coffee grounds (SCG)). Otxombl Kode SIBIASIOTCS
HeOPOTMM CBIPbEM, COZIePyKAIVIM JKMPHBIE KMCIOTbI, 60raThIM Iomvde-
HOJIaMM, KapOTMHOMUIAMY ¥ OPraHN4eCcKUMU Kucaoramu [77].

Orpa6oranHas KodeiiHas ryma cogepxkut ot 11 no 20% kodeitHoro
Macia, XapakTepu3yeTcsl BBICOKUM COEepKaHMeM CBOOOIHBIX SKMPHbIX
KUCTIOT, KOTOPbIe MOTYT GBITH JIETKO VICIIONb30BaHbI MUKPOOPraHM3Ma-
My B utaHuu [78]. Beixon II'b mpu nmpumeHenun mramma Cupriavidus
necator H16 Tipy mepuonuyeckOM DeXMMe KyJIbTMBMPOBAHMS TOCTUT
89,1 macc% (1,33 r/(1*u)) [28]. KodeitHblii kMbIX U KodeiiHOoe Macio
paccMaTpUBAIOTCs Kak ChIpbe J17Is1 TPOM3BOCTBA 6MOAM3eIsl, OAHAKO BbI-
COKOe cofiepyKaHye CBOGOMHBIX JKMPHBIX KVICJIOT ITOPOXKAAET IIPOGIeMbI
IIpY ero Mpou3BOACTBE, B TO BpeMs Kak Jyisi 6uocuuTesa III'B Hannumne
TaKMX KUCIIOT SIBJISIETCS 3HAUMTEbHBIM ITPEVMYILeCTBOM. B TO 5xe Bpemst
KO(eHbI KMBIX MOXET ObITb TIOI€3HO YTUIM3MPOBAH B dHEPruio 6e3
3HAUMTENIbHOI TI0Tepy SHepreTMIeCKoii LIeHHOCTY II0C/Ie OTKMMa Macia,
a c1emoBaTeIbHO, BO3MOKHO coBMeIlieHne mponsBoacTsa [T n3 kodeii-
HOTO Mac/Ia U MOoJyYeHMs JOIIOTHUTENIbHO SHeprum 13 KodeiHbIX mer-
JIETOB, YTO MOXKET CHU3UTb CTOMMOCTb IIPOMU3BOACTBA NonuMepa. Kpome
TOTO, BBICOKOE COZiepskKaHMe CBOOOJHBIX JKUPHBIX KUCIOT 3aTPyoHSIET U3-
rOTOBJIeHNE GVOM3erIs, [I03TOMY MCIIONb30BaHMe U3BIeYeHHOTo Kodeii-
HOro Maca jjs npousBogcTsa [1T'A siBnsieTcs: BBITOAHBIM [76].

Kodeiinoe macio rmoxasbiBaeT MOIOXKUTEIbHbIE Pe3YJIbTAThI IIPY 10-
6GaBJIeHUY €r0 B OCHOBHO¥ Cy6CTpaT mpu 61ocuHTe3e nonumepa. CoKyiib-
tuBupoBauue Lysinibacillus sp. RGS n Ralstonia eutropha ATCC17699 na
cybeTpaTe 13 KMbIXa CaXapHOI'o TPOCTHMKA C Jo6aBIeHyieM KyKypy3HOTo
KpyToro inképa (corn steep liquor (CSL)) 1 0TpaboTaHHOTO SKCTParupo-
BAHHOIO Macia 13 KodeiHbix oTx0moB (spent coffee waste extracted oil
(SCGO)) nmo3BOAMIO MOMYYUTh MAaKCUMalbHbI POCT KyAbTYPbI U BBIXOJ,
nonmuMmepa (11,68 n 11,0 r/n), nakorienne IIT'A (76% u 76%) [30]. IToka-
3aTenbHa U 39 HEKTUBHOCTD MPUMEHEHMS IBYX KYJIbTYD, TPOU3BOASIINX
[IT'A ¢ pa3nuYHOI MeTaboMMUeCKO! aKTUBHOCTHIO, UTO MOXKET paccMa-
TPMBATBCS KaK JKM3HECIIOCOGHBI BapMaHT IIsl JOCTIDKeHMS Goree BbI-
cokoii npousBogutenbHocTy IITA. Ins nomydenus II'A n3 skcrparupo-
BaHHOTO Macjia OTPa6OTaHHOM KOGeTHOM TyIM UCIOMb30BAJICS IITAMM
Pseudomonas resinovorans, cyxoii Bec KJI€TOK cocTaBisin 5,4 r/m, PHA —
1,6 r/n, a conep>kanne PHA — 29,5% uepe3 24 yaca [29].

OmHaKo UCMONMb30BaHMe KO(DEHBIX OTXOIOB B KaueCTBe ChIPbS IS
nonyueHus [ITA umeeT psig cnoxkHocTeit. Tak, BbISIBI€HO, YTO METO],
3aBapuBaHusl Kode BAMSIET Ha COfepskaHyue GMOAKTUBHBIX COeIUHEHNI
B SCG, 4TO MOXeT MOBAUATh Ha KauecTso ronydyaemoro I1T'A [79]. Takke
orpabotaHHast KodeitHas ryiia ComepskUT B ce6e MUKPOOHbIE MHTMOUTO-
PBI, KOTOpble MOIYT IPEeISITCTBOBATh NMPOou3BOACTBY [IT'A, a ms cTumMy-
JIMpoBaHUsT epMeHTalMM HeoOXOAUMa NeTOKCUKAIMS TUIPOIU3aTOB
oTpaboTaHHOIt KodeiiHoit rymmm [27].

T'vaponusat oTpaboTaHHOI KOPENHO Ty COLEPKUT JIEBYIMHOBYIO
KICJIOTY, KOTOpAsi CIYKUT MpealiecCTBeHHUKOM st 61ocuHTe3a [1T'A, Ho
TaKXXe COOEeP>KUT I'IOHI/ICl)eHOJIbI, KOTOpbI€ CHIVKAIOT BbIXOM IMOJIMMepa. Kak
pellleHNe TaHHON MPO6IeMbl MpeAaraeTcs SKCTPaKUus MoanbeHoI0B
sraHo/oM. Kpome TOro, ormMeuaercsi, YTO MCITOJIb30BaHMEe KOGheEtHOro
Maciia, oJTyYeHHOTO U3 OTPaboTaHHOI KOEHO IyIiu, TT03BOJISIET T10-
BBICUTDb BbIXOZ, [IT'A, UTO, BEPOSITHO, CBSI3aHO C BBICOKMM COZiep>KaHMEM
CBOOOIHBIX XKMPHBIX KUCIOT B Macie [80].

4. BeIBOIBI

U3-3a obocrpsitomieiicss mpo6ieMbl HAKOIUIEHMS! TUIACTUMKOBBIX OT-
XO[IOB, B KauecTBe 0oJiee SKOJOTMYHOTO TOJMMMepa pacCMaTpPUBAIOTCS
paccMaTpuBarOTCst G1opasiaraeMble TIOMVMEPDI, TAKME KaK MOTUTHUIPOK-
cuankaHoatsl. Xotss PHA u mMx comonmMepsl BbI3Baau 3HAUUTEIbHbIN
MHTEepec HayyHOro coobIecTsa 61aromapsi CBOeMy CTPYKTYPHOMY pas-
HOOOPAa3MIo 1 CXO[ACTBY MEXaHMYECKUX CBOVICTB (HampuMep, IPOYHOCTH,
JKeCTKOCTU 1 I‘I/I6KOCTI/I) C TPaAMIIMOHHBIMM aHaJIOTaMM, BbICOKasi CTOU-
MOCTb TMPOM3BOJCTBA OrPAHMYMBAET KPYITHOMACIITaOHOE M3TOTOB/IEHE
atux 6momnonumepoB. OCHOBHbIE 3aTpaThl Mpou3BoacTBa [ITA cBsI3bIBa-
I0TCSI C ChIpbeM, B KauecTBe KOTOPOTO MCIOAb3YeTCs YMCTasl III0KO3a.
[IJ1s1 CHVYSKEHMSI CTOMMOCTY IOJIMMepa pacCMaTpUBAeTCsl BO3MOXKHOCTb
MCIIOMb30BaHMSI BTOPMUHOTO ChIPbSI — OTXOA0B MUIILEBOTO IMPOM3BOACTBA
¥ arporpoMBILUIEHHOTO KOMILIeKca. IIpoBeseHHOe mcciiefoBaHue Io-
3BOJIMJIO BU3YaIM3UPOBATh U BBISIBUTH TPU OCHOBHBIX HAIIpaBIeHUS] Ha-
YuHbIX uccienoBanmii [II'A, a Taxke UX OMTyYeHMS U3 IUILEBBIX OTXOOB:
1. Uccnenosanue u uszyuenue I1T'A, 1abopaTopHOe MONTyYeHMe IoIMe-

pa, ero COMOIMMEPOB U OLleHKa X MeXaHUYeCKMX CBOVCTB.

2. IlnieBble OTXOABI Kak Cbipbe 118 nomydenust I[IIA: usyyeHnue BUIOB,
yiyullieHle KaueCcTBa ChIPbsl, BAJIOPU3aLMSI.
3. Bbi3oBbl U 3¢ derTsl rnpumenenus: [T'A, pousBOACTBO IOaMMepa,

TPOTMUBOTIOCTABJIEHYE WJIM CPaBHEHMeE C TUIaCTUKAMMU.

B Xozme meTasbHOrO aHamM3a HAyYHBIX MyOGIMKAIMi, ObIIY YCTAHOB-
JIeHbI OCHOBHbIE NOCTIKeHNUs B cepe nonyderust [ITA U3 MuIEBbIX OT-
XOJ0B, BBISIBJIEHbI CIOXKHOCTM MCIIOIb30BaHMSI KOHKPETHOIO TUIIA BTO-
PUUYHOIO CBIPbSI U OIpeleseHbl OCHOBHbIE HITAMMbI-IIPONYLeHTh! TITA
ILJIST KQXKOOTO TUIIa ChIpbsi. Tak, K HanboIiee NmepCcrekKTMBHOMY ChIPbIO ST
rioiyueHust [ITA MOSKHO OTHECTM: OpTaHUYeCKue OTXOAbI, 6oraThbie JIUIN-
namu (OTXOZbl TIPOM3BOACTBA PACTUTETbHBIX Maces), OTXOAbl (DPYKTOB
¥ OBOLIEN, MOJIOUHYIO CBIBOPOTKY, OTXOJbI CaXapHOJ ¥ KpaxMmalabHOM
MMPOMBILIVIEHHOCTM (Mesacca, 6aracca), otxofpl kKode (oTpaboTaHHAas
KocdeiiHas Tyiia, SKCTparMpoBaHHbIe 13 Hee KodeifHbIe Macia), a TAKKe
CTOYHbBIE BOJIbI MMIIIEBBIX MPON3BOACTB. OFHAKO JJIsI IIMPOKOTO BHEZpe-
HMSI BTOPUYHOTO ChIPbSI B MPOMBILIEHHOE MPou3BoacTBo [IT'A Tpeby-
10TCSI JayibHeIe 1CcCaeqoBaHysl, HallpaBJeHHbIe HA MOUCK CIOCO60B
TOBBILIEHMST BbIXOJIA [TO/IMMeEpPa, B TOM UlMCiie, 32 CUeT MpeBapuUTeabHOM
ITO/ITOTOBKY BTOPMYHOTO CBIPBSI ITyTeM I'uaponu3a u depmeHntanym. Tak-
5Ke He06XOAMMO BbIsiB/IeHME 3P PEeKTUBHBIX IITAMMOB-TTPonyLeHTOB [TTA
¥ CO3JaHNe ONTUMAaJIbHBIX YCJIOBUIA ITOTyUYeHNsI TToIuMepa.
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K/IIOYEBBIE CJIOBA: AHHOTALIA
OuoakmueHas naeHKd, BeKOBble TMAPONU3ATHI SIBISIIOTCS TIEPCIIEKTUBHBIM AKTMBHBIM KOMIIOHEHTOM TIPU TIONYY€HMV GMOAKTUBHBIX [UIEHOYHbBIX

Open access

AHMUOKCUOAHMHAs MTOKPBITUI IJIs1 TIPOAYKTOB MUTaHMsI. HeKOTOpble GMOIOMMMEpPbBI CIIOCOGHBI MTPOSIB/ISATH OMOIOTMUECKYI0 aKTUBHOCTD, OIHAKO
aKmueHoCcme, yaiie st IpuaaHns IIeHKaM STUX CBOMCTB HEOOXOIMMO MOmOUpaTh OMOMOTMYECKM aKTUBHbIE BelecTBa. C APYyroi CTopo-
pacmeopumocme, HbI, He BC€ KOMITOHEHTHI ITO3BOJISIOT (OPMMUPOBATD IJIEHKM C HEOOXOAMMBIMM CBOMCTBAMMU, B CBSI3U C UeM BO3HUKAET HEO6-
IMYNbUpYIOWast XOIVMOCTb MCC/IEIOBAHMST OTEIbHbIX TEXHOTOTMUECKMX XapPaKTEPUCTUK VICIIONb3yeMbIX KOMITOHEHTOB. Lle/bIo MccieoBanmit

€nocoOGHOCMb, HenyO0oK, SBJISETCS YCTAaHOBIEHMEe aHTMOKCUIAHTHBIX M TEXHOIOIMYECKMX CBOJCTB GEIKOBBIX THIPOIM3ATOB, IOMYUYEHHBIX MUKPOGHOM

MOJIOUHAS Cbl60pOMKA, hepMeHTalMell CyOTIPOAYKTOB MTUIIBI B MOJIOUHOM ChIBOPOTKE B MPUCYTCTBUM GMbMI06aKTEPHIt, TPOIVMOHOBOKMUCIBIX GaK-

2udponus Tepuit 1 anuaoGMIbHONM MaJ0uKy, KaK MOTEHI[MAJIbHOTO KOMIIOHEHTA GMOaKTMBHBIX IJIEHOUHBIX TOKPBITUI IJIsS TTPOLYKTOB
nuTaHus. B KauecTBe KOHTPOIBHOTO 06pa3slia UCIOMb30BAIM TUAPOIN3AT, TOTyUeHHbIi pepMeHTaluell 6e3 nobaBieHns yKa-
3aHHBIX BUIOB 6aKTepuii. Y 6eJIKOBBIX TMAPOIN3ATOB OlleHMBaIM QYHKIVOHAIbHbIE CBOVCTBA: AaHTMOKCUAAHTHYIO CIIOCOOGHOCTh
METOZIOM KyJIOHOMETPUUECKOTO TUTPOBaHMSI Ha KyJIoHOMeTpe «IKcnept-006» ¢ MCIoIb30BaHMEM aCKOPOMHOBOI KMCJIOTHI B Ka-
YyecTBe TAJIOHA, aHTMPAAMKAIbHYIO aKTMBHOCTH MeTomoM DPPH Ha criektpodoTomeTpe Jenway 6405 UV/Vis ¢ onpeeneHuem
semunHbl [C, . Takke BbIAB/ISAIM TEXHONOTMUYECKME CBOWCTBA, PACTBOPUMOCTD, BIArOyIepPKUBAIOIIYIO, KUPOYAEPKUBAIOLIYIO
Y KUPOIMY/IBTMPYIOIIYIO CIIOCOOHOCTY TPaBMMETPUUECKMM MeTOonoM. Kpome TOTO, Onpenesnsiiv cpefHuii TMIpOAMHAMUYECKU
IMaMeTp YacTMIL B 6EIKOBBIX TMAPOIM3aTax Ha aHaau3aTope pasmepa yactuil Microtrac FLEX. PesysbraThl MCCIeq0BaHNit aH-
TUOKCUJAHTHBIX CBOVICTB [TOKA3aJi, YTO aHTUPAAMKAIbHAsI akTMBHOCTh DPPH B OMBITHBIX 06pasiiax TMAPOIM3aToB, OTyYeH-
HbIX GhepMeHTaLMel 6ubumobakTepusimu, 6pu1a Ha 14,7% Bblllle TI0 CPaBHEHMIO C KOHTPOJIEM; aHTMOKCUIAHTHAST CIOCOGHOCTh
B 00pasijax ruponn3aToB, IOTyYeHHbIX pepMeHTalMell POMMOHOBOKMUCIbIMY GaKTepUsIMU, Ha 29,6% MpeBbIllana aHaJorny-
Hblli IOKa3aTeNb B KOHTPOJILHOM 06pasiie. 3HaueHMe rmokasaress IC, ) okasanoch Haubosee BbICOKMM Y KOHTPOILHOTO 06pasuia
rugponusata — 2,994 mr/mit, uto Ha 45,5-53,3% Bblliie, YeM Y OIBITHBIX 06PA3I[OB TMAPOAM3aTOB. Pe3ybTaThl OMpeneeHust
TEXHOJIOTMYECKIX CBOJCTB ITOKA3aJIy, YTO Y GEIKOBBIX TMIPOIN3ATOB, TOTyYeHHbIX (hepMeHTalell pa3HbIMY BUIaMM GakTe-
PWii, OHM 3HAYUTEJILHO OT/INYAIOTCSL. Tak, HanbosIee BLICOKME 3HAYEHNST JKUPOYAEPSKUBAIOIIEH Y SKMPOIMYIIBTUPYIOLIEeli CrIoco6-
HOCTeI OKa3alnch y TUAPOIN3AaTa, MOTyuyeHHOTo pepMeHTanmeii ¢ 6udumobakrepusmu — 351,1% u 61% cOOTBETCTBEHHO, UTO
MOKa3bIBAET ero MOTeHIMAas [Ijisi BHECEHMsI B COCTaB GMOKOMIIO3MUTA B BUIE GEIKOBO-MAC/ISIHOM 3MY/IbCyn. Bhicokast pacTBO-
PMMOCTH OTIBITHBIX 06pa3siioB ruapomn3aToB (0T 90,1 1o 91,4%) 1MO3BOJISIET MIPEIIONIOKUTL X PABHOMEPHOE paciipefesieHne
B BOJIHOI1 (hase Mpu cocTaBIeHn OMOKOMITO3UTa IUIEHKM. TakuM 06pa3oM, pe3y/abTaThbl MCCIeA0BaHMIt TIOKa3aju IepCIIeKTUB-
HOCTb VICIIO/Ib30BaHMsI GEJTKOBBIX THMPOIM3ATOB U3 KEITYAKOB IBIIUIAT-6POi/IEpOB B CHIBOPOTKE B KaYeCTBE aKTMBHOTO KOM-
TMOHEHTA GMOAKTUBHBIX IJIEHOYHBIX TIOKPBITHIA. AHTMOKCUIAHTHbIE CBOVICTBA GEJIKOBBIX TUAPOIM3ATOB MO3BOISIIOT 3aMeJIATh
TIPOLIeCChI OKMCIEHNSI OCHOBHBIX MUIIEBBIX HYTPVEHTOB, YTO BHECET BKJIA, B yBeIUeHe CPOKOB XpaHeHMs ITIPOAYKTOB MUTa-
HMsI, YITAKOBAHHBIX B OMI0AKTMUBHbIE TUIEHKY C TAHHBIM KOMITIOHEHTOM.
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bioactive film, Protein hydrolysates are a promising active component in the production of bioactive film coatings for food products. Some
antioxidant activity, biopolymers can exert the biological activity. More often, however, it is necessary to select biologically active substances to
solubility, emulsifying  impart these properties to films. On the other hand, not all components allow forming films with the required properties, and
capacity, gizzard, therefore there is a need to study the individual technological characteristics of the components used. The purpose of the
whey, hydrolysis research is to establish the antioxidant and technological properties of protein hydrolysates obtained by microbial fermenta-

tion of poultry by-products in whey with bifidobacteria, propionic acid bacteria and acidophilic bacteria as a potential basis
for bioactive film coatings of food products. The hydrolysate obtained by fermentation without the addition of the specified
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bacterial species was used as a control sample. The functional properties of protein hydrolysates were assessed: antioxidant
capacity by coulometric titration on an Expert-006 coulometer using ascorbic acid as a standard, antiradical activity by the
DPPH method on a Jenway 6405 UV/Vis spectrophotometer with determination of the IC, value. The technological proper-
ties, solubility, water-holding, fat-holding and fat-emulsifying capacities were also determined by the gravimetric method.
In addition, the average hydrodynamic diameter of particles in protein hydrolysates was determined using a Microtrac FLEX
particle size analyzer. The results of studies of the antioxidant properties showed that the DPPH antiradical activity was 14.7%
higher in the experimental samples of hydrolysates obtained by fermentation with bifidobacteria compared to the control;
samples of hydrolysates obtained by fermentation with propionic acid bacteria showed an antioxidant capacity 29.6% higher
than that of the control sample. The IC, value turned out to be the highest in the control hydrolysate sample (2.994 mg/ml),
which was 45.5-53.3% higher than that in the experimental hydrolysate samples. The results of determining the technologi-
cal properties showed that they differ significantly for protein hydrolysates obtained by fermentation with different types of
bacteria. For example, the highest values of fat-holding and fat-emulsifying capacities were found in the hydrolysate obtained
by fermentation with bifidobacteria (351.1% and 61%, respectively), which shows its potential for incorporation into the bio-
composite in the form of a protein-oil emulsion. The high solubility of the experimental samples of hydrolysates (from 90.1
to 91.4%) suggests their uniform distribution in the aqueous phase when composing the biocomposite of the film. Thus, the
research results have shown the prospects of using protein hydrolysates from the gizzards of broiler chickens in whey as an
active component of bioactive film coatings. The antioxidant properties of protein hydrolysates allow slowing down oxidative
processes in the main food nutrients, which will contribute to an increase in the shelf life of food products packaged in bioac-
tive films with this component.

FUNDING: This research was funded by Russian Science Foundation No. 23-26-00153, https://rscf.ru/project/23-26-00153/.

1. BBegenue

BeskoBbIe TMAPOAM3AThI ¥ GMOMOTMYECKY aKTVBHBIE TIeIITHU b, BbI-
JlelleHHble U3 IUILEBBIX OeIKOB, 61aronapsi CBOeil aHTMOKCUIAHTHOM
Y aHTUMMKPOGHOI aKTMBHOCTM MOTYT ObITh MCIIONb30BAHbI B KAUeCTBe
HaTyPaJIbHbIX NUIIEBLIX KOHCEPBAHTOB [1]. MIX MIMPOKO MCIIOIb3YIOT
KaK aKTMBHBI KOMIIOHEHT KOMIIO3MIMOHHBIX YIIaKOBOYHBIX Mare-
puanos, o6ecreuynBaIMX YBeIMUYeHe CPOKOB XpaHEHMUsT TIPOAYKTOB
nuTaHus [2,3].

B nociemHme rozbl yueHble BO BCeM Mype Bce 60iee akTHBHO JICCIe-
IYIOT BO3MOXKHOCTM ITOyYeHusl 6uopassaraeMblx yIIaKOBOYHBIX MaTe-
pUaIoB, KOTOPBIE MOTHOCTBIO COCTOSIT M3 HATypPaIbHbIX GMOMONUMEDPOB
[4] 1 MoOryT yOTPe6IATHCSI BMECTe C YIIaKOBaHHBIM MTPOLYKTOM [5].

OnHako Gosee MepcreKTMBHBI pabGOThI, HANpaBlIeHHble Ha paspa-
6GOTKY MHTEJUIEKTYaIbHBIX TVIEHOYHBIX MMOKPBITHUI C HOBBIMYU (HYHKLMO-
HaJIbHBIMM BO3MOKHOCTSIMM, COZIePKALIVX TPOTUBOMMUKPOOGHBIE areHThl,
AQHTVMOKCUIAHTBI ¥ 610aKTMBHbIE KOMIIOHEHTHI IJIS1 YBETMYEHNMSI CPOKOB
XpaHeHUs! MPOAYKIMY U ITOBBIIIEeHMs ee 6e30macHocTH [6,7].

MHorue yyeHble IPOJEMOHCTPUPOBAIN, YTO UCIONb30BAHME TINIe-
BbIX AKTMBHBIX YITAKOBOYHBIX MaTE€PMAIOB C OMOAKTUBHBIMM ITENTULAMU
¥ GeJIKOBBIMY I'MIPOIM3ATaMU CIIOCOGCTBYET MHTMOMPOBAHUIO IATOTEH-
HBIX MMKPOOPTaHM3MOB U 3aMeJlJIeHNI0 OKMCIeHUS] IUTIU/IOB, UYTO B CBOIO
ouepeib MOBbIIIAET 0e30MaCHOCTh MUIIEBBIX NMPOAYKTOB [8]. OmHaKo
¢dhopmupoBaHye 6M0aKTVBHBIX CBOJICTB IIEHOK, & TAKXKE UX CTPYKTYPHO-
MeXaHMYeCKMX ¥ MOPQOIOrnyeckux XapakTepuCcTUK 3aBUCUT OT CBOVICTB
BBeJIeHHBIX GeIKOBbIX IMIPOJIM3aTOB.

BroakTyuBHbBIE MENTUAbI BbICBOOOXKIAIOTCS M3 MUIIEBbIX OeNKOoB
B Ipouecce GepMeHTaTMBHOTO I'MIPOIM3a 3@ CUeT IPOTeONUTUIECKON
AKTMBHOCTY MMKPOOPraHM3MOB min (pepMeHTOB. IMaposin3 BbI3bIBaeT
obpa3oBaHMe Goree MelKMX GenKOBbIX (pakumii co creumbudecKku-
MM GUBUKO-XMMUYECKMMM U (GYHKIVOHATbHBIMU CBoOicTBamMu. Takue
CTPYKTYpHble MOAMGUKALMY BKIIOUAIOT YMeHbIIeHNe MOJeKY/ISIPHOM
Macchl, MOBbILIeHMe TUAPOGIUIBHOCTY 33 CUET YBeIMYeHMS MONSIPHBIX
rpynn (-NH,', —CO,) n n3MeHeHMe MX MOJIEKY/ISPHON OpraHu3aluu.
BesikoBbIe TMAPOMM3ATHI COAEPKAT He TONbKO OGMOAKTMBHbBIE TEITHU]IbI,
KOTOpbIe TPECTaBISIT c060ii HeGombiume bparMeHThl 6enKka, UMero-
e 2-20 aMMHOKMCIOTHBIX OCTaTKOB M MOJIEKY/ISIDHbIE MacChl MeHee
6000 Da [9], Ho 1 6osee BBICOKOMOJIEKYJISIpHBIE (DparMeHThI.

Buonornyecky akTMBHBIE TENTHUIABI IIPU BBICBOOGOXKIEHMU IIPOTEO-
muTyeckumyu hepmMeHTamMyu MOTYT B3aMMOJENCTBOBAaTh C COOTBETCT-
BYIOIIMMM pellelITOpaMy M peryaupoBaTh (usuonornyeckue GyHKIUN
OpraHM3Ma, pOosIBJISISI aHTUOKCUAAHTHbIE, aHTUOAKTepUAIbHBIE, TPOTH-
BOTPMOKOBbIE U ApyTMe GU3Moaornyeckye CBOCTBA.

VIMeHHO 671arofapsi aHTMOKCUIAHTHBIM CBOJCTBAM GeKOBbIe TMIPO-
JIM3aThl ¥ GMOIOrMYECKY aKTUBHbBIE TIEIITUBI SIBJISIIOTCS TIePCIIeKTUBHOM
aNbTEePHATMBOM CUHTETMUYECKMM KOHCepBAaHTaM B COCTaBe MMILIEBbIX
CUCTEM M aKTMBHBIX YIAKOBOUHBIX MaTepMualoB. AHTMOKCUIAHTHbIE
MeNTHUABI OGBIYHO COCTOST U3 3—-16 aMMHOKMCIOTHBIX OCTATKOB, IPeJi-
CTaBJIeHHBIX B OCHOBHOM T'MCTUIMHOM, TMPO3MHOM, METMOHMHOM, LIU-
CTeMHOM, TPUIITOPAHOM U JIM3MHOM, KOTOPbIE TAKKe MPOSIBIISIIOT aHTU-
OKCMIAHTHYIO0 aKTUBHOCTb B cBO60gHOII popme [10,11].

BroakTuBHbIE MTEeNTUIBI, PA3pbIBasi Lellb CBOOOAHOPAMKATbHbIX pe-
aKIIMif, MOTYT MHTMOMPOBATh CKOPOCTh (hepPMEHTATUBHBIX U HedhepMeH-
TATUBHBIX IIPOIIECCOB OKMUCIEHMS], UHAKTMBMPOBATb CBOGOAHBIE pa/iMKa-
JIBI, IPOSIBJISISI aHTMOKCMIAHTHBIE CBOVicTBa [12].

Kpowme Toro, 6raromapsi IOBepXHOCTHO-aKTVBHBIM CBOMCTBaM, Gel-
KOBBIe TMIPOIN3aThl MOTYT pacIoaraThCsl Ha ypoBHe TpaHMIIbI pa3jerna
(a3 Mac1o: Boja B MUILEBIX SMYJIbCUSIX, CO3/1aBast pu3uueckuit 6apoep,
MUHUMMU3UPYIOIMI KOHTAKT JIMIIUAOB C OKMCIUTensImu [13].

BroakTBHbBIE TMAPOIM3ATHI MTOAYYAIOT IIPY HAIIPABIEHHOM TIMIPO-
JVI3€ TIONMMepHBIX GelKOBbIX MoeKy/. Haubonee 5KOIOIMYHBI METOZ,
rnoayueHus: — GpepMeHTaTUBHBIN TUAPOIN3, B TOM YMC/Ie TTPOTEOTUTH-
yeckuMy GepMeHTaMM KyJlbTyp MMUKPOOPTaHM3MOB. V3MeHsIs1 yClnoBust
¥ mapaMeTpsl pepMeHTAIMY BO3MOXHO MOTy4YaTh GENIKOBbIe TUAPOIN-
3aThl € 3aJaHHBIMMU (YHKIVOHATBHO-TEXHOIOIMYECKUMU U GU3NOIOTK-
4eCKVMM CBOVICTBaMM.

B MHOrOYMC/IEHHBIX MCC/IENOBAHMSIX JIOKA3aHbl TEXHOIOTMYeCcKue
CBOJICTBA I'MIPOIM3ATOB KOJUIareHa, YTo I03BOJISIeT LIMPOKO NIPUMEHSITh
MX B KQUeCTBe IMY/IbIUPYIOIMX U CTAOMIN3UPYIOLIVX KOMIIOHEHTOB [P
MOJTyYeHUI Pa3HBbIX BUIOB SMYJIbCUI, CYCIIeH3MiA, reneit, a Takoke st
dbopMmpoBaHMs YCTONYMBBIX MUIIEBBIX cucTeM [14,15].

DYHKIMOHAIbHBIE U TEXHOJNOIMYEeCcKye CBOJMCTBA KOJUIAareHOBBIX
6eJIKOB MOTYT GbITH IieJieHAINIpaBJIeHHO MOAMGUIMPOBAHbI B MPOIecce
9KCTPaKUUYU U ruaponusa. PyHKIMOHANIbHbIE CBOJICTBA, IPOSIBIISIEMbIe
6e/IKOBBIMM THPOJIM3aTaMM, [IONTYIeHHBIMY B pesynbprare (epMeHTa-
TUBHOI 06pab0TKM, 3aBUCST OT IPUPOABI Cy6CTpaTa, OT CHeIUPUUHOCTI
MCIIoNb3yeMoro ¢hepMeHTa U OT YCIoBMii ruaponu3a [16].

JTokazaHa 3aBMCUMOCTb Ielie06pasyIoNMX CBOCTB ¥ BOLOYLePKMBa-
I01I[eli CITOCOGHOCTY I'MAPONIM3aTOB KOJIJIareHa OT TeMITePATyPbl M YPOBHS
pH B mporecce ruaponu3sa. Kpome Toro, ycTaHOBJIEHO, UTO Ha GOPMUPO-
BaHMe TeXHOJOTMYEeCKMX CBOMCTB Oesika 3HAUUTENbHO BAMSIOT MOBEPX-
HOCTHBIN 3aps]l, pacipeseseHye MONEKYISIPHOJ MacChl U TeMIlepaTypa
JeHatypauumu [17].

Li n mp. (2013) rmpoaHamM3upoOBajy, UTO Ha PaCTBOPUMOCTDb TVAPOJIN-
3aTOB KOJI/Iar€HA BIIMSIET ero MOJIeKy/ISIpHAst CTPYKTYpa, Haluuye MOHU3U-
PYEMBIX MOJSIPHBIX TPYIIIL, 06Pa3yIOMMXCs IPY TUIPONN3e, SeKTPOCTATH-
yeckue ¥ ruapodoOHbIe B3aMMOAENCTBIUS OTAENbHBIX (PYHKIMOHATbHBIX
rpymr. TexHomornyeckye CBOMCTBA KO/UIAreHa TeCHO CBSI3aHbI C ero Mo-
JIEKY/ISIPHO-MAaCCOBBIM paclipefiesieHyeM, KOTOpOe 3aBUCUT OT XapaKTepy-
CTMK CBIPbSI ¥ OT YCJIOBMIA ITpoLiecca roaydeHus marepuana [18].

BesikoBble I'MIPONN3aThl, IIOYYeHHbIE 13 KONIareHCoAepXKallero chl-
Pbsl, IMMPOKO UCIONb3YIOTCSI B MUILEBOI M GMOMEIMIIMHCKON OTpacin,
apmareBTMUECKOI MHXXEHepuM, YTO OOYCIOBIEHO MX YHUKAIbHBIMU
CBOJICTBaMMU, BbICOKO 6GMOCOBMECTUMOCTBIO, CIOCOOHOCTHIO K 610K -
YeCKOMY Pas/IOKeHNI0, HU3KOM aHTUreHHOCThIo [19,20].

BesikoBble TMIOPOMU3ATHI SIBJASIOTCS KOMILIEKCHBIMM CTPYKTypamu,
KOTOpbIe UIPAIOT KIIOUEeBYI0 posib B hopMupoBanum GyHKIMOHATBHBIX
CBOJICTB ¥ ONHOPOZHOCTYM KOMIIO3MIIMOHHBIX COCTABOB IUIEHOK. DTU
KOMITOHEHTbI 00YC/IaBIMBAIOT TEXHOIOTMYECKMEe CBOVICTBA ITOIMMEPHbIX
CHICTeM, TIPOSIBIISS BOLO- M JKUPOYZAepKMBalolIMe CBOMCTBA, reneobpa-
sytomye u crabmimsupyomne 3¢dexkTsl. B HemaBHUX MCCIEIOBaHUSIX
ObIJIO IOKA3aHO, UTO BBICOKAsI PACTBOPMMOCTb GETKOBBIX KOMIIOHEHTOB
MHTeHCU(DULIMPYET UX BCTPaMBaHME B CTPYKTYPHYIO MaTPUILLy KOMITO31-
TOB, 00yCJIaB/IMBAET TOMOT€HHYIO CTPYKTYPY U Y/IydllleHHble MexaHuJe-
ckue xapakrepuctuku [21]. Harpumep, nccinenoBanms pucoBoro 6eka
M ero TMAPOIM3aTa MoKa3aln, YTO U3-3a IUI0X0H PacTBOPUMOCTHM Oeska
Y IJIEHOK 06pa3yeTcs IIepOX0BaTast IOBEPXHOCTH ¥ YXYAIAIOTCS CBOJICT-
Ba. B TO BpeMsI KaK IJIeHKY ¢ f,06aBIeHeM TMAPOIN3aTa PUCOBOTO Oeka
00671aJaI0T TPEBOCXOIHOI PACTSDKMMOCTBIO G1arofapsi Xopoureit pactTBo-
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pumocTu ruaponusara B Boge [22]. lpu moGaBineHun B Guopasiarae-
Mble IJIEHKM Ha OCHOBE XMTO3aHa GEeJIKOBBIX TMAPOIM3ATOB MOJOYHON
CBIBOPOTKM YCTAHOBJIEHO He3HAUMTeIbHOE MOBbILIEH)e PaCTBOPUMOCTI
JIEHKY, YTO aBTOPbI OOBSICHSIIOT BHICOKOH PaCTBOPUMOCTbIO CAMOTO I'M-
nponusata. Kpome TOro, BBeeHVE ChIBOPOTOYHOTO GETKOBOTO TMIPO-
JM3aTa 3HAUMTENbHO IOBBIIIAN0 MPOYHOCTh KOMITIO3UTHBIX TJIEHOK M3
XUTO3aHa. YueHble CBSI3bIBAIOT 3TO C KOBAJEHTHBIMM B3aMMOZeECTBIU-
SIMM MeKIy aMUHHBIMM TPYyIIIaMy XMTO3aHa M KapOOHOBBIMM TpyIINa-
MM aMUHOKMCJIOT MOJIOYHO CHIBOPOTKM, TO €CTh C MEXKMOJIEeKY/ISIPHbIM
CIIMBaHMEM, 3a CYeT KOTOPOTO IOBBILIAETCSI MexaHuyecKasi IPOYHOCThb
1eHOK [23]. Kupoamynbrupyiomiye cBoicTBa 6eKOBBIX IMIPOIN3aTOB
VMMEIOT ITOTEeHIVAN JIS1 CTabMIM3aly MMKPOIMY/IbCHA, BCTpaBaeMbIX
B COCTaB OGMOAKTMBHBIX IJIEHOK [24]. Takxke, HaIpuMep, YCTAHOBJIEHO,
YTO HaJM4Me MOJMSPHBIX IPYII, 06pasyeMbIX B pesynbrare (hepmeHTa-
TMBHOTO I'MIpPOM3a PbIGHOrO 6eska, MpyiaeT MoTydaeMbIM IVIPOIN-
3aTaM XOPOIIYIO BOZOYAEPKUBAIOLIYI0 CrIOCO6HOCTD. [IeHku ¢ no6as-
JIeHVeM TaKuX TMIPOIM3aTOB Geka ¢ IOJISIPHBIMM IPyIIamMu 06/1agaoT
BBICOKO# rMAPOOUIBHOCTBIO ¥ BOLOIOIIOIIEHNEM, YTO 06YCIOBIMBaeT
CHIDKeHMe YI/Ia KOHTAKTa TUIeHKY ¢ Bogoii [25].

MHorue YUyeHbI€ YKa3bIBalOT Ha BBICOKYIO ITPOTEOIUTUYECKYIO aKTUB-
HOCTb 6MbuI06aKTePMIL, TPOMVIOHOBOKUCIIBIX GAKTepUit 1 auumopuiIb-
HoIt nanouku. CuHepretuueckuii 3deKT oT Bo3eicTBuUST Ha GETKOBBI
cyberpaT GepMeHTOB, MPOLYLMPYEeMbIX MMKPOOPraHM3MaMM, a TakKe
TaKyX IIPOAYKTOB MeTabonM3Ma, Kak OpraHnveckyie KYCJIOTHI, [TI03BOJISET
rpeo6pa3oBaTh MMOMUIENTHUIHbIE LeN CIOKHBIX OelKOB B 6osee Mpo-
CTbI€ MTEeNTHUIBI 1 CBOGOSHBIE aMVHOKVCIIOTHI.

B cBs131 € aTUM TePCIeKTUBHO UCII0JIb30BaHME NAHHBIX BUOOB 6aKTe-
pwit 71 TpOBeIeHMsT MUKPOOHOI hepMeHTaLMy GeNKOBBIX CYGCTPATOB,
Harpumep, B BUJie CyOIPOAYKTOB MTUIBI ¥ MOJIOYHOM CHIBOPOTKMA.

C TouKkyM 3peHMst Ipeobpa3oBaHMsI BTOPUYHBIX ChIPbEBBIX PECYpPCOB
MIPeATIPYSITMIA TUILEBOI OTPacay B GeIKOBble KOMIIOHEHTHI 1 JOOaBKH,
MCTIONb3yeMble M B IIPOU3BOACTBE GMOpasiaraeMbiX MaTepuanos, 6uo-
KOHBepCUSI SIBJISeTCS MHOTOOOEIIA0NIMM ITOIX0IOM KaK K COXPaHEeHUIO
MPO/IOBOIbCTBEHHBIX PECYPCOB, TAK M K 06ECIIeYeHMI0 IKOMIOTUUECKOTO
6raronomyuns.

Llenblo MCCIENOBAHUI SIBISIETCS YCTAHOBJIEHME (QYHKLUMOHATbHBIX
Y TEXHOTIOTMYUECKMX CBOMCTB GENKOBbIX TMIPOIU3ATOB, IIOTyYeHHBIX MU-
KpOGHOI epMeHTaIMelt CYyOIIPOAYKTOB IITUIIBI B MOJIOYHOM CHIBOPOTKE
B IPUCYTCTBUM 6MbMI06aKTePUil, TPOIMOHOBOKMC/IBIX OaKTepuii 1 auu-
IOQUIBHOM MNaJoyKM, KaK IOTEHLMAJbHOTO aKTMBHOTO KOMIIOHEHTa
[JIEHOYHBIX TIOKPBITHUII IJI51 TIPOAYKTOB IIUTAHMS.

2. O6G'BEKTHI M METOABI

OO6beKTOM UCCIeOBaHUIT SBISIOTCS OenkoBble Tupposnn3satel (BI),
MOTyYeHHbIe MUKPOGHOII (hepMeHTaIIVel SKeyJKOB LbIIIISIT-0p0oiiiepoB
B MOJIOYHOJ CbIBOpOTKe. TexHoIornyeckas cxema IosydeHns 6eIKOBbIX
IMAPONN3ATOB TIpefcTaBleHa Ha PucyHKe 1, onTyMasbHbIe ITapaMeTphl
rporecca TMaponan3sa (TeMrepaTypa, MpoAOIKUTENTbHOCTb, KOTMUECTBO
3aKBAaCKM) GbUIM YCTAHOBJIEHBI B pe3yiabTaTe MHOTO(aKTOPHOTO 3KCIIe-
pUMeHTa B paHee OITy6IMKOBaHHOI paboTe [26].
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PucyHok 1. TeXHOJIOrMYeCKask cxeMa IOTyJYeHus: 6€TKOBBIX
TUAPOIN3ATOB (CO3/IaHO C TOMOIIIbIO BioRender)
Figure 1. Technological scheme of production of protein hydrolysates
(created using BioRender)
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B KauecTBe GMOIOTMYECKMX areHTOB IJIs1 (hepMEHTALMU UCIIONb30-
Ba/IM 3aKBACKM, IMpefcTaBaeHHbie B Tabmuile 1; sKUAKUIT KOHIEHTpAT
6ubnnobakTepuit M KOHIEHTPAT MPOIMMOHOBOKUCIbIX 6akTepuii «IIpo-

noHMKCe» npoussoncTsa 000 «IIponmonuke» (Poceust), 3akBacka «Anu-
noduma» (000 «Bak3apas», Poccust).

KonnuecTBo BBOOMMBIX OaKTepUalbHBIX IIPENapaToB COCTABIISIIO
1-108 KOE/cm?.

Tab6nuia 1. 0603HaueHe 06pasIOB GEIKOBbIX TUAPOIN3ATOB
Table 1. Designation of the samples of protein hydrolysates
0O6o3Hauenue BI'
BIr-K BI-A BI-II BI-b

06e3xMpeHHbIe JKeTYAKY LBIUIT-6poiiepoB + + + +

Kommnonent BI'

MosnouHasi CbIBOPOTKa + + + +

3akBacka «Aumnodunun» (Lactobacillus
Acidophilus, Streptococcus thermophiles)

JKupxuit KoHLeHTpaT «IIpONMOHMUKC»
(Propionibacterium freudenreichii shermanii - - + -
KM 186)

JKupxuit KoHueHTpaT 6udumobakTepuit
(Bifidobacterium longum B379M)

V MOMyYeHHBIX GENKOBBIX TMAPOIU3ATOB ONPEAesIN TeXHOIOTYe-
CKMe TIoKaszartenu (PacTBOPUMOCTbD, KUPOYIEPKUBAIOIIAsl, BIaroymep-
SKMBAIOLIASI, SKMPOIMY/IbTUPYIOIAsT CIIOCOGHOCTM) U (DYHKUIMOHAIbHBIE
CBOJICTBA (aHTMPAMKaAIbHAs AKTUBHOCTb, AaHTUMOKCHMAAHTHAS CIIOCOO-
HOCTD).

Ilnst ompemenieHust XUpoyaepskuBaioiieit criocoornoctn ()KYC) HaBe-
cky BI' maccoii 5 r momerany Bo B3BeLIeHHYIO TPalyPOBaHHYIO LIeHTPHU-
byskHYI0 TPOOUPKY, H06aBsI 30 MJT pabMHUPOBAHHOTO U 1€300PUPO-
BAHHOTO MOACOTHEYHOTO Macyia. CMech IlepeMellnBaiu B TeueHne 1 MuH
TpY CKOPOCTM BpauieHus: MarHuTHO! Mmernanku Stegler HS (Shanghai
Jingke Scientific Instrument Co, Ltd, Kutait) 1000 06/MuH, oTCTauBammn
30 MmuH, ocsie vero eHTpudyruposamu 15 mus mpu 4000 06/MWH B 1IeH-
tpudyre LJIV-1 «Opbuta» (HIIO «BeTuHcTpymeHT», Poccust) u B3BeIn-
BaJI MPOOUPKY ¢ GeKoM M MaciaoM. Heamcop6upoBaHHOE Macio Cu-
BaJIM, MPOOUPKY YCTAHABIMBAIM B HAKIOHHOM IOJIOKEHUM IIOJ] YIIIOM
10-15° Ha 10 MuH 151 ymaneHus OCTaBIIErocs Macja, 3aTeM MPOOUPKY
B3BeIBaJIN.

JKYC paccumnTsiBanu o Gopmyie:

a-b
c
IJe a — mMacca mpoOupKyM ¢ 6EIKOM U CBSI3aHHBIM MacIOM, T';
b — macca mpoOupKu ¢ 6eIKoM, T;
¢ — HaBecka 6ejka, I.

KYC= -100 ),

Ornipenenenue BiaroyaepxkuBaoiieii crocobuocty (BYC) mpoBoanan
aHanornvHo JKYC, HO BMeCTO IOZCOTHEYHOTO Macia B LeHTPUdyKHYI0
MPOOUPKY J06ABIISIIN BOLY.

BYC paccunTsiBanu o dhopmyiie:

d-b
BYC = 100
rae d — mMacca Ipo6upKyM ¢ 6eIKOM U CBSI3aHHOJ BOZOA, T.

),

IS oTipefieNieHust JKUPOIMYIbrupyoleii ciocooroctu (JKOC) HaBe-
CKy TMAPONIM3aTa Maccoit 3,5 r momeanu B 6ieHzaep, nooasasiii 50 M
IVCTU/UTMPOBAHHOV BOABI ¥ TOTOBMIIM CYCTIEH3MIO B TeueHne 1 MUH mpu
4000 06/MuH. 3aTeM B cMmech 406aBisuin 50 MJI TIOACOTHEYHOTO Maciia
¥ 9MYJIbTUPOBAJIU B GIeHAepe 5 MUHYT. IMYIbCUIO TIOMEIIAN B IPagyn-
POBaHHYIO TPOGUPKY U LeHTpudyruposamu B ueHTpudyre LIJIV-1 «Op-
6uta» (HIIO «BetTunctpymeHT», Poccus) 5 muayT ripu 2000 06/MuH.

JK3C paccunThiBamm mo popmyiie:

V3
JK9C=—--100-100 3),
VO
rae V, — 06beM 3MyIbIMPOBAHHOTO CJIOST, MIT;
V, — obuinii 06beM cMecH, M.

Jlns1 onipeznesieHMs paCTBOPUMOCTY B MEPHBII CTakKaH BMeCTMMOCTBIO
100 cm® momemtanu HaBecky BI' B KomuecTBe 3,5 1. HaBecky pacTtBopsi-
JIV HeGOMBIIMMM [TOPLMSIMU BOJbI TeMIIepaTypoii (40*2) °C, TiaTeabHoO
pacTupasi KOMOUYKY CTEK/ISTHHO ITalouyKoii, JOBOOWIN 00beM BOZLOI 10
50 cM® 1 BbIIEPKMBAIIY TIOJyYE€HHBII PaCTBOP B TeueHue 15-20 MyH mpu
temneparype 18-25°C. PactBopeHHbiit BI' mepemenBany, 3amomHsIIN
VMM IpeBapUTeIbHO B3BeIleHHble LEeHTPUdYKHble IPo6MpKu. IIpo-
6upku eHntpudyruposamu (HIIO «BetuncrpymeHT», Poccust) B TeueHne
5 myH. IIo okOHUaHUM LEeHTPUQYrMpoOBaHMS TP OTCYTCTBUY YETKOM
IPaHMIIbl HAJOCaJOUHYIO XXUIKOCTb CIMBaIM, OCTAB/ISS HAJl 0CaIKOM ee
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CJ10¥i BBICOTOJ OKOJIO 5 MM. 3aTeM JA0JIMBaIM B IPOGMPKYU BOLY TeMITepa-
Typoit 18-25°C 0 BepxHeil MeTKM, [TepeMelIBaIU COLePXKUMOe TPOo-
GMPOK CTEK/ISTHHO Ta04YKOi, 3aKPbIBAIM MPOOKAMU U LIEHTPUPYTUPO-
BaJIM B TeueHue 5 MyH. 13 mpo6MpoK yoaisin HaloCaA0uHYI0 JKUAKOCTb,
MOJICYIIMBAIM C OCTaTKOM M B3BelIMBaiu. [Io pa3sHOCTM Macc MyCTOit
MPOGUPKIM U ITPOGUPKIM C OCTATKOM OIPEIENISIN PACTBOPUMOCTB (%).

CpemHuit TMOpOAVMHAMMUYECKMiT pa3mep uactui] B BI' ompepens-
JIM Ha aHajam3atope pasmepa yactuil Microtrac FLEX (Microtrac Inc.,
Montgomeryville, CIIIA).

V MOMyYeHHBIX GeNKOBBIX TMAPOIM3ATOB MCCIEIOBANM MOJIEKYJISIP-
HO-MaccoBOe pacrpejeneHue MenTuAoB MeTonoM YB3IXKX, coBme-
LIeHHO C Macc-CIIeKTpOMeTpueit, ¢ MoCIeylleil uaeHTuduKannein
MOTyYeHHBIX TeNnTUIoB. XpomMaTorpaduueckoe pasjieneHue uccienye-
MBIX MENTUAO0B MPOBOLWIM C UCIHOIb30BaHKEM cucTeMbl YBIXKX 1290
Infinity (Agilent Technologies, Canrta-Knapa, Kanudopuus, CIIA), aHa-
nuTndeckoii kononku AdvanceBio Peptide Mapping 1204 (2,1x250 mm,
pasmep uvactui, 2,7 MKM (Agilent Technologies, CanTa-Knapa, Kammu-
dopuus, CILIA) u aHaMUTUUYECKOIT 3aIUTHOI KomoHKM ZORBAX Extend-
C18 (4,6 x12,5 mm, 5 mrm) (Agilent Technologies, CanTa-Knapa, Kamu-
dbopuus, CIIA). TonsyskHyo dasy, H,O (A) u ACN (B), npurotoBeHHbIe
¢ 0,1% mypaBbuHOIT Kucioroit (Sigma-Aldrich, Darmstadt, Tepmanust)
V/V, IPOKAUMBaIIN CO CKOPOCThIO0 0,2 MJI/MUH, 06beM BIIPbICKA COCTABJISIT
10 mx1. [Tompo6HO MeTOAMKA TIPOBENEHNS UCC/IeNOBaHMS ¢ 0603HAUEHM -
eM JICITOIb3yeMbIX IlapaMeTpoB omnycaHa B pabore [1].

O6Hapy)keHHbIe coeMHeHMs uaeHTubunmposanmm metrongom MC-dpar-
MeHTalMM C WUCIONb30BaHMEM IporpaMMHOro ob6ecriedenusi MSDIAL
(Bepcust 5.1, RIKEN CSRS, Yokohama City, Ironmst). Bonee 300 coenuHe-
HMIT GBIJIO TIOJTYYEHO C MIPUMEHEHMEM MMapaMeTpoB mporpamMmbl MSDIAL
C TOYHBIM JOITycKOM 1o Macce MS1-0,01/Ta u MS2-0,05 [Ta. KomuecTBeH-
HOe oIlpefie/ieH) e OCHOBHBIX IMEMNTHA0B MPOBOAWIN C MCIOIb30BaHMEM
KamOpOBOUHBIX KpMBbIX JleiTparnHa®; koadduumeHt perpeccun > 0,990.

AHTUpaIMKaAIbHYIO0 aKTUBHOCTH 1%-HbBIX PACTBOPOB OETKOBBIX TMAPO-
Jn3aToB onpenensiiu metorom DPPH. [liis mccnemoBaHmii MCIIONb30BaIN
pactBop: 0,025 r 2,2-nudenwmn- 1 -mukpunruapasuina (DPPH, Central Drug
House Ltd, Daryaganj, Delhi, India) B 100 mut stanona. 0,5 M pactBopa BT’
cMmemmBam ¢ 3,6 Mt pactBopa DPPH, MHKYOMPOBaji B TEMHOTE B Teye-
Hue 30 muH. [TorioleHne U3Mepsiu Ha crieKTpodoTtomeTpe Jenway 6405
UV/Vis (Jenway Ltd, Felstad, Benmko6puranmus) npu 515 Hm [27].

Papuxan-nornomarouryo aktuBHocTb (PITA) DPPH paccunTbiBaiu 1o
dopmyre, %:

— Ak_Ai o
PHADPPH—T- 100% 4),
k
roe Ak — 3HaueHMe OMTHUYECKOI IUIOTHOCTM MJIT KOHTPOIHHOTO 06pasiia;
Ai — 3Ha4YeHMe ONTUYECKO IIJIOTHOCTU uccienyemoro 06pa3ua.

Taxske ompenensnu sHaueHue mokasaress IC, ), KOTOPbI XapakTepu-
3yeT KOHLEHTPALMIO BellecTBa, CBs3biBaiomero 50% o6pa3oBaBIIMXCS
papukanos DPPH. Benmunny IC, paccumTbiBaam 10 rpaduKy 3HaUYeHMIA
PIIA ., (%) JUIsl pasiMUHbIX KOHLEHTpaLuii GelKOBbIX TMAPOIM3ATOB
(ot 0 mo 9 mr/mut). 1715t 3TOrO TOTOBUIIM cepuio pa3Benennit BI' B KoHIleH-
Tpanusax 1, 3,5, 7 1 9 Mr/miu1 1 U3MepSUIM UX aHTUPALVKATbHYIO aKTUB-
HOCTb. [10 OTyYeHHBIM JAHHBIM MOCTPOUIIY TPadUK, 10 KOTOPOMY yCTa-
HOBWIV 3HauYeHune Bennunusl IC, .

AHTHOKCHMIAHTHYIO criocobHocTh (AOC) BI' anekTporeHepupoBaH-
HbIM 6POMOM OITpeeNsIi METOLOM KyJIOHOMETPUYECKOTO TUTPOBAHMS
Ha KynoHomeTpe «3JkcnepTr-006» (HIIK OO0 «3koHMKC-IKcIept», Poc-
cus). [Iyig aHamm3a UCIoib30Banu 1%-Hblii CIMPTOBBIN pacTBop BT, 06b-
eM aJMKBOThI cocTaBsii 1 M. B kayecTBe stasioHa npumensin 0,1%-ii
pacTBOp acKOpO6MHOBON KUCTOTHI. CyMMapHYI0 aHTMOKCUIAHTHYIO aK-
TUBHOCTH B IlepecyeTe Ha T aCKOPOMHOBO KucaoTel Ha 100 cm® mpobbl
BbIUMC/ISIN 110 hopmyre (5):

x=0-—oVu )
< 100-I-¢ ’
rme Q — cyMMapHasi aHTMOKCUIAHTHAS! aKTMBHOCTb aHAIM3VPYeMOi TPOGBI
B KOJIMYECTBE MEeKTpudecTBa, Ki;
C — KOHLIEHTpaIysl aCKOPOMHOBOI KMCIOTHI B CTAHAPTHOM PacTBOpe B T
Ha 100 cm® pacTBopa;
I — cuna Toka (50 MA);
t — BpeMs1 JOCTIKeHVISI KOHEUHOI TOYKY TUTPOBAHMS, C;
V_, — 006beM anuKBOTBI, CM°.

Pe3ynbTaThl BbIPAKaIM B MI-9KB. aCKOPOMHOBO KUCIOTHI / T BI.

AHanu3pl IPOBOAWIM B MSATY TOBTOPHOCTSIX; KaXK0€ U3MepeHMe M0-
BTOPSUIM TPVWKIbI. Pe3ynbTaThl BbIpaskaiy Kak CpefHMe 3HAUEHMUS IISITU
M3MepeHuii = cTaHAapTHOE OTKIOHEeHVe. 3HaueHust BepositHocTu p < 0,05
OBUTV B3SITHI 151 0003HAUEHMS CTaTUCTUYECKOV 3HAUYMMOCTU. [|aHHbIe

6GbUIM TIPOAHAIM3MPOBAHBI C IIOMOIIBI0 OFHO(MAKTOPHOIO AUCIIePCUOH-
HOTO aHayM3a 1 Tecta ThIOKM C MCITO/Ib30BaHMEM ITPOrPaMMHOro obecrie-
YyeHust B CBOOOJHOM JIOCTYIIe, TpeiokeHHOro Assaad u ip. [28].

3. PesyabTaThl M 06CYKAEHME

TexHOMOrMYECKYe CBOMCTBA KOMIIOHEHTOB KOMITO3MI[MOHHbIX MaTe-
pHMAJIOB B COBOKYITHOCTY BIMSIIOT Ha GOPMMPOBaHME OFHOPOIHBIX U CTa-
GUIBHBIX KOMIIO3MI[MOHHBIX COCTaBOB IJISI [TOC/AENYIOIIEro IOMyYeHMs
IJIEHOK C HeO0OXOIMMBIMM CBOJCTBaMM. [IoMMMO OCHOBHOI CTPYKTYpO-
o6pasyomieii MaTpUIbl B Byl MIPUPONHBIX GMOIIONMMEDPOB, B KOMIIO-
3UIVMOHHBIE COCTaBbI J0GABSIOT TUIACTUGUKATOPDI ¥ IMYIbIaTOPbI TSI
YIy4IIeHMs] TMOKOCTY, PACTSDKMMOCTY U CTAaBMIIBHOCTY CTPYKTYPBI ILTe-
HOYHOT'O ITOKPbITHSI. [I03TOMY /IS TIOJTyYeHMsT OTHOPOJHBIX CTAOMITbHBIX
IUIEHOK € 106aBieHyeM GeKOBBIX IMIPOIM3ATOB B KAUECTBE aKTUBHOTO
KOMITOHEHTA BayKHO ITOHMMaHMe UX TEXHOJIOTUUECKUX CBOVCTB.

Pe3ynbraThl ONpeeseHys! TeXHOIOTMYeCKMX Mokasaresneit BI' mpen-
craBJieHsl B Tabmmiie 2.

Tab6nuna 2. TexHomormyeckue noxasarenu bBI'
Table 2. Technological indicators of protein hydrolysates

3HaueHue IoKasareJsi A1 IMApoIM3aTa
BI-K BI-A BI-IT BI-b

IToxka3arenb

JKupoyznepskuparoast

CTIOCOBHOCTD. % 139,5+1,94¢ 238,1+1,93* 220,5+1,58¢ 351,1+3,29*

BnaroygepskuBaronas

CTIOCOBHOCTD. % 170,3%2,13¢ 274,3+1,81¢ 315,0+2,67° 363,0+1,83°

JKupoamynbrupyoas . ¢ b a
CII0COBHOCTD, % 47,2%0,27¢ 48,3+0,42¢ 53,2+0,43"> 61,0+0,64
PactBopuMoOCTb, % 88,9+1,22* 91,2+0,80° 90,1+1,49* 91,4%0,81*

Ipumeuarue: 3HAYEHUS TTPEICTABIISIIOT COOOT CpefHME 3HAUEH VIS + CTaHAAPT-
HO€ OTK/IOHEHVe OT CPeAHEro 3HaUeHusI /IS TPYIIbI n = 5. CpegHye 3HaUeHUsT
B cTo61e 6e3 061Ielt HafICTPOUHO 6YKBBI pasanuaioTcs (p < 0,05) 1Mo JaHHbIM
0fHO(AKTOPHOTO AUCIIEPCMOHHOTO aHau3a 1 TecTa ThIOKM.

Pe3ynbTaThl OLIEHKM TEXHOJIOTMUYECKMX CBOJCTB IOKasaay, YTO BCe
MCCIeyeMble TUAPOAM3aThl 06/aJal0T JOCTATOUHO BBICOKONM pacTBO-
PMMOCTBIO HE3aBMUCUMO OT BUJIa MUKPOOPTaHM3MOB U UX MPUCYTCTBUS
B CBIBOPOTKE Ipy (epMeHTaIy, YTO GIATONPUSITHO AJIST TOTyYeHUs
TOMOTEHHBIX PaCTBOPOB ¥ KOMIIO3MIIMIA. BbICOKast pacTBOPMMOCTD L0O-
KasbIBaeT nmpucytcrsue B BI' menTumos ¢ ruipodmabHbIMU CBOMCTBAMH,
a BKJIIOUEHME TaKMX KOMIIOHEHTOB B IJIEHKM yeunuBaeT 3 deKT rmiacTu-
dbukaropa, yBenmumuBaeT CBOOOLHbI 00beM MATPUIIbI IJIEHKY, BCIEJ-
CTBYIE U€ro OHa CTAHOBUTCS Gojiee TIPOHMUIIAEMOI U 06J1aiaeT BHICOKUM
3HaUeHyeM I1I0Ka3aTess [IapolpoHuLaeMocTu [29].

PesynbpTaThl MCCIEOBaHMII TIOKas3aaM CyLIECTBEHHbIE pa3IuUuMs
B 3HAYEHMSIX BJIArOyIepKMBAIOLIEl CIIOCOGHOCTM i PasHbIX BUIOB
BI. HauGosnbIast CriocOGHOCTh yIOEPKUBATh Biary ycraHosjeHa y BI,
noayueHHoro depmenTanueit 6udugobakrepusivmu — 363,0% (p<0,05).
Bricokast xkupoamynbrupymomas cnocobnocrs BI-IT u BI-B nokassiBaeT
MePCIEeKTUBHOCTD 3TUX IMAPONN3AaTOB [JIsI BKIIOUEHMSI B COCTaB IVIEHOK
Ha OCHOBE MMKPOSMY/IbCUIA, IJ11 KOTOPBIX BAKHO IPOSIBIEHME 3MYIIb-
TMPYIOIIMX CBOJCTB IPY B3aMMOJENCTBMM KOMIIOHEHTOB KOMIIO3UIIMMA.
Ipu ruaponn3se BCAeICTBME HAPYLIEHMS LeJIOCTHOCTY GETKOBBIX CTPYK-
Typ 06pa3yrTCsl MHOTOYMCIEHHbIE MENTHUAbI, 061amaoiye JTydImuMu
peaxkiOHHBIMY CBOCTBAMM 10 CPABHEHMIO C HATVBHBIMU GeIKaMu, YTO
B/IMSIET Ha CIIOCOOHOCTD yIaBauBaTh Macio [30].

OTMeueHO, YTO BK/IIOUEHME B KOMIIO3MLIMOHHBbIE COCTaBbl IIJIEHOK
ruIpOGMIbHBIX MOJIEKY/ MO3BOJSIET MPUIATh UM 6osiee OZHOPOIHYIO
CTPYKTYPY, UTO 06bsICHSIETCST 9((DEKTUBHBIM pPaBHOMEPHBIM AMCIIEPIU-
poBaHMeM MOJIeKyJl B albIMHaTHONM MaTtpuue [31]. [Toxoxuit pe3yabrar
MOTy4eH MPU UCCeA0BAHMUSIX XUTO3aHOBBIX IVIEHOK C BKJIIOUEHMEM B CO-
CTaB XOPOIIO PACTBOPMMOTO I'MIPOIM3ATa PUCOBOTO Gerka [22].

KocBeHHO O cTeneHu rMapon3a MOXKHO CYAUTD IO CpegHeMY pa3me-
py vactuy B BI. [TonydyeHHbIe pe3ynbTaThl OLIEHKM CpeHero pa3mMepa 4a-
CTULL B TMIpoM3aTax nepen Gpuabrpanyeil yepe3 MmeM6paHHbIi GuabTp
nuamMeTtpoM mop 0,45 MKM (PMCYHOK 2) COIIACyIOTCS C YCTaHOBIEHHBIMU
3HAYEHUSIMU JKUPOIMYIbIUPYIOIIEH ClTI0COGHOCTH [/ISl pa3sHbIX BMUIOB BI.

[pucyTCTBYIOIIME B TUAPONM3ATAX, TOTYUEHHBIX MUKPOOHON (ep-
MeHTalye, TPOAYKThI TMPONN3a XapaKTePU3yITCsI MEHBIINM TUIPO-
IMHAMUYECKUM AuaMeTpom (Ha 34,6-45,2%) Mo cpaBHEHMIO C KOHTpP-
OJIbHBIM TUAPOMN3ATOM. YaCTUIIBI C MEHBIIMM JUAMETPOM CITIOCOOHDI
60oee 3¢(HEKTUBHO BCTPaMBAThHCS B MATPUITy 6MIOKOMITO3UTOB.

AHanu3 MOJIeKY/ISIDHOJ MacChl BbISIBIEHHBIX B IMAPOIM3aTax MenTu-
o8B (PucyHoK 3) mokasas, 4TO B OCHOBHOM IeIITUAbI UMEIOT MOJIEKYJISIP-
Hy0 Maccy 10 1,5 k/la. BeIsiB/IeH ofyH MenTus ¢ MakKCUMaJIbHOI Morte-
KyssipHO¥ Maccoit 2,01823 k/la — RAGGGAGAAAAAVPGGAGPGGGRAAL.
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PucyHok 2. CpegHMii rMAPOAMHAMMUYECKNI JaMeTp YaCTUI],
(pasnuune B CpeSHMX 3HAYEHUSX /i1 00Pa3LoB C PasIMIHON

HaJICTPOYHOI GYKBOIi CTAaTUCTUUYECKU JOCTOBepHO (P <0,05))
Figure 2. Average hydrodynamic diameter of particles (difference in mean
values for the samples with the different letter is statistically significant

(p<0.05))
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Pucynok 3. KonuuecTBeHHOe pacrpeae/ieHVe BbISIBI€HHBIX
B BI' menTuoB, crpynnMpoBaHHBIX 10 MOJIEKY/ISIPHOI Macce
Figure 3. Quantitative distribution of peptides revealed in protein
hydrolysates grouped by molecular weight

Bonbiie Bcero menTuaoB okasanoch B bI-b (319), meHbllle Bcero —
B BI-IT (285). AHanu3 pacmipeneneHus MeNTUI0B MO GpakIysiM MoKasail,
YTO Ha JIOJII0 MENTHUI0B C MOJIEKY/ISIpHOI Maccoii 1o 0,5 k/la mpuxoauTcst
ot 26,3% y BI-Bb 10 26,9% y BI-A 10 OTHOIIEHMIO K 00IIeMy KOIUYecT-
By OOHapy)XeHHBIX ITENTUIO0B B JaHHBIX ruapoa3saTax. Hanbonee Beco-
MOJ1 okasasnach (pakuus MenTugoB ¢ MOJEKYISIpHO Maccoii ot 0,5 1o
1,0 kla — o1 49,5% y BI-I1 mo 52,3% y BI-K

Pe3ynbTaThl OLIeHKM aHTMOKCMUIAHTHOTO MOTeHIMana BI' kak akTuB-
HOT'O KOMIIOHEHTa GMOaKTVBHbIX II/IEHOYHBIX ITOKPBITUI ITPeCTaBIeHbI
B Tabnuiie 3.

Tabnuia 3. AHTMOKCUAAHTHBIE cBolicTBa BI'
Table 3. Antioxidant properties of protein hydrolysates

AOC, Mr-3KB.
Oo6pasen BT aCKOPOMHOBOI IC,, mr/mx DPPH, %
KUCIOTBI/T
BI-K 4,462+0,020° 2,994+0,015° 66,7+0,50°
BI-T1 5,784+0,0222 1,597+0,010° 68,1+0,26"
BI-B 4,271+0,015¢ 1,363+0,008¢ 76,5%0,41?
BI-A 4,813+0,011° 1,426+0,009¢ 67,4%0,18°

Ipumeuatue: 3HAYEHUS TTPEICTABISIIOT COO0TT CpefHME 3HAUEH VS + CTAHAAPT-
HO€ OTK/IOHEHVEe OT CPeAHEro 3HaUeHMsI AJIs TPYIIIbI n = 5. CpegHe 3HAUeHUST
B CTpOKe 6e3 0611l HaICTPOUHOI GyKBbI pasiauuaioTcs (p<0,05) Mo JaHHbIM
0nHO(AKTOPHOTO AVCIIEPCMOHHOTO aHau3a 1 TecTa ThIOKM.

PesynbTaThl ONpeeeHysl aHTMOKCUIAHTHBIX CBOVCTB BI' mokasam,
YyTO GEJIKOBbIE TUIPOIN3AThI, MTOMyYeHHbIe (GepmeHTalMelt, 06aaaoT
BBICOKMMM 3HAUEHVUSIMM aHTUPAIUKATbHOM aKTMBHOCTH 110 CPaBHEHMUIO
C TUIPONM3aTaMM, TOTyYeHHbIMM 6e3 BHeceHMs 6akTepuii. Tak, crioco6-
HOCTb TMIPOM3aTOB MHIMOMpPOBaTh paaukansl DPPH mocToBepHO BO3-
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pocta Ha 14,7% (p<0,05) ripu depmenTaiuyu 6uGumI06aKTEPUIMU 10
CPaBHEHMIO C KOHTPOJIEM, IIPY 9TOM ISl APYTMX OTBITHBIX 00pa3uoB BI
He GbIJIO CYIeCTBEHHBIX PAa3/INuMii B 3HAYEHMSIX aHTUPAIVKAIBHONM aK-
TUBHOCTY I10 CPABHEHUIO C KOHTPOJIIbHBIM 00Pa31I0M.

OpHaKo aHTMOKCHUIAHTHASI CITIOCOOHOCTD OKa3aach Ha 29,6% (p<0,05)
BbIlIe y 06pa3ioB B, momyueHHbIX GpepMeHTAaIeli MPOnMOHOBOKMCIIbI-
MM 6aKTepUSIMM, [0 CpaBHEHUIO ¢ KOHTposeMm, 1 Ha 20,2-35,3% (p<0,05)
BbIIIe OTHOCUTEIbHO OCTAIbHbIX OMbITHBIX 06Pa31[0B TUAPOIN3ATOB.

BbisiB/IeHHbIe 3aKOHOMEPHOCTH CBSI3aHbI C pas3anuusIMu B pabote dep-
MEHTATMBHOJ CMUCTEMbI Pa3HBIX BUIOB OGakTepuii B ZaHHOM cy6GcTpaTe.
MeTab0ommUThl 1 MeNTUIbL, ITonyYaeMble Ipyu depmeHTaumu 6udnnobakre-
PUSIMU Y TIPOTTIMOHOBOKMUCTBIMY GakTepusiMu, 6oree 3bGeKTVBHBI B MHI M-
6MPOBaHY CBOGOIHBIX PAIMKAIIOB U [T€PEKMCHOTO OKUCIEHNS JIUITU/IOB.

JlokazaHHAasl aKTMBHOCTb [TO3BOMUT CHOPMMPOBATDH BbIpaskeHHbIE aH-
TUOKCUIAHTHbIE CBOJCTBA OMOpasiaraeMbix IUIeHOK. Tak, Hampumep,
MpY UCCIeN0BaHMM GETKOBBIX TMAPONIN3ATOB CEMSIH XJIOMUaTHUKA OblIa
JIOKa3aHa MX BbICOKAsI aHTMOKCUIAHTHASI aKTUBHOCTb M YCTAHOBJIEH T10-
TeHILMaJl UCIIONb30BAHMS B COCTaBe IIEHOK M MOKPLITUIA [32].

3HaueHus] aHTUPaOMKaIbHOV akTuBHOCTM DPPH, BbIsiBIeHHBIE Apy-
MMM aBTOPAMM, CYIIeCTBEHHO OT/IMYAIOTCS, YTO, BUIMMO, CBS3aHO C MC-
10/1b30BaHMEM Pa3/IMYHbIX BUIOB ChIPbSI AJIS1 TIOyYeHMsI IUAPOIN3aTOB
U C TIpOBeieHMeM (GepMeHTalMy pa3HbIMM BUIaMu (epMeHTHBIX TIpera-
paToB: sl IKCTpaKTa hepMeHTHPOBAHHOM YTUHOI IledyeHM B KOHIeHTpa-
uym 1,0 Mr/Mi JaHHBIM [TOKa3aTenb yCTaHOBIEH Ha ypoBHe 60,57% [33];
6osee HM3KME 3HAUEHMSI BBISIBIEHBI [ TMIPOIM3ATOB YTUHOI [1eUeHy
[34] vt o1t ppIGHBIX TMIPOIM3ATOB B KOHLEHTpatyu 5 Mr/mi — 44,54% [35].

IIpy 9TOM B JIMTEpaType TaKKe OTMeYeHO MOJIOKUTEIbHOe BIUSHUE
BBefeHNs1 BI' Ha aHTMOKCUAHTHBIE CBOJICTBA YIIAKOBOYHBIX MaTepua-
JIOB; YCTAHOBJIEHO, UTO aJbTMHATHbBIE TUIEHKU C TMIPONMU3ATOM OENKOoB
CeMsIH XJIOITYaTHMKA 06/1afjaloT He TONbKO BBICOKOV aHTMPagUKaIbHOMN
Y QHTUOKUCIUTENBHO CTIOCOGHOCTHIO, HO ¥ MHIMOUPYIOImM 3dderTom
MIPOTUB [1aTOTeHHbIX MMKPOOPTaHM3MOB [32].

B Tab6nuiie 4 mpencrasieHa nHdopmanus 0 pa3paboTKax yrakoBOU-
HBIX MaTepuaaoB Ha OCHOBE GeTKOBBIX I'MIPOIM3aTOB U U30JSITOB € 060-
3HAUeHMeM MX BIMSHMS Ha pas3ayuHble CBOJICTBA IIJIEHOK.

Ta6nuia 4. Pa3pa6oTKy GMOAKTUBHBIX IVIEHOYHbIX MaTepUaIoB
C aKTMBHBIMMU OEIKOBBIMY KOMIIOHEHTaAMM
Table 4. Results of the development of bioactive film materials
with active protein components

]
BenkoBbIit §
KOMIIOHEHT VYcraHOBIeHHbIE GMOAKTUBHBIE CBOVICTBA 2
TIJIEHKN 3
=
mppomusar  Ilpy yBemueHMM CTENEHY TUIPOIM3a PArCoBbIi Ge-
pancoBoro JIOK TpKUaaBajJ KOMIO3UTHBIM IUIEHKaM Ha OCHOBe
Genka XMTO3aHa Gojiee BBICOKYIO IVIOTHOCTD ¥ IIPOYHOCTb Ha  [36]
pa3psiB. KoOMIIOHEeHT 06s1aiaeT BBICOKOI aHTUMMUKPOG-
HOJt aKTUBHOCTbIO.
I'mppomusat  IIpucytcrBue I'BP yBenmunBaao pacTBOPMMOCTh B BO-
6enka ppIObI  [1e, MApONPOHUIIAEMOCTh, YIJIMHEHNMe MpPU Das3pbiBe
(T'BP) W TIOXKeNTeHMe IIeHOK. Duile, MOKPBITOe IJIeHKaMu
¢ I'BP, comepskano 6Gomee Hu3Kue 3HaueHus: obuiero [37]
KOJIMYECTBA JIETYYMX OCHOBaHMIt 1 pH ¥ 3HAUUTETbHO
3aMeJJISZI0 pOCT MMKPOOPTaHU3MOB, MPOAYLMPYIO-
LIUX CePOBOLOPOZ,
Tugponusat  ViyulleHKue MeXaHMYeCKUX CBOVCTB IIEHOK, IOyde-
>KelaTyHa M3  Hye aHTMMMKPOOHBIX ¥ aHTMOKCUIAHTHBIX CBOVICTB [38]
KOXM Kapra
I'mpponusatr  Bonee BbicoKMe cBoicTBa YP-6apbepa. CHU3UIOCH YN -
6enka HEHVIe Ha Pa3PbIB 1 IPOUHOCTh HA PACTSDKEHNE, A TAKKE g
KapakaTUIbl  TUAPOGMOGHOCTD; TOBBICUIACH AHTMOKCUIAHTHAST aKTHB- [39]
HOCTb I10 CPAaBHEHMIO C YKeIaTMHOBOJ ITJIEHKO
Benkosbiit BBepenne BI' yBennumiio TOMIUMHY U [TapONPOHMUIIAe-
TUAPONNU3AaT  MOCTb aJbIMHATHON IJIeHKU. [TOBBICMIIOCH COfepsKa- 32]
ceMsiH Hye GeHOIOB U aHTUMOKCHUIAHTHASI aKTUBHOCTh
XJIOTTYaTHUKA
I'maponu3ar  BbIcOKast aHTMOKCUIAHTHAS ¥ TIPOTUBOMMUKPOGHAS aK-
coeBoro 6eska TMBHOCTb. [neHKa oboramjeHa 61MOaKTMBHOM ramma-
aMMHOMAC/SIHOM KMC/IOTOM. BpIcoKasi MpPOYHOCTh Ha [21]
pacTsskeHMe M yAAVMHeHue MpyY pas3pbiBe B COUETAaHUM
¢ GoJiee I1a[KOIi, KOMITAKTHOI 1 OJHOPOIHOI MOBEPX-
HOCTBIO C MEHBUIMM KOIMYECTBOM IIOP U TPeLIVH
T'mpponmusatr  Tlpu mo6aBnenuu I'BIT cHMsKasCs Mpefen MPOYHOCTH,
ObIubeii MOZY/Ib YIIPYTOCTU U TeMIlepaTypa CTEKIOBaHUS IIe-
nnasmbl (I'BIT) HOK, a Takke yBeIMUMBAIOCh Pa3pbIBHOE yAJIMHEHMe [40]

¥ TIapOTIPOHMIIAeMOCTb. [Maponu3aT okas3aa TuiacTu-
dunmpyloniee meiicTBIe Ha CBOMCTBA IUIEHKN. Takke
YCTaHOBJIEHBI BbICOKME aHTMOKCUIAHTHbBIE CBOVICTBA
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IpencrasnenHas B Tabmuiie 4 nudopmariiyst IOATBEPKIAET TOTEHIIMA
6eTKOBBIX TUAPOIN3ATOB U3 ChIPbsI KaK SKMBOTHOTO, TaK U PACTUTETHLHOTO
MTPOUCXOXKAEHNST, B KAU€CTBE AHTUMUKPOOHOTO 1 aHTMOKCUAAHTHOTO KOM-
IMOHEeHTa 6MopasiaraeMbIX aKTUBHBIX TJIEHOK, KOTOPbI TO3BOJIUT YBEJN-
YMBATh CPOKM XPaHEHUS TPOAYKTOB MUTAHUS, 3aMe/IJISIl OKVCIUTEIbHYIO
TIOPYY ¥ POCT MMKPOOPTaHM3MOB. Takske OTMeUeHO MOI0KUTENbHOEe BN -
HIe OeJTKOBbIX KOMIIOHEHTOB Ha APYTie BasKHbIE XapaKTePUCTUKU IJIEHOK.

Takym 06pa3oMm, pe3y/bTaThl MCCIeNO0BAHNIA TIOKA3aJIM BHICOKMIA ITOTEH-
uyast BI' Kak aKTYBHBIX KOMITOHEHTOB OMOaKTUBHbBIX TVIEHOUHBIX TOKPBITUIA,
YTO TaKKe COIIACYeTCsI C pe3y/IbTaTaMy MCC/IeOBaHNI IPYTUX aBTOPOB.

4. BpIBOIBI
PesynbTaThl MPOBENEHHBIX MCCIENOBAaHMII MOKa3aau, UTO OENIKO-
Bble TUAPONN3ATHI U3 3KEITYIKOB IIBITUISIT-OPOIIEpPOB, IMOTyUYeHHbIe

dbepmeHTalMeit B ChIBOPOTKE C [00ABAEHMEM IPOMMOHOBOKUCIBIX,
6ubnnobakrepuit 1 auuAOGUILHON MaTOUYKM, 006/aJal0T BBHICOKUM
AHTUMOKCUIAHTHBIM ITOTEHIIMAIOM M OINTUMAJbHBIMM TEXHOJOTHYE-
CKMMM CBOJICTBAMMA.

Braromapst aTuM CBOiCTBAM GETKOBbBIE IMIPOIN3AThI MOTYT SIBIISITHCST
(bYHKUIMOHATBHBIM KOMIIOHEHTOM OMOaKTUBHbBIX TVIEHOYHBIX TIOKPBITHUI
TSI TPOJTYKTOB MUTAHUSI.

Vcrionb3oBaHHbIe BMUIbI GaKTepuii OKasaay pPasiMyHOe BO3JENCT-
BMe Ha mporecc depmeHTanuu. B pesynabrare MoayuyeHHbIe GeTKOBbIE
UAPOAM3aThl 3HAUMTEIbHO OTAMYAINCH 10 TEXHOJIOTMUYECKMM ITOKa-
3aTeIsIM ¥ aHTMOKCUIAHTHBIM CBOMCTBaM. DTU Pas3inuist OTPEeesioT
TEXHOJIOTMIO BBEIEHMS X B COCTAB 6MIOKOMIIO3MTa, a TAKKe OMPeIesisioT
BO3MOKHOCTHU ¥ 006/1aCTM TIPUMEHEHMSI TTOJTyYEHHBIX YIIAKOBOYHBIX Ma-
TepuaoB.
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HEMP (CANNABIS SATIVA L.) SEEDS NUTRITIONAL ASPECTS
AND FOOD PRODUCTION PERSPECTIVES: A REVIEW

Tatiana N. Capcanari*, Eugenia F. Covaliov, Catalina Iu. Negoita
Technical University of Moldova, Chisinau, Republic of Moldova

Review article
Open access

KEY WORDS: ABSTRACT
culture, economy, This review is devoted to an analysis of the hemp (Cannabis sativa L.) seeds’ nutritional aspects and food production perspec-
food, functional tives, that can become a valuable source of multifunctional components for functional food production. Cannabis sativa L. is

properties,
nutritional value

a multipurpose crop with low- environmental impact traditionally cultivated in Western cultures for fiber production. The
propagation of synthetic fibers and the production of intoxicating drugs from certain narcotic strains resulted in the banning
of its cultivation. Thus, culturing the varieties that are widely known as ,industrial hemp® has only been practiced for the past
two decades. Hemp (Cannabis sativa L.) is grown not only for its economic importance but also for the seeds’ nutritional value.
Hemp seeds consists of 25-35% lipids with perfectly balanced fatty acids (FAs); 20-25% proteins, which are easy to digest and
contain all essential amino acids; 20-30% carbohydrates, mainly dietary fiber; and vitamins and minerals. Besides its nutritional
value, hempseed is also rich in antioxidants and bioactive compounds such as bioactive peptides, polyphenols with high free
radicals scavenging activity, and cannabinoids. Therefore, this study reviews the scientific knowledge about Cannabis sativa L.
seeds and their progressive aspects of cultivation, functional and therapeutic potential, and its use in functional food production.
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ACIEKTBI IUTATEJIBHBIX CBOVICTB U MEPCIEKTUBBI IPUMEHEHUS CEMSH
KOHOIIJIU (CANNABIS SATIVA L.) BIIPOU3BOACTBE ITIPOAYKTOB IINTAHUSA

Kankanaps T. H.,* KoBanés E. ®., Heroua K. IO.

TexHuueckui yuusepcutet Moagossl, Kuninues, Pecriy6sinka MosimoBa

K/IIOYEBBIE CJ/IOBA: AHHOTALUYA

KYJbmypa, 3kOHOMUKA, Pa6oTa IoCBsilleHa aHaau3y MUTATelIbHbIX CBOCTB ceMsIH KoHOIuM (Cannabis sativa L.) ¥ IepCrIeKTUB ee IPUMeHeHsI

I’lpoamebl numadus, B IIPOM3BOACTBE MPOAYKTOB MMNUTAHMSA, TaK KaK 3TV CeéMeHa MOTYT CTaTh €HHBIM MCTOUYHMKOM MHOI‘Od)yHKL[]/IOHaJH)HbIX

(QYHKYUOHANbHbLE KOMIIOHEHTOB 1S IPOU3BOLCTBA QYHKIMOHAIBHBIX MPOAYKTOB uTaHus. Cannabis sativa L. — MHOroueneBast KyJabTypa

ceoticmea, nuwjesas C HM3KMM YPOBHEM BO3JeJCTBYSI Ha OKPYKaIOLYIO Cpeny, TPaAMIIIOHHO BbIpalll¥BaeMasi B 3allafiHbIX Ky/IbTypax JJIsl Ipo-

YEHHOCMb U3BOACTBA BOJIOKHA. PacripocTpaHeHMe CMHTeTYeCKMX BOJIOKOH ¥ IIPOM3BOACTBO BAMSIOUMX Ha CO3HaHMe NpernapaToB U3
HEKOTOPBIX HaPKOCOZepsKallMX BIUOB IIPUBEJIO K 3aIIpeTy BhIpaIlMBaHVs KOHOILIN. Takum 06pa3oMm, BbIpalBaHVe COPTOB
KOHOIUIN, IINPOKO M3BECTHBIX KAK «TeXHUYECKAA KOHOIISA», TPAKTUKYETCS JIMIIb B T€UEHME MOCIeJHUX ABYX ,[LECHTMHGTMVI.
Konormumio (Cannabis sativa L.) BbIpaliyBaloT He TOJIbKO 13-3a ee IKOHOMMUYECKOTo 3HaueHusI, HO ¥ 13-3a MUILeBO LIeHHOCTY
cemsiH. CeMeHa KOHOIUIM COCTOSIT Ha 25—-35% 13 IMIIUIOB ¢ UOealbHO cOaTaHCHPOBAHHBIMY JKUPHBbIMU KucioTamu (KK); Ha
20-25% w3 6esIKOB, KOTOPbIE JIETKO YCBAUBAIOTCS M COIEPKAT BCe He3aMeHMMble aMUHOKUCIOThI; Ha 20—-30% 13 yrineBogoB
C BBICOKOJ [071eli MMUILEeBbIX BOJIOKOH, TAK)Ke M3 BUTAMVHOB ¥ MYHepasloB. [IoMyMO cBOeli M1TaTelbHOM LIeHHOCTH, CeMeHa
KOHOIUIM TaksKe 60TaThl aHTMOKCUAAHTAMY Y GUMOTOTMYECKM aKTUBHBIMYU COeJMHEHNUSIMMU, TAKMMM KaK 6MI0aKTVBHbIE TIeNTH/IbI,
BBICOKOAKTMBHbIe OMM(EHOIbI, 60PIONIVecs: CO CBOGOTHBIMY pPaayKaaaMM, a TaKKe KaHHa6Mouabl. TakuM 06pa3om, B 3TOM
MCCIeIOBaHNY PACCMAaTPUBAIOTCS HAyUHbIE JaHHbIE O ceMeHax KoHoTuM Cannabis sativa L. mepcrieKTUBHBIX aCIIeKTax ee
BbIpalyBaHMsl, QYHKIMOHATBHOM 1 TepaneBTNUYeCKOM MTOTeHIMae, a Takke JaHHbIe O ee TPYMeHeHNM IIPY MTPOU3BOACTBE
(bYHKIVIOHATBHBIX IIPOYKTOB MATAHMS.

https://www.fsjour.com/jour
00630pHas cTaThsg
Open access

®UHAHCHUPOBAHME: UccnemoBanye MOAepKaHO MHCTUTYLIMOHAILHBIM ITpoekToM 020405 “OnTumMusanyis TEXHOIOT I IIepepaboTKy MUIIEeBbIX
MTPOAYKTOB B KOHTEKCTE IUKINIECKOI 61M09KOHOMMKY U M3MeHeHus KaumaTa”, Bio-OpTehPAS, peannsyembim B TexHMUeCKOM yHUBEpcuTeTe MOIOBbI.

1. Introduction

Cannabis sativa L. originates from Central Asia and grows annually.
Among the most exploited crops, hemp (Cannabis sativa L.) provides fi-
ber, seeds, and wood pulp for a variety of commercial applications. The
cultivated area has increased significantly from 1993 to 2012, reaching
34.960 ha in 2019. France and Germany account for 20.000 ha and 5.362
ha respectively. Cannabis sativa L. is climatically favorable for cultivation
in the Republic of Moldova, however a number of legislative restrictions
make its cultivation difficult. It is estimated that hemp (Cannabis sati-
va L.) harvest could generate about 10% of the state’s revenue. As a re-
sult of the physicochemical and therapeutic properties, hemp (Cannabis

FOR CITATION: Capcanari T. N., Covaliov E. F., Negoita C. Iu. (2024). Hemp
(Cannabis sativa L.) seeds nutritional aspects and food production perspectives:
A review. Food Systems, 7(1), 52-58. https://doi.org/10.21323/2618-9771-2024-7-1-
52-58

sativa L.) seeds are attracting increasing interest. Thus, they are a good
source of vitamins and other nutrients with high proportion of proteins
(20-30%) and essential fatty acids (50-55%). Throughout history, hemp
(Cannabis sativa L.) has been used as the traditional food source in all
parts of Europe. In addition to hemp (Cannabis sativa L.) seeds, its leaves,
flowers and hemp extracts have been used for centuries as a food source
and dietary supplement. Prior to the Industrial Revolution, hemp (Can-
nabis sativa L.) oil (extract) was one of the most commonly consumed ve-
getable oils, so hemp extracts and cannabinoids were highly consume [1].
Italy, Germany, Lithuania, Poland, Sweden, and Slovakia, among others,
have documented the benefits of hemp (Cannabis sativa L.) for human

011 HUTUPOBAHUS: Kankanaps, T. H., KoBanés, E. ®., Herouna, K. 0.
(2024). AcriekThl MUTATETbHBIX CBOVICTB ¥ MEPCIIEKTUBbBI IPMMEHEHUS] CeMSH KO-
Horui (Cannabis Sativa L.) B Ipou3BOICTBE MMPOAYKTOB uUTaHus. [Tuujessle cucme-
Mot 7(1), 52-58. https://doi.org/10.21323/2618-9771-2024-7-1-52-58
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health [2]. Hemp has been found to have antioxidant, anti-inflammatory
and neuroprotective effects. It has also been studied for its potential to
reduce symptoms of anxiety, depression and chronic pain [3]. Additiona-
1ly, hemp is a sustainable crop that can help reduce soil pollution [4]. Due
to its characteristics perfect for making textile fibers and cordage, the
crop was more popular in temperate regions. In contrast, its popularity in
tropical regions is more limited due to its lower yield under those conditi-
ons. Along with flax, hemp (Cannabis sativa L.) is one of the oldest natural
fibers used by human. Additionally, the UN Single Convention incorrectly
listed hemp (Cannabis sativa L.) along with cannabis flower (marijuana)
as a narcotic substance. Over the years, this has caused much confusion,
since the cultivation of cannabis plants for industrial purposes clearly
falls beyond international jurisdiction. Due to onerous licensing procedu-
res, unclear EU and national regulations on hemp-derived food products,
and burdensome licensing procedures, the industrial hemp sector (Can-
nabis sativa L.) has been severely restricted.

2. Materials and methods

The objects of study were the scientific publications of the foreign au-
thors in the field of evaluation of new agro-industrial sources in order to
obtain multifunctional biologically active compounds. PubMed, Scopus,
Web of Science, Science Direct and open Internet sources were searched
for the studies published between 2003 and 2023 using several combina-
tions of keywords, including the following: Cannabis sativa L., hemp cul-
tivation, functional and therapeutic potential, hemp composition, food
waste, functional food products.

3. Results and discussions

3.1. The progressive aspects of the cultivation of Cannabis sativa L.

Industrial hemp (Cannabis sativa L.) has been cultivated in Europe for
hundreds of years. In many European countries, such as Great Britain,
France, the Netherlands, Germany, Spain, and Italy, Romania and Ukraine
it was an important crop [5]. Hemp (Cannabis sativa L.) has also been cul-
tivated by the Moldovans since the ancient times, used for food, roofing,
clothing and livestock feed. Nowadays the cultivation of industrial hemp
(Cannabis sativa L.) is prohibited in the Republic of Moldova. This leads
to the stagnation of the sector and producers lose more opportunities.
According to the Associations in question, hemp (Cannabis sativa L.) wou-
1d ensure a profit of approximately 7 to 10 thousand euros per hectare,
depending on the purpose of use. At the same time, it is a crop with in-
creased resistance to drought, which would ensure the development of
several sectors. About 10% of the state’s income could be generated by
this crop. Figure 1 shows the evolution of the cultivated area in the EU
between 2015-2022.
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Figure 1. Hemp (Cannabis sativa L.) cultivation area
in the EU2015-2022 [6]
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Most Member States legalized the cultivation of industrial hemp (Ca-
nnabis sativa L.) between 1993 and 1996, others followed later. Cultivated
area fell to its lowest value since 1994 in 2011 (about 8.000 ha), but in-
creased in 2012, 2013, 2014 and 2015, finally reaching over 34.96 ha in
2019. France, with an area of 20.00 ha of hemp, and Germany, with an
area of 5.35 ha, are the main growing member states [6]. Romania is in the
list of countries with 7%, namely 1130 ha. Recently, many new European
countries have begun or developed hemp (Cannabis sativa L.) cultivation,
primarily to produce hemp seeds [7].

Most of the raw material used by hemp processors comes from Europe.
In Europe, dietary supplements are produced from more than half of the
flowers and leaves being sold [8]. Because textiles are mainly niche mar-
kets, production is limited due to high raw material prices, fiber shortages,
and production facilities shortages [9]. Before World War II, hemp fiber
(Cannabis sativa L.) occupied huge share of the consumer market [10].

3.2. The functional and therapeutic potential of hemp seeds
(Cannabis sativa L.)

In the food industry hemp seeds (Cannabis sativa L.) have limited appli-
cations due to both legislative restrictions and insufficient information on
the composition and benefits of hemp seed compounds, so the newest pro-
cessing methods have been developed to capitalize on their nutraceutical
potential. In addition, production technologies are being developed that
incorporate hemp seeds into the existing food products [11].

Hemp is the plant the vegetative parts of which can be exploited, con-
stituting the raw material for diverse range of products (Figure 2). There
is a need for better use of the organic production of hemp (Cannabis sati-
va L.) in the country, as well as taking advantage of the ecological effects
of hemp (Cannabis sativa L.) cultivation in crop rotation [12].
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Cannabis sativa L. culture is cultivated for medicinal and industrial
purposes [14]. Hemp (Cannabis sativa L.) seeds contain 35-45% lipids
with the unique and perfectly balanced composition of fatty acids
[15,16]. Depending on environmental and varietal factors, the protein
content of whole hemp seeds (Cannabis sativa L.) can vary from 25-30%
[17,18]. The total carbohydrate content of hemp seeds (Cannabis sati-
va L.) can vary between 20-30% [19]. It should be mentioned that it is of
particular interest from the point of view of the content of vitamins B,
B,, B, [20]. At the same time, 100 g of seeds contain the average daily do-
se of phosphorus, potassium, magnesium, manganese and zinc [12]. The
chemical composition provides the hemp seeds (Cannabis sativa L.) high
therapeutic effect. The amount of essential nutrients increases along
with the elimination of the fat fraction [21]. After extracting hemp (Can-
nabis sativa L.) oil, oil cake, which has been recognized as one of the
most valuable sources of protein, constitutes 45-55% [22], which is not
used in the food industry in the Republic of Moldova, but is used only
for feeding the livestock.

Among the fatty acid precursors of -3 polyunsaturated fatty acids,
stearidonic acid is found in Cannabis sativa L. seeds oils. An infant’s de-
velopment, health; and immunity depend on these fatty acids [22]. Re-
searchers have investigated hemp seed oil (Cannabis sativa L.) for its ef-
fect on human health, but research on its effect on human nutrition is
lacking.

This superfood is:

very balanced;

easy to digest;

allergens free;

suitable for vegans;

with fast satiety effect;

95% digestible proteins produced locally, without processing;

this superfood meets societal and environmental expectations [24,25].
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According to genotypes and environmental conditions, certain studies
have indicated that hemp seeds exhibit a great degree of heterogeneity
in their content. For example, the authors Vonapartis E. et al. [26] descri-
be hemp seeds as having a high content of protein (23.8-28.0 mg/g), li-
pids between 26.9-30.6 mg/g [26], but Mattila P. et al [27], indicates the
amount of carbohydrates present in the seeds of Cannabis sativa L. being
34.4 mg/g, dietary fiber of 33.8 mg/g [28]. Instead, Lan Y. et al [29], states
the protein content as 24.3-28.1 mg/g, lipids as 32.8-35.9 mg/g, carbo-
hydrates as 32,5-3 7.5 mg/g [29].

Organic hemp (Cannabis sativa L.) could set the way for a regional
sector for the production and processing of gluten-free grains and foods
(Figure 3).

The North American gluten-free food market is booming and supply
is failing to meet demand. These products are demanded by people with
celiac disease or gluten-induced enteropathy which affects almost 1% of
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the population [30]. In addition, this type of ,healthy food is gaining
popularity among the general public, as it is increasingly used in the daily
diet, either as a food supplement or as such in the preparation of pastry-
-confectionery products, flour-based bread of hemp (Cannabis sativa L.)
and the use of hemp seed oil (Cannabis sativa L.) [31,32].

After processing the hemp seeds, several of by-products are obtained,
which have an increased biological value compared to the seeds in terms
of vegetable proteins, dietary fibers and minerals [33,34] (Figure 4).

In a variety of food applications, hemp-based ingredients have signi-
ficant potential. Hemp seed can be used to produce a wide range of pro-
ducts [36]. As an alternative to milling hemp seed into flour, fractions
enriched with oil and protein can also be isolated from whole or dehulled
hemp seeds [37]. Additionally, interest in phytochemical extracts is rising
as their importance and ways of application in nutrition and health beco-
me more widely understood [35].
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In the food industry, hemp (Cannabis sativa L.) seeds are widely used
as a means of enriching or fortifying food products. Derivatives as well
as hemp (Cannabis sativa L.) seeds were evaluated as an added ingredi-
ent in products consumed daily, such as bakery products (bread, biscuits),
energy bars, meat and meat products, yogurt. Concerning the nutritional
quality of the products enriched with hemp (Cannabis sativa L.) flour, the
addition of hemp (Cannabis sativa L.) seeds or derivatives was found to
significantly change the nutritional quality, because it increases the total
protein and fat content, total dietary fibers, both soluble and insoluble,
the content of macroelements and trace elements such as: Mg and Ca,
Mn, Cu, Fe and Zn.

3.3. Fatty acid composition

The fat content is one of the most important aspects of hemp (Can-
nabis sativa L.) seeds, especially from an industrial point of view. Hemp
seeds (Cannabis sativa L.) are oleaginous fruits, thus the main food produ-
ct of industrial value that could be obtained is hemp seed oil. For this re-
ason, the fat obtained from hemp seeds (Cannabis sativa L.) is commonly
called oil. More research proved that the fat amount of Cannabis sativa L.
seeds ranges from 25 to 35% of the whole seed [38,27,39,40].

According to research published in the literature, hemp oil contains
high concentration of polyunsaturated fatty acids (PUFA) in addition to
low concentration of saturated fatty acids (SFA). In particular hemp oil
contains up to (84%) unsaturated fatty acids depending on genotype and
environmental conditions, the author Callaway reports [28]. Oleic acid
(18:1, -9, OA), the most abundant monounsaturated fatty acid (MUFA),
was found to occupy the greatest share (18.78%) according to Lan et al.
[29]. Linoleic acid (18:2, m-6, LA) was the most typical PUFA in hemp oil
across all genotypes that were examined, accounting for 59% of the total
fatty acids. The second prominent PUFA was o-linolenic acid (18:3, -3,
ALA) with a percentage of 22% [40]. So, these two fatty acids, also known
as essential fatty acids (EFA), are particularly abundant in hemp oil [41].
They are essential for maintaining a healthy human life and must be inc-
luded into a diet. In order to meet our daily dietary needs, hemp seeds or
derived products can be consumed.

3.4. Protein content

Depending on the environmental factors and variety, the protein con-
tent of whole hemp (Cannabis sativa L.) seeds can vary from 20 to 25%
[42]. The amount can increase even more in some processed products,
for example: shelled seeds, hemp meal (Cannabis sativa L.), that is; the
remaining fraction of hemp (Cannabis sativa L.) seeds obtained after the
extraction of its oil fraction [27,43].

Proteins are found predominantly in the inner layer of the hemp seed
(Cannabis sativa L.), only a small share of proteins was found in the shell
[11]. The high protein content found in processed products is a result of
removal of those components that are devoid of protein, such as the hull,
which is a rich source of fiber, thus its removal leads to an increase in the
amount of protein and oil. A greater amount of protein is recorded when
both the hull and the oil are removed [44].

While following the research stages, it was found that the tempera-
ture for denaturation of proteins isolated from hemp (Cannabis sativa L.)
is equal to 92 °C. The heat treatment influences the structured charac-
teristics of the proteins and their digestibility. High temperatures favor
protein-protein interactions instead of protein-water interactions [45].

The main factors that indicate the quality of a protein are their bioa-
vailability and digestibility. A number of authors studied the amino acid
profile of hemp (Cannabis sativa L.) protein [46,47]. The analyzed product
was the protein extracted from whole hemp (Cannabis sativa L.) seeds,
and the protein isolate from commercial hemp, so that the obtained re-
sults are expressed either in regards to the whole seeds (g of amino acids
per 100 g of seeds), or in regards to the total proteins (g of amino acids
per 100 g of protein) [33].

The essential amino acids (EAA) needed by humans are all found in
the proteins of hemp (Cannabis sativa L.) seeds. Glutamic acid (3.74-
4.58% of whole seeds) and arginine (2.28-3.10% of whole seeds) are the
two most important EAA [41]. Whole hemp (Cannabis sativa L.) seeds can
be regarded as a rich source of protein that contains a higher or similar
amount of protein found in other products, like buckwheat (27.8%), chia
seeds (18.2-19.7%), quinoa (13.0%) [28], and flax seeds (20.9%) [29]. From
a dietary perspective, the protein fraction of hemp (Cannabis sativa L.)
seeds is quite digestible. Similar to casein, it contains an excellent profile
of the essential amino acids required for the infants. In addition to the
rich EAA the benefits offered by arginine should be noted.

The cardiovascular system’s health depends dramatically on arginine,
a potent regulator of vascular tone. The best immunological response and
muscle recovery are related to arginine and nitric oxide, so it could be

mentioned that hemp (Cannabis sativa L.) seed protein is a crucial source
of arginine that is easily absorbed [48]. Hemp (Cannabis sativa L.) seeds
and the products derived from them (meal, protein isolate), being a rich
source of protein, can be used in the vegetable-based diets [49].

3.5. Carbohydrates and dietary fiber content

Hemp seeds contain between 20 and 30 percent of total carbohydrates,
most of which are dietary fiber, predominantly insoluble [47]. However,
some scientists have noted that the high amount of fibers in hemp seeds
may cause negative impact on the protein’s ability to be digested [50].
On the other hand, it is especially important to keep in mind that eating
dietary fiber has numerous positive effects on one’s health. It improves
insulin sensitivity being a functional product with microbial activity, has
the potential to lower hunger and prevent excessive food consumption,
decrease of the obesity and diabetes are just a few of these advantages.
Finally, dietary fiber lowers total blood cholesterol and low-density lipo-
proteins. Because it is not digested in the small intestine, it passes into
the large intestine and is fermented there by the gut microbiota, which
creates short-chain fatty acids with anti-inflammatory and anticancer
properties [51].

3.6. Mineral content

The mineral profile of (Cannabis sativa L.) seeds was analyzed by few
researchers [52,53], but it was demonstrated that seeds are the rich sou-
rce of necessary macro- and microminerals. The main minerals found in
hemp (Cannabis sativa L.) seeds are: magnesium (Mg), potassium (K), so-
dium (Na), phosphorus (P), and calcium (Ca), and the trace elements are
as follows: zinc (Zn), copper (Cu), iron (Fe), and manganese (Mn). The ash
content was also analyzed in other oleaginous seeds, such as chia seeds
[29] and flax seeds [54], while examining the obtained data it was noti-
ced that hemp (Cannabis sativa L.) seeds feature the highest content per
100 g of the analyzed product (4.9-6.0/100 g for hemp (Cannabis sativa L.)
seeds, 4.56-5.07 g/100 g for chia seeds and 3.5 g/100 g for flax seeds).

3.7. Phenolic content and free radicals scavenging activity

Regarding the functional potential, it has been shown that a large part
of the phenolic compounds in hemp (Cannabis sativa L.) seeds have a hi-
gh free radicals scavenging activity, particularly quercetin, the phenolic
amide N-transferorilyramine, the lignanamides 3,3’-demethyl-grossa-
mide, and 3,3’-demethylheliotropamide have the ability to inhibit the en-
zyme acetylcholinesterase (AChE) in vitro at a concentration of 100 pg/ml,
showing similarities to the properties of the medications used to treat
mild to moderate Alzheimer’s disease (AD) [55].

According to some research, N-trans-caffeoyltyramine, which is de-
rived from hemp (Cannabis sativa L.) meal, was discovered to have the
highest antioxidant and arginase inhibitory action. In addition to impro-
ving endothelial functionality and decreasing oxidative stress, which is
a key factor in the initiation and progression of endothelial dysfunction
associated with a variety of disorders, including cardiovascular disease,
arginase inhibition may boost bioavailability of nitric oxide (NO) [56].
Phenylpropionamides extracted from hemp (Cannabis sativa L.) are thou-
ght to have anti-inflammatory and neuroprotective properties, which are
the most significant biological impacts. Thus N-trans-caffeolyltyramine
exhibit DPPH free radicals scavenging activity and ORAC antioxidant ac-
tivity, LDL protection against oxidation, arginase inhibitory activity, and
in vitro prevention of H,0, induced cell death [57,58,59,60]; N-trans fe-
roryyltyramine, N-trans-cafeoloctopamine, N-trans-coumaroyltyramine,
Cannabisin A, B, C, D and E present in Cannabis sativa L. seeds have anti-
-neuroinflammatory action in vivo, DPPH free radical scavenging activity
[17,56,61-65]; Sativamide A and B can reduce cell death induced by en-
doplasmic reticulum (ER) stress [57]; coumaroylaminobutanol glucopy-
ranoside might decrease the nuclear factor kappa-light-chain-enhancer
of inflammatory pathway of activated B cells (NF-«xB) and activate of the
Nfr-2 antioxidant pathway [64].

From a chemical standpoint the sativamides A and B, which are the
unique bioactive hemp (Cannabis sativa L.) substances, are non-lignana-
mide molecules produced from N-trans-caffeoyltyramine. Pretreatment
of the human neuroblastoma cell line SH-SY5Y with 50 uM of sativamide
A or B demonstrated its ability to prevent cell mortality induced by endo-
plasmic reticulum stress, which has been proven to play a major role in
neurodegenerative disorders such as Parkinson’s and Alzheimer’s disease
(AD [56,62].

The neuroprotective effect of various phytochemicals obtained from
hemp (Cannabis sativa L.) has demonstrated to be specifically connected
to some of the listed chemicals’ ability to reduce inflammation and to
function as antioxidants onto microglia cells, which are immune cells of
the brain’s central nervous system that control immunological reactions,
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thus having a significant impact on brain inflammation and brain infecti-
on. Multiple sclerosis, in reality, is characterized by chronic inflammation
and oxidative stress, and the persistence and overactivation of these cells
are frequently connected to the destruction of neurons and the emergence
of neurodegenerative disorders, such as AD and Parkinson’s disease [62].

3.8. Bioactive hemp (Cannabis sativa L.) seed peptides content

Bioactive peptides are functional components found in hemp (Canna-
bis sativa L.) seeds in addition to phenolic substances. Hydrolyzed pro-
teins of hemp seeds (Cannabis sativa L.) showed high bioactive properties
[66], including antioxidant [44], antihypertensive [67], antiproliferative
[68], hypocholesterolemic [69,70], anti-inflammatory and neuroprotec-
tive [69].

These researches demonstrate that bioactive peptides are scattered
in the local design of proteins and are delivered during the hydrolysis
cycle. Contingent upon the hydrolysis conditions, hydrolysates with dif-
ferent kinds and levels of action proficiency can be gotten. This is because
the hydrolysis conditions can impact the sort of peptides obtained, to be
specific the size and profile of the amino acids, subsequently the design
which thus impacts the movement and capability of the peptides.

Another bioactive property attributed to the hemp (Cannabis sativa L.)
protein hydrolyzate was its antihypertensive activity [42]. After some re-
searches it was discovered that the majority of bioactive peptides that
may inhibit renin and proteases — angiotensin-I-converting enzyme
(ACE) comprised of three or four amino acids as well as of certain structu-
ral traits related to their amino acid sequence.

In conclusion of this clause, in vitro and some in vivo studies have
shown the functional benefits of protein hydrolysates and peptides ex-
tracted from hemp (Cannabis sativa L.) seeds, the stability of peptides in
the gastrointestinal system and their bioavailability, namely their capaci-
ty to arrive at the desired location in an active and functional state, have
not yet been studied in humans.

3.9. Cannabinoids content

Cannabis sativa L. contains over 120 cannabinoids, each having the
unique effect on the human body. Cannabidiol (CBD) is one of the most
abundant cannabinoids that do not cause any harmful side effects, fo-
llowed by Tetrahydrocannabinol (THC), the psychotropic substance of
hemp (Cannabis sativa L.).

The therapeutic application of cannabinoids is a very controversial
subject, because despite the therapeutic properties, these compounds al-
so have psychotropic effects. Two examples of drugs developed based on
cannabinoid compounds are Marinol ® (Dronabinol, (-)-D9 THC), develo-
ped by Roxane (Columbus, USA) and Cesamet ® (Nabilone), developed by
Eli Lilly (Indianapolis, USA) and currently released for therapeutic use in

Great Britain. Medicines are marketed to control vomiting caused by che-
motherapy treatments and as appetite stimulants to beat anorexia pro-
cesses developed in patients with acquired immunodeficiency syndrome
(AIDS) [71].

Although, cannabinoids have a direct impact on a variety of human
vital systems, such as the immunological and reproductive. The central
nervous system is the primary target of cannabinoids’ pharmacological
effects [72]. Cannabinoids have been found to have an analgesic effect
[73], that participates in the control of spasms in patients with multiple
sclerosis [74], it provides positive effect in the treatment of glaucoma, it
has bronchodilator and anticonvulsant effects [75]. Some adverse reac-
tions may also occur, such as: cognitive and memory changes, euphoria,
depression, sedative effect and others [76].

Despite their multiple therapeutic properties, cannabinoids also have
psychotropic properties as a side effect, thus limiting their use as medi-
cine in many countries of the world. However, studies are being carried
out on the relationship between the chemical structure and biological
activity, with the aim of modifying the structure and suppressing its psy-
choactivity. The study of structure-activity relationships (SAR) aims to
establish relationships between the molecular descriptors and the biolo-
gical activity in question, helping to elucidate the mechanism of action of
cannabinoid compounds [77].

4. Conclusion

Cannabis sativa L. culture is cultivated in almost all countries of the
world for medicinal and industrial purposes. The cultivation of this crop
has a beneficial effect on the soil, increasing its fertility for the further
growth of other crops.

As the nutritional and therapeutic benefits of hemp (Cannabis sa-
tiva L.) were researched and recognized, the interest of the population
and the production of hemp (Cannabis sativa L.) seeds increased, they are
currently used even in the food industry, in the production of oil, flour,
protein extract, milk or simply used as an additive food.

Hemp (Cannabis sativa L.) seeds contain 25-35% lipids with the
unique, perfectly balanced composition of fatty acids (FA); 20-25% easily
digestible proteins that are abundant in essential amino acids; 20-30% of
carbohydrates, large part of which are made up of dietary fibers, mostly
insoluble; as well as vitamin B, B,, B, and minerals. 100 g of seeds contain
the average daily rate of phosphorus, potassium, magnesium and man-
ganese. This content of vitamins and minerals provides hemp (Cannabis
sativa L.) seeds with high therapeutic effect.

Although it has been proven by research to be a functional and the-
rapeutic product, the side effect, i. e. psychoactivity as well as the name
itself, still serves as an obstacle regarding the wide use of Cannabis sati-
va L. plant derivatives for therapeutic purposes and in the food industry.
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K/IFOYEBBIE CJIOBA: AHHOTAILIN A
pykmetl, 0o6owju, cox,  COBpPEeMEHHBIIT TOTPEGUTENH OTHAET MIPEAMOYTEHIE HATYPATbHBIM MTPOAYKTAM C MUHMMAIbHOI 06pabOTKOI, TIO3BOSIO-
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omuuecKull Hazpes, 1eil MakCUMMAaJIbHO COXPaHSITh MUIIEBYIO LIEHHOCTb IIPOLYKTA U CBeXMe BKyC M apoMmar. Llenb naHHOI cTaTbu-0630p pe-
nacmepusayusi, 3y/IBTATOB VICCIENOBaHMI, KaCAIOMIMXCS BIMSHUSI OMUYECKOrO HarpeBa Ha MPOLYKT B CPaBHEHMUY C TepPMMUYECKoil o6pa-
obpabomxa, 60TKO U paccMaTpUBAIOIMX KOMOMHMPOBAHHOE NPUMEHeH)e TaHHOTO MeTOJa C HeTePMUYEeCKVMY TeXHOIOTUSIMU TIPU
UHAKMUBAYUs, Cyulkd, TPOM3BOICTBE (GPYKTOBBIX ¥ OBOIIHBIX KOHCEPBOB. MaTepyuasoM JaHHOTO MCCIefA0BaHMS MOCAY XUy 105 HayyHbIX ITy-
svinapusadue 6mykanmii. [IoMCK HAYYHON TMTEepaTYphl HA AHIIMIICKOM M PYCCKOM $13bIKaX 00 MCIIOJIIb30BAHUY TEXHOJIOTUM OMUYECKOTO

HarpeBa B Mpoliecce repepaboTKY IUIOO0BOINIHONM MPOAYKLUNY ITPOBOAWIM B 6ubamorpadnueckux 6azax Scopus, Web of
Science, a TaK)ke B APYIMX MCTOUYHMKAX. B KauecTBe BpeMeHHBIX PaMOK /i 0630pa HayYHBIX MTyOGIMKALIVIT TIPUHST ITepu-
on 2010-2023 rr. [I1s1 0630pa NMpeaMeTHOrO I0Jist IPOBEEHHOTO UCCIeA0BaHMSI MCIIOIb30Ba/IM aJITOPUTM B COOTBETCTBUN
¢ mpoTokosomM PRISMA. HayuHblit TTOMCK U 0630p HAYYHBIX MYOIMKAIMIL TIO TeMe MCCIeIOBaHMsI TOKa3auay OTPaHNUYeHHOe
KOJIMYECTBO paboT, MOCBSLIEHHBIX OLIEHKe TeXHOIornu oMmmuyeckoro Harpesa (OH) B o6paboTke hpykToB 1 oBo1eii. B po-
11ecce MCIob30BaHMS JAHHO TeXHOIOTUM TIPUMEHSIeTCS SJIEKTPUYECKI TOK, 06ecrieurBasi paBHOMEPHOE 1 GbICTPOE BbI-
[lelieHye Teruia BHYTpu nuieBoi maTpuubl; OH nmeeT 601ee KOPOTKOe BpeMst 06paboTKM, UTO CITOCOGCTBYET COXPAHEHMIO
OpraHoJIeNnTUUeCKMX MoKa3aTenei KayecTa MPOAYKTa 1 ero MuIleBoii eHHOCTH. [1o cpaBHEHUIO ¢ TepMUUYeCcKoii 06paboT-
Koit, TexHosiorust OH He TONbKO MHAKTUBUPYET MUKPOOPTaHM3MBI 1 MUIIEeBbie (ePMEHTHI, HO U MTPeNOTBPAIaeT IIePErPEB,
YTO CHIDKAeT HEraTMBHOE BIMSHUE TEMIIEPATYPHOTO BO3ECTBMSI Ha XMMUYECKMI COCTaB MMPOAYKTA. BpimapuBaHe/KOH-
LIEHTPMPOBaHMe, 00e3BOKMBaHMe/CyllIKa GPYKTOBBIX COKOB WK Iiope ¢ momoinbio OH crioco6eTBoBaiu 6osee BHICOKOM
9Hepro3dPeKTUBHOCTY ¥ COKPAIEHUIO BpeMeHy 06paboTKM M0 CPaBHEHUIO C TPAAMUIIMOHHBIMU CIIOCO6aMy 00PabOTKHA.
HecMoTpst Ha MHOTME TIPEeMMYIIeCTBa, CYI[eCTBYIOT OTpaHMYEeHNS AJIT MacIITa6HOTO TPOMBILIIJIEHHOTO TIPMMEHEeHUsT Me-
tona OH, BK/oUasi KOPPO3MIO 3MEKTPOAOB, UTO MOKET OKAa3bIBATh HEraTMBHOE BMSIHME HA MPOIYKT, a TAKKe HepPaBHO-
MepHbBIi HarpeB HEKOTOPBIX BUIOB IJIOZOOBOILIHOTO ChIPbs B HEIIPEPBIBHOM pekuMe Tpoliecca 00paboTKu. Pe3yabTaThl
IIaHHOTO 0630pa MOTYT ObIThH MCITOB30BaHbI B ITPOLIECcce MPOBeJeHNMs JATbHEeMIINX HAYUYHBIX UCCIeJOBAaHMIT, KOTOPbIE Iie-
J1eCO06PA3HO MPOIOJIKATH C LIeJIbI0 OIpe/iesIeHNsT KOHKPETHBIX TapaMeTPOB 00paboTKM U yCTpaHEeHUS] HePaBHOMEPHOCTHU
Harpesa MUIIEBOTO ChIPHSI.
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FRUITS AND VEGETABLES. OVERVIEW OF THE SUBJECT FIELD

Leonid Ch. Burak, Alexander N. Sapach
BELROSAKVA Limited Liability Company, Minsk, Republic of Belarus

Open access

KEY WORDS: ABSTRACT

fruits, vegetables, The modern consumer prefers natural products with minimal processing, which allows maximum preservation of the nutri-
juice, ohmic heating, tional value of the product and fresh taste and aroma. The purpose of this article is to review the results of studies concern-
pasteurization, ing the effect of ohmic heating on the product in comparison with heat treatment and considering the combined use of this
processing, method with non-thermal technologies in the production of canned fruit and vegetables. The material for this study was
inactivation, drying, 105 scientific publications. A search for scientific literature in English and Russian on the use of the ohmic heating technol-
evaporation ogy in the process of processing fruits and vegetables was carried out in the bibliographic databases Scopus, Web of Science,

as well as in other sources. The period 2010-2023 was adopted as the time frame for the review of scientific publications.
To review the subject field of the study, an algorithm was used in accordance with the PRISMA protocol. A scientific search
and review of scientific publications on the research topic showed a limited number of studies assessing the ohmic heat-
ing (OH) technology in the processing of fruits and vegetables. In the process of using this technology, electric current is
applied, ensuring uniform and rapid release of heat inside the food matrix. OH has a shorter processing time, which helps
preserve the organoleptic quality of the product and its nutritional value. Compared to heat treatment, the OH technology
not only inactivates microorganisms and food enzymes, but also prevents overheating, which reduces the negative impact
of temperature on the chemical composition of the product. Evaporation/concentration, dehydration/drying of fruit juices
or purees using OH resulted in higher energy efficiency and reduced processing time compared to traditional processing
methods. Despite many advantages, there are limitations to large-scale industrial application of the OH method, includ-
ing corrosion of the electrodes, which can have a negative impact on the product, as well as uneven heating of some types
of fruit and vegetable raw materials during continuous processing. The results of this review can be used in the process of
conducting further scientific research, which is advisable to continue in order to determine specific processing parameters
and eliminate uneven heating of food raw materials.

OJ1s1 TUTUPOBAHUS: Bypak, JI. Y., Camay, A. H. (2024). Ucnonb3oBanne  FOR CITATION: Burak, L. Ch., Sapach, A. N. (2023). Use of omic heating technol-
TEXHOJIOTMY OMMYECKOr0 HarpeBa B Ipoliecce IepepaboTKM IUIONOB M OBO-  ogy in the process of processing fruits and vegetables. Overview of the subject field.
meit. O630p mpexmetHoro moss. I[Tuwessie cucmemst, 7(1), 59-70. https://doi.  Food Systems, 7(1), 59-70. https://doi.org/10.21323/2618-9771-2024-7-1-59-70
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1. BBegeHue

Vudopmarnys 06 UCIIONb30BAHUM HATYPAIbHBIX ITPOLYKTOB, OTCYTCT-
BUM B HMX XMMMUYECKMX KOHCEPBAHTOB U O NPUMEHEHUY COBPEeMEHHBIX
TeXHOJIOTMII TepepaboTKM, MO3BOMSIOIMX MAaKCUMAJIbHO COXPaHSTh
MUILEBYIO [IeHHOCTh MPOJYKTa, CBEXKEeCTb BKyca M apomara, puBIeKaeT
oTpe6uTeneil 1 orpenesieT UX MOKYINaTelIbCKyl0 CIIOCOGHOCTh. TexHO-
yoruu 06paboTku omuueckum HarpeBom (OH) mpomyKTOB repepaboTKiu
(PYKTOB ¥ OBOIIIE} YAYUIIAIOT KAYECTBO KOHEUHOTO TIPOAYKTA, IIOCKOJIb-
Ky IOTPeGUTENM OTHAIOT MPEANOUTEHME 60ee HaTypaTbHBIM ITPOAYKTAM,
CcoIepskaliyiM MYMHMMaTIbHOE KOMNYECTBO CUHTETUYECKMX KOHCePBAHTOB.
Omuyeckye MeTOIbl MOXKHO JMCIIO/Ib30BaTh JJ1s1 HarpeBa MUILEBbIX MPO-
IyKTOB ¢ npoBogumocTtbio oT 0,1 no 10 Cv/mM. OMuveckast TEXHOIOTUSI
MIpMMeHsIeTCsl TIepUogMUYecKky Wiy HelpepblBHO. HamnpsskeHHOCTD 271ek-
TPUYECKOTO I0JIsT, KOHPUTYpaLusi 37eKTPOAOB U IMPOBOAVMOCTh Harpe-
BaeMOro Marepuajga TeHEePUPYIOT MOTOKM TOKA, KOTOpbIe O6YCIOBIN-
BAIOT BBICOKYIO TVIOTHOCTb MOI[HOCTY U OGBICTPOE BbIfIeJIeHNE TeIIOBOi
sHeprun. [Tapametpsl, npumMmeHsiemblie ipu OH: HanpspkeHne — ot 400 go
4000 B; mougHocTh monst — oT 20 1o 400 B/cMm; 3a30p Mexay a/eKTpoza-
vy — oT 10 1o 50 cm. CKopocThb Harpesa onpemesercs 3h(HeKTMBHOCTHIO
MCTOYHMKA YHEPTUY, KOHCTPYKI[Vei 060pyJOBaHMS U XapaKTePOM TeIlIo-
BOJi cpefpl, HAIIpUMeED, MPOBOAUMOCTbIO, BI3KOCTBIO U TEIJIOEMKOCTBIO
[1,2]. OH — 3T0 MeTO[, GBICTPOrO ¥ PABHOMEPHOTO Harpena, TPeBGyrommii
MeHbIlle SHePTUM 10 CPABHEHUIO C TPAAVIMOHHOIN TepMUUYeCcKoii obpa-
60TKOI1 [3,4]. HeTepmuueckoe BoszeiicTBue OH, TO eCTh 371eKTpOIoparyst
U 3JIeKTPUYECKUI TPOOOIL, M3MEHSIIO KJIeTKY U TKAHU B 3aBUCMMOCTU OT
XapaKTepUCTUK MUIEBOr0 MaTepyuasna M yCIOBMI Mpolecca, TAKMX Kak
TeMIlepaTypa, IpWIokeHHast YacToTa M rpajyeHT HanpspkeHust. CornmacHo
naHHbIM Gavahian u ap. [4], HM3Kasl 4acTOTa U TIOBBILIEHHAs! HATIPSKEH-
HOCTb 3JIEKTPUYECKOTO OISl YCUIVBAIOT 06pa3oBaHue 1op U IeKTpude-
cKumit Ipo6oit KiaeTok. Kpome Toro, cBexkee TIOOOBOIHOE ChIpbe Gosee
YyBCTBUTENIBHO K HETEIVIOBOMY Bo3nelicTBuio OH, uem mMaTepuansl, KO-
topble o OH moaBepramuch APYyrUM IpoleccaM, TaKMM Kak Cylka [4].
XOTsI MeTOJ, OMMYECKOT0 HarpeBa MMeeT psif, IpeMMYyILecTB Iepe, Tpa-
IUIVOHHOI 06paboTKOi, TaM, rme HeoOXOOMMbI BBICOKME TeMIIepaTy-
pBI 71T CTEPUIM3AluY, TaHHbI MeTon HedddekTnBeH. 3a mowienHIe
HECKOJIbKO JIeCSITUIIeTUI TpoBeneH psp uccaenoBanmii OH pasamMyuHbIx
nuieBbIx Matepuasnos [5]. TexHomoruss OH 6bla M3yvyeHa B HMIMPOKOM
[Mana3oHe MPOAYKTOB IMATAHMS, BKIIOYAst GPYKTHI ¥ OBOLIM [6], MOTIOKO
¥ MOJIOYHbIE IIPOIYKTHI [7], KPYIIbI U X1e606ynouHble nzgenus [8,9], msico
u mopenponykrsl [10,11] u Tak nanee. Mcronb3zoBanne OH npepnmonara-
eT He TOJIbKO MacTepu3anuio u crepuansanuio [5,12], BeimapuBaHme Ui
KOHIleHTpupoBanue [13,14], o6esBoskuBanme [15,16,17], mpuroToBieHne
iy [18,19,20], 6ranmmpoBanme [21], 3anekanue [22,23], HO U U3BJe-
yeHue [4,24,25,26], pasmopaskupanue [27], menyienue [28,29] 1 pa3msir-
yeHye TKaHeii [8,30]. [lepeuncieHHbIe UCCIENOBAHMS ObUTM HAIIPABIEHBI
Ha M3y4yeHMe MPOUCXOMASIINX MPOLEeCCOB MPU HarpeBaHMUM, U3MEeHeHU
371eKTPOIPOBOLHOCTH, MOLLE/IVIPOBAHMS W/VIX UMUTALVV, MHAKTUBALIUYI
(hepmMeHTOB 1 MUKPOOOB, M3MEHEHMIT PEOIOTMY, IIBETa U MMUIIEBbIX KOM-
1oHeHTOB [31]. Llesib JaHHO CTaTbu — 0630D Pe3y/IbTaTOB MCCIeIOBAHMIA,
KacalolMXCcsl BAMSIHMS OMMYECKOro HarpeBa Ha IMPOAYKT B CPaBHEHUM
C TepMuuecKkoi 0O6paboTKOI M pacCMaTPUBAKOIIMX KOMOMHUPOBAHHOE
TIIpMMeHeHMe NJaHHOIro0 MeToda C HeTePMUUYECKMMMU TEeXHOJJIOTUSIMU IIPpU
MPOU3BOACTBE (PPYKTOBBIX ¥ OBOLIHBIX KOHCEPBOB.

2. MarepuaJjbl U METOHbI

TTouCcK HAay4YHOM MMTEepaTyphbl HA aHITIMIICKOM M PYCCKOM sI3bIKax 06
MCIIO/NIb30BaHMM TEXHOJIOTMY OMMYECKOTO Harpesa B Ipoliecce mepepa-
GOTKM TUIOMOOBOILIHONM MPOAYKIMY MTPOBOIWIN B GUOIMOrpadhuueckmux
6asax Scopus 1 Web of Science. 17151 oT60pa HayYHBIX CTaTel HA PyCCKOM
sI3bIKE TPOBEJIU TTOUCK, 10 KITI0YeBbIM coBaM, B Google Scholar u B Ha-
YUHOI1 37eKTpoHHOI 6ubnmoreke (eLIBRARY.RU).

B kayecTBe BpeMeHHBIX PaMOK JJisI 0030pa HAay4YHBIX IyOIMKaLMit
ripuusT nepuop 2010—2023 rr. IIpy BbITOTHEHMUM pabOThI MCTIOTb30BaHbI
Hay4yHble MEeTOAbl — IIOMCK M CKPUHMHT Haquoﬁ JInTepaTypsl, U3BJie-
YyeHue U aHaau3 JaHHBIX, CUCTeMaTu3anunu u 06061eHus. [Ipu or6ope
ny6nuKkanyii 1yis 0630pa MPUOPUTET OTAABAIM BBICOKO LIUTUPYEMbIM
ucToyHMKaM. [[jist 0630pa MpeMeTHOrO OISl TPOBEIEHHOTO UCCIIeNo-
BaHMS NIPUMEHSJIM aATOPUTM B COOTBETCTBU U C IpoTokoniom PRISMA
M COCTABJISLIMA CXeMY ITPOBeJeHUSI UCCIIeL0BaAHMSI.

1715 TIOMCKOBBIX 3aITPOCOB B 3apy6eskHbIX 6a3ax JaHHBIX 6a3ax Scopus,
Web of Science 6b111 1CIIOIB30BaHBI CJIeAYIONIME KITIOUYEBBIE CTIOBA U CI0-
BOCOYETaHUSI HA aHIIMIICKOM s13bike: ohmic heating, vegetables, fruits,
pasteurization, processing, inactivation, drying, evaporation. Ha pycckom
s3bIke B 6ase maHHbIX Google Scholar u Hay4yHO# 971€eKTPOHHOIT 61610~
Teke (eLIBRARY.RU) BBOOMINCH CllefyOlMe KIIOUeBble CI0Ba: OMMUYe-
CKMI1 HAarpeB, OBOLIY, PPYKTHI, TacTepu3ans, 06paboTka, MHAKTUBAIMS,
CYIIKa, BBITAPMBAHME.

Kputepun BKIIOUEHMS 1)1 CTaTe, OAJIeXalluX aHaIu3y:

1. Cratbs HanucaHa B nepuog 2010-2023 rr;

CraTbsl COOTBETCTBYET TeMe MCC/IeOBaHMS;

3. Tumbl aHaAM3MPyeMbIX CTaTeil — OpUrMHAIbHbIE UCC/IeN0BaTeIbCKIe
CTaTbU, 0630pHBIE CTATHY, KPATKME OTUETHI.

Kputepun uckimoueHus 4jsi cTaTelt, mojjexalx aHalnnusy:

1. CraTbsi He COOTBETCTBYET TeMe JaHHOTO 0630pa: He KacaeTcst TeMaTu-
KU JICITOJIb30BaHMSI TEXHOIOTMM OMUYECKOT0 HarpeBa npu 06paboTke
MPOIYKINY ITepepaboTKy TUIOOB U OBOIIEN;

2. CraTbs HalMcaHa He Ha aHIVIMICKOM $I3bIKe, CTaThsI HA PYCCKOM $SI3bIKe
He BxoauT B PVHII;

3. Copmepskanue craTby nyomupyertcst. Eciv 3 pasHbIx 6a3 JAHHBIX UK
Pa3HbIX MEKTPOHHBIX OGMONMOTEUHBIX CUCTEM ObUIM M3BJIEUEHBI 110-
BTOPSIIOIIMECS ICTOYHNKY, MX KIacCUULIMPOBAIN TOIBKO OAVH pa3.
PesynbraThl aHauM3a ObUIM IMpPeNCTaBIeHbl B BUIE TAGMUI, U Jua-

rpaMm [Jisl BU3yanM3alyuy AaHHbIX. [T 0630pa MpeaMeTHOro oSt

MIPOBEJIEHHOT0 MCCIeJOBaHMS MCIIONb30BaIM aTOPUTM B COOTBETCTBUM

¢ mpotokosioM PRISMA u coctaBuwinu cxeMy MpOBeLeHMsT UCCeA0BaHMS

(PucyHoK 1).

Bcero: 343 crateun
Scopus — 186
Web of Science — 157

CraTby U3 APYTUX UCTOYHUKOB — 77
Google Scholar,
eLIBRARY.RU

Bcero crareii 420

l

KomnuuectBo crareit

HckmoyeHnbie JyOaupyroIine CTaTby —
}—' 169

VckinoueHHbIE CTaThU. HpH‘{I/lHHI
— HE KaCarTCAd TEMAaTUKH

MOCJIC UCKITFOYCHHMS, > HCII0JIb30BAHUS TEXHOJIOIMU
nyonmupyrommx — 251 OMMYECKOTO Harpesa rnpu oopadoTke
l oBolleil 1 GPyKTOB, MACTCPH3ALNH,

CyILIKE WM KOHLEHTpUpoBanuu — 137
— HE B IOJIHOH Mepe PacKphIBAIOT
pe3ynbrarel BiusHusg OH — 9
00pabaTbIBaeMBblif IPOTYKT

HE BXOJHUT B IPYIITy GPYKTOBBIX K
OBOIIHBIX KOHCEPBOB — 48

CtaThH, BKIIOYCHHBIE
B 0630p — 105

PucyHok 1. BiIoK-cxeMma, OnmchIBaIoLiast poiecc BbiGopa

¥CcC/IeJOBaHMs, B COOTBETCTBUHU ¢ MpoToKoiiom PRISMA
Figure 1. Flow chart describing the process of choosing a study according to
the PRISMA protocol
Tpumeuarue: PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist
and Explanation, 2018 (https://www.acpjournals.org/doi/10.7326/M18-0850).
In the public domain.

3. Pe3ynbTaThl M 00CYXAEHUE
3.1. IIpunyun deticmeusn mexHoJi0zuu omuueckozo Hazpesa (OH)
Omuuecknit HarpeB (OH) — MeTo[, OTHOCUTE/IbHO HOBBIA, UCIIONb3Y-
eMblii IS acTepusauuy ¥ CTepuaM3anuiy NUIeBbIX MPOLYKTOB B Ka-
YyecTBe aJbTEPHATUBbI TPAJUIMOHHON Tepmuyeckoit obpaborke. OH
BbIfe/IIeT BHYTPeHHee TeIUlO, CONMPOTUBIISISICH MOTOKY INepeMeHHOro
971eKTpuuecKkoro Toka. B rexnomorny OH MCIIONB3yIOTCS BBICOKOTEMITE-
paTypHble KpaTKOBPEeMEHHbIe IIPOLECChI 17Isi PABHOMEPHOT'O U GBICTPOTO
HarpeBaHus XUIKUX U TBEPABIX IPOAYKTOB [32]. OCHOBHBIE KOMIIOHEH-
Tbl 060pynoBanHyusi OH BKIIOYAIOT MCTOYHUK MMUTAHWSI, HATPEBATENIbHYIO
KaMepy, 371eKTPOJbI, TEPMOIIapy, JaTUMK TOKa ¥ CYCTeMy c60pa TaHHBIX.
Bo Bpemst 06pa6oTkyu OH nuieBoe chipbe JeiCTBYeT Kak pe3yucTop U Io-
BbIILIAET CBOIO TeMIlepaTypy 3a cueT addexra Ixoysns [33]. [loBbimeHne
TeMIIepaTypbl BAMSIET Ha CTPYKTYPY IMIIM M BbI3bIBaeT IIePeHOC BJary,
KIejicrepusanyio Kpaxmana u geHatypauyio 6enxka [8]. Ilpunuyn OH
OCHOBAaH Ha pacIipefie/IeHUM 37IeKTPUUeCKON SHepruu B BuJie Tellia Je-
pe3 aneKTpudeckuii MPOBOGHMK, KOTAA /IeKTpudeckasl SHeprusi, MocTy-
Taromas B MPOayKT, Tpeo6pasyeTcs! B TEIUIOBYIO SHEPIMIO, a ANeKTpude-
CKOe CONMpPOTHMB/IeHNe MUIIY BbI3bIBAaeT 00beMHbIt HarpeB [34]. Harpes
¢ acbdexrom [Ixoynst umeet 3ddekTBHOCTL 60mee 90% 1O CpaBHEHUIO
¢ 06BIYHOII Teronepenaueii (T. . 3a CUET TeMIIePATyPHBIX I'PAVIEHTOB
WM TOPSIUMX TTOBEPXHOCTEN OT OKpYsKalolieil cpensl K cpeze) [35]. Kpo-
Me TOrO, GBICTPbIN ¥ paBHOMEPHbII HarpeB, BbI3BAHHbIN (QIYKTyaI[MsSIMU
3JIeKTPUYEeCcKUX I0JIell, yBeluuMBaeT OVMHaMMUecKoe [ABIDKeHMe 3apsi-
SKEHHBIX YaCTULL ¥ JUIIONbHbIE MOMEHTBI PACTBOPOB [34]. dnextponst OH
HeIoCpeJCTBEHHO BO3ZeJiCTBYIOT Ha HarpeBaeMylo CpeJly, UTO SIBJISIeTCS
ocHoBHbIM ommmumeM OH or gpyrux mertomos Harpesa [35]. Onrumn-
31{pOBaTh CUCTEMY OMMUYECKOTO HarpeBa BeCcbMa CJIOXHO IO MpUYMHE
Teruiopu3nYecKux BO3AeicTBII B IIpoliecce TerioMacconepeHoca.
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AgTtopel Hashemi 1 Roohi [36] BHeApmIM MeTOH BbIYUCIUTENbHOM
TUAPOAVHAMUKHA, TPEAOCTABUB UCC/IENOBATENSIM [[€HHbIE JaHHbIE, B TOM
Yycie KOHTPOITh HEITPOEKTHBIX TEIUIOBBIX IISITeH, TOTePb Teria 1 addex-
TUBHOCTY 060PYIOBaHMS C TIOMOIIIbIO UMCIEHHBIX pacueToB. Takke 6bUI0
ycTaHoBJIeHO, uTo OH crtoco6CTBYET SKOHOMMM 3JIeKTPUYECKO SHeprun
[37]. Pazpa6oTka 3¢ppeKTUBHBIX TEIJIOBbIX CUCTEM JJISI BHICOKOTEMIIe-
paTypHBIX IPUMEHEHUIA SIBJISIETCS TePCIEeKTUBHBIM HaIpaBIeHUEeM JJist
IIPOMBILIVIEHHOTO VMCIIO/Ib30BaHMSI B Pa3IMYHBIX OTPACISIX IIPOMBIIIUIEH-
HOCTU. B mpombIiieHHOCTH TexHonoruss OH MOXeT eMOHCTPUPOBATh
acbdekTuBHOCTH 6omee 90%, OMHAKO [JIst JOCTVUKEHMST STOTO YPOBHSI He-
06X0IMMO 06EeCTIEUNTD CHIKEHVE TETIJIOBBIX MTOTEPD C MTOMOIIBIO U30JIs-
LMY CTeH [38].

3.2. Hcnonv3oeaHue mexHo102UU OMUUECK020 Hazpeea
npu nepepa6omke oeouieti u ppyxkmoe

Texunonmornst OH crioco6cTByeT mpolieccy macrepusanyuy ¢ Makcyu-
MaJIbHBIM COXPaHeHMeM IMILeBOJ IeHHOCTM IIPOAYKTa, C 3alUTON
LIEHHBIX KOMITOHEHTOB, TaKMX KaK KapOTMHOMABI U KCAaHTO(DWUUIBI BO
dbpykroBbIxX cokax [12]. [IpoBemeHb! MCCIeAOBAHNS ¥ YCTAHOBIEHO BIIA-
save OH Ha mHaktuBauuio Salmonella spp. [39], Lactobacillus spp. [40]
u Staphylococcus spp. [41]. B mocnenHee Bpemst MHOTMe aBTOPBI U3YIMIIN
BJIMSIHME TIacTepusalumu TexHosnorueir OH mpu nmepepaboTke Kymaxkupo-
BaHHBIX LIUTPYCOBBIX COKOB [36], MOPKOBHBIX COKOB [42], BUHOIDaHBIX
COKOB [43], si6110uHOTrO cOoKa [44], coka menkoBuipl [45]. [Ipu aHanuse
cTabuibHOCTM (DeHONMBHBIX COeqVHEeHUi BO Bpems mactepmsauyy OH
(20,5 B/cm) 6bLIO YCTAHOBJIEHO, YTO GOJbIIEMY pa3pylleHuI0 GeHOIoB
” (GpraBOHOMIHBIX COeNVMHEHNI CIIOCOOCTBOBANO He M3MeHeHMe Hamps-
SKeHMSI ¥ 4aCTOTbI ANIEKTPUUECKOTO 1101, @ TpaHcdopmalust Gopmbl BOI-
HbI (TIPSIMOYTOJIbHAST WM MMITY/IbCHAsT) [46]. [To manubiM Darvishi u np
[47], Guonornyecku akTMBHbBIE BelecTBa (0co6eHHO BUTaMMH C 1 obliee
cozepkaHye (GEeHOIOB) IUTPYCOBBIX COKOB (HaIpMMeD, aneabCHOBOTO
COKa) COXPaHSUINCh 3a CUeT COKpallleH!sI BpeMeH! 06paboTKY U YBesu-
4JeHMs rpajieHTa HanpsbkeHysl. TOUHO Tak e MpUMeHeHJe TeXHONOTUN
OH npu pasHbix yacTtoTax anekTpuueckoro rosns (10-1000 I'u) u Ha-
npsokernst (25-80 B) croco6CTBOBANO COXpaHEHMI0 KayecTBa MasMHO-
BBIX HAIlMTKOB Ha OCHOBE CbIBOPOTKM. COIJIACHO pe3y/ibTaTaM JaHHOTO
MCC/IeOBAHMS, AJIST SKUIKMX IIPOAYKTOB HEOoOXOAMMO obecreunBaTh
paBHOMepHOe paclpeeneHye Teria BHyTpu Mmatpuisl [48]. Cnemyer oT-
MeTUTb JCC/IeIoBaHMe, B X0/le KOTOPOTO MPOBOAM/IN NacTepu3aLMio Ky-
MaXVPOBaHHBIX (PYKTOBO-OBOLIHBIX COKOB METOZOM TePMMUIECKOi 06-
paboTKM ¥ OMMYECKOTO HarpeBa. Bbly MpUroToBIeHbI COKM 13 OBOLIEI,
mpouspacrarumx B Pecriybnuke Benmapych, TakMxX Kak ThIKBA, MOPKOBb
" cenbaepeii. OBOLIHbIE COKY KyIIaXKMPOBAIN C COKaMM aIle/IbCHHa, Ipei-
ndpyTa u monos 6y3uHbL. C 11e/bl0 YBeJMYeHMsT CpOKa XpaHeHMsI KyTa-
SKMPOBAHHBIX COKOB OHY ObLIM IO BEPTHYTHI OMIYECKOJI ITaCcTepU3aLyn.
Cor1acHO MONTYyYeHHBIM JAHHBIM, OBUIO YCTAHOBJIEHO, YTO TEPMUUYECKOe
BO3J€/ICTBMEe OMMYECKOr0 MeToJa OKa3blBaeT MeHbLINI Bpen, st dia-
BOHOMZOB 110 CPaBHEHMIO C OOLIENPUHSATBIM METOAOM IacTepu3alyn.
OmnTyMaabHBIMM NapaMeTpaMy OMMUYeCKOi macTepyusanyy 6pUM OIpe-
neneHbl HanpsokeHye 18 B u remnieparypa 70 °C. JanbHeliliee yBenye-
HMe HalpsDKeHMs BJIeK/IO M3MeHeHMe LiBeTa ¥ KOHCUCTeHIMM COKOBOI
MPOAYKLNY, YTO OTPULIATEIbHO BJIMSIO Ha BHEIIHWII BUZ, M OpraHOJIel-
THUYecKkye okasarenu [2].

Xorst cucrema OH msHauanbHO ObUTa pa3paboTaHa ISl SKUIKUX ITM-
1IeBbIX IIPONYKTOB, OHA 3P PeKTUBHO MPUMEeHSIach /ST II0pe 13 MaHTo
C LIeJIbI0 YIy4YlLlIeHNs] KaueCTBeHHBIX IT0KasaTeseil, TakK1uX Kak cofeprka-
HMe pacTBOPMMBIX cyxux BelecTB (CB) M KMCIOTHOCTb MponykTa [49].
Metoz o6paboTku OH He TpeGyeT IPUCYTCTBUS TIapa WM TOPsTUeii BOZBI,
a TaloKke MepeMeIBaHMS IJIST OCTVKEHVSI OIHOPOAHOCTM IIpy o6pa-
60TKe COKa. Bo BpeMsi KOHLIEHTPUPOBAHMSI COKA TeIIOBbIE TE€XHOIOTUY
MOTPE6IISTIOT MHOTO SHEPTui, B TO Bpemst kKak OH sBisieTcst ofHO U3
repcrieKTUBHBIX dHeproadderruBHbIx cucteM [50]. ComacHO JaHHBIM
JIITEPATYPHBIX MCTOYHMKOB, OBIT VICCIENOBAH Psifi (GPYKTOBBIX COKOB
rocje mpoliecca KOHLIEHTPMUPOBaHMS UM BblapuBaHus metomnom OH,
Harpyumep, arenbCUHOBBIM coK [51,52], rpaHaTOBBIN COK [14], BUHOT-
panHbie coku [53], BUIIHEBbIe COKM [54,55], COKM U3 KUBU [56] 1 BEpKyC
[57]. ABTOpsI Fadavi u gp. [54] KOHLIEHTPUPOBAIY BULIHEBbIH COK IO CO-
Jlep)KaHusl CyxMX BellecTB Ha YpOBHe 33% u 46,7% OT MCXOLHOV MacChl
¢ ucrionbzoBauuem OH (ipu 10-30 B/cm; mpu atMochepHOM AaBIeHUN
u BakyyMe 30 u 60 kIla). Pe3ynpTaThl moKasany CHMUKeHME CKOPOCTU Ha-
rpeBa Ha 11,3% nipyu cHWKeHUU JaBiaeHus Ha 60% U CHYUKeHMe CKOPOCTH
HarpeBa Ha 30,7% npu M3MeHeHUM KOHLeHTpauuu Ha 46,7%. ABTOpbI
MTOATBEPAVIIN, UTO NPY MOHVDKEHUH JaB/leHMs (BaKyyMHOe COCTOSIHME)
9/1eKTPOIIPOBOAHOCTb YMEHbIIANach, a KOHLIEHTPaLVs yBeIu4nBanach.

B Hacrosiee BpeMsi IIPOBeIeHbI MCCIEA0BAHMS 10 M3YYEHUIO IeiicT-
Bust OH Ha npouiecc MHaKTUBaLMY (hePMEHTOB BO ()PYKTOBBIX ¥ OBOLTHBIX
COKax, BKJIIOUasi COKM MaHro [58], TomaTHbIi cOK [59], cOKM caxapHOTO
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TpoctHMKa [60—61] 1 ap6y3HbIii cok [31]. CornmacHo uccienoBaHmsIM, po-
BeneHHbIM Morales-Sanchez c coaBTopamu [62], MHAKTUBALMSI TEKTUHMe-
Tunacrepassl ([IM3) B pesynbrate OH (17-23 B/cm nipu 30-72 °C) 3aBuCUT
HEe TOJbKO OT MPWIOKEHHOTO 3JIEKTPUYECKOTO TOJIsl, HO U OT MUCXOIHOI
MPOBOAMMOCTY 06pasia. YueHnbie Jakob u ap. [63] Takke coobumim 06
yBenuueHnM MHakTyBauum IIMD npy BbICOKOV HavyaabHOI 37€KTPOIpPO-
BOJHOCTH, B TO BpeMsI KaK 3HAUEHUSI SJIEKTPUIECKOTO OISl 6bUIM MOCTO-
SHHbIMM. [I0 MHEHMIO aBTOPOB, AJis1 06paboTku OH (pyKTOBBIX COKOB,
00/1afaroNIX BBICOKOI 3IeKTPOIPOBOSHOCTBIO, JOCTATOYHO KOPOTKOTO
BpemMeHN (cekyHzpl). PaHee rpymma ucciemosatesneli [64] ycTaHOBMIIA
CHIDKEHME aKTUBHOCTU nonmbeHonokeuaassl ([IO0) nop neiictBuem OH
(20-40 B/cm, 20-90 °C) B mporiecce repepaboTKy BUHOTPATHOTO COKa.
O60611IeHHbIE JaHHbIE MCCIenoBaHnit o mpuMmeHeHun OH B mpotiecce
riepepaboTky GPYKTOB M OBOIIei mpencrasieHa B Tabnuuax 1 u 2.

3.3. Cpasnenue mexHosnozuu OH u mpaduyuoHHsix Memodos Hazpesa
3.3.1. MukpoGHas / pepmenmamusHas uHakmueayus

ITomyyeHbl pe3ynbTaThl, yKasbiBaolye Ha 6oee 3aMeTHYI0 3 derTns-
HOCTh OMMYECKOTO HarpeBa B mMHakTuBauuu Escherichia coli, mposkskeit,
JIAKTOGAINIIT M CalIbMOHEJIbI IO CPABHEHUIO C TPAIUIIMIOHHBIM METOLOM
macrepusanyu [16,36,39,71]. Kpome Toro, aBropsr Cho et al. [71] ucromns-
30BaJIM HempepbIBHYIO nacrepusanuio OH co6cTBeHHOM pa3paboTKu st
npoaykta Gochujang (bepMeHTHMPOBAaHHBIN HAILMOHATBHBIN KOPECKUI
MPOMYKT) C MacToit u3 ocTporo rnepiia. Cucrema obecrieunBana GbICTPbI
u paBHOMepHbIii Harpes (> 100 °C) 6e3 06pa3oBaHUsST HAKUITU, MHAKTHBA-
M0 MMUKPOOPraHu3MOB (2-7orapudmMimuyeckoe COKpalleHIe), coKpalile-
HYe BpeMeHy 06paboTKM 110 CPAaBHEHUIO C TPAOUIIMOHHON CHUCTEeMOI Ha-
rpeBa nepuonmyeckoro geiictsusi. Khue et al. [39] B cBoem nccinenoBanmmn
yCTaHOBWIM Gosiee GBICTPYI0 MHAKTUBALMIO MMKPOGOB IMpu 06paboTKe
pyKTOBBIX COKOB IToMenio OH 1o cpaBHEHMIO € OGBIYHOI IacTepu3ary-
eit. ITo panubM Hashemi and Roohi [36], ckopocTh MHAKTMBALIMY MUKPO-
OpraHM3MOB yBeJINYMBaIaCh IPY IOBBIIEHMY HampspkeHust oT 150 1o
250 B npu 06paboTKe LMUTPYCOBBIX COKOB. CXOKME Pe3ysbTaThl ObLIN 0-
JyyeHbl aBTOpoM Kumar B riporjecce 06paboTKy BUHOTPaJHOTO COKa Me-
TomoM OH: 1o Mepe yBenueHysI rpajieHTa HallpsSKeHMSI CHIDKAJIOCh Bpe-
Ms1, Heo6XOAMMOe IJIs1 MHAKTUBALMY, KOTMYECTBO MUKPOOOB OBUIO HIDKE
peKROMeH/TyeMOro Inpezena 1o 21 THs XpaHeHMsl B 06pab0TaHHOM BYMHOT-
panHoM coke OH (30 B / cm, 85 °C, 5 mun) [43]. Priyadarshini u coasTo-
pblI [72] HaGMIOAMM 3HAUUTENIBHYIO MHAKTUBALVIO GAKTEPUIT U JPOXOKet/
IJIeceH BO BpeMsl nacrepusauyuy Msakot mManro OH (10-20 B/cm npu
60-80 °C) o cpaBHEHUIO ¢ 00bIYHBIM HarpeBanuem mpu 90 °C B TeueHUe
10 muH. Iacrepusaryst OH (12,5 B/cwm, 60 °C B TeueHue 5 MuHyT) obecrie-
YyyIa MaKCMMaIbHOe CHYKeHUEe MUKPOOMOIOrMYeckoii 06ceMeHeHHOCTY
B s16;104HOM coKe. OIHAKO C yBeluueHueM BpeMeHM 06paboTKM U TeM-
TepaTypbl IPOUCXOAM/IN 3HAYNUTEJIbHbIC MISMEHEHMS COOEeP>KaHMsS aCKOp-
6MHOBOM KMCIOTHI U TpaHchopmaumy 1Beta [44]. Yuensle Sarkis u apy-
rye [73] NponeMOHCTPUPOBAIM KMHETUKY Aerpafanyy aHTOLMAHOB IIpyU
23-125 B 1 ipu 0661yHOM HarpeBauuu (70-90 °C) B MakoTH exxkeBuku. O6e
TexHojioruy HarpeBauusi, OH mpu Hu3KoM HamnpspkeHun (23 B) u 06bIu-
HBIJ1 Harpes, IOKa3aay OJMHAKOBYIO CKOPOCTb Jerpajalyii aHTOLMaHOB.
ABTOpBI COOBIIVIIN O 3HAUUTENIBPHOM Pa3pyIleHUy aHTOLMAHOB IIPY BbI-
COKOM HalpsDKeHUM 13-3a 2/IeKTPOXMMMUUeckux peakumit. OnHaKko yBe-
JIMUeHye rpayieHTa HalpspkKeHs IOJIOXKMUTETbHO BIMSIIO Ha COXpaHeHue
AQHTMOKCUIAHTHOI akTMBHOCTH [73]. Darvishi u coaBTopbs!I [74] B cBoeM uc-
C/1ef0BaHMM YCTAHOBU/IY CAMYIO BBICOKYIO aHTMOKCHIAHTHYIO aKTMBHOCTD
B oOpasliiax KOHI[EHTpaTa YepHOro BMHOrpaja (MaToku), 06paboTaHHbIX
OH, no cpaBHeHMIO ¢ o6pasLamy, MOABEPTHYTHIMM OOBIYHOMY Harpe-
By. IIpyMeHeHMe TeXHOIOIMM OMMYECKOr0 Harpesa IPMBOIMUT K CHIDKe-
HUIO ce6eCTOMMOCTY Ha 2,4 [o/1apa, a Takke K YMEHbIIeHUI0 BpeMeHU
06paboTrku B 7,2 pasa u 3HepromnorpebneHus B 6,3 pasa 6e3 M3MeHeHMsI
OpraHONeNTUYECKUX CBOJICTB 110 CPABHEHUIO ¢ OOBIYHBIM IIPOLIECCOM Ha-
rpeBanus1. CnezmoBarenbHo, 3ddexruBHOCTs OH 3aBMCUT OT NapaMeTpoB
06paboTKM, TaKMX KaK IPafyeHT HallpspKeHMsl, 4acToTa ¥ TeMIlepaTypa,
a TaKoKe OT XapaKTepUCTVK CaMOTo IPOYKTa.

Agtopsr Kanjanapongkul n Baibua mcronb3oBanu OH st ipefoTBpa-
eHus: 06ecIBeUMBaHMsI PO30BOrO L[BETA, CBSI3aHHOIO C MHIMOMPOBAHM-
em I1OO u ITO]I B koKoCcOBOI Bozie [85]. X0Tst 6osiee BbICOKAsI HATIPSKEH-
HOCTb JIEKTPUUYECKOTO OIS GhICTpee CHYKAIA aKTUBHOCTb ()epMEHTOB,
o6paborka OH (70-80 °C) HempepbIBHO yMeHbIana akKTUBHOCTh [1DO
B TeueHMe aauTenbHoro Bpemenu. Tak, OH nipu 90 °C 3a 3 MuH CHMXKAN
Ha 10% ucxonHyto akTMBHOCTb [1®0, KOTOpas ocraBaaach HeM3MeHHOM
B yonoBusix xpaHeHus. Hanporus, OH nipu 70 °C cHavasia OBBIILIAJ aK-
tuBHOCTH [1O/1, 3aTeM cHuskan mpu 80 °C ¢ BbIAEPIKKOI 0 TIOJTHOM MHA-
kruBaiyu npu 90 °C. IMowre 06paboTKM KOKOCOBasi Boma Ipuobpesa
CBeT/I0-PO30BbIii 1IBET Ha 14-71 JeHb. BMecTe ¢ TeM pe3y/nbTaThl TOKa3a-
71 GOMBLIYI0 aKTUBALMIO hDepMeHTa MPU YBeIMUYEHUU HaIlPSKeHHOCTU
9/IeKTPUYECKOTO TI0JIsI, IIPY 3TOM JIeKTpuUUecKasl YyacToTa He oKa3bIBaja
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IIponykT

I'paHaToBbI
(Punica granatum
cv. Hicaz) cox

BuiiHeBbIii COK

BuniHeBbIit COK

ATnenbCMHOBBIN
COK

ATnenbCUHOBBIN
COK

CoK KUBU

ApGy3HbIiT COK

Hanntku
Ha OCHOBe
ap6y3HOro coka

Cok caxapHOTo
TPOCTHUKA

Cok caxapHOro
TPOCTHUKA

Cok 11010B
ToMesno

TomMaTHBI COK

Kynasknpo-
BaHHBIN
LATPYCOBBIN COK
(cmagKuii TMMOH
U amneybCyH)

Cok yepHoit
II€TIKOBUILIBI

CoK 13 II0[10B
omMeso

COK 13 IJIOZIOB
omeJIo

MOpPKOBHBIi COK

MOpPKOBHBIi COK

BuHorpasHblit
COK

BuHorpasHblit
COK

SI610UHBIIT COK

S16710UHBIT COK

Ta6nuua 1. Pe3ynbraTs! ucnonb3oBanus OH st GpyKTOBBIX ¥ OBOIIHBIX COKOB
Table 1. Results of using OH for fruit and vegetable juices

IIpouecc

KoHueHTpMpOBaHue
(o 40% cyxux BeleCTB)

KonuentpupoBanue

KoH1leHTpupoBaHue
(o 40% motepy BOIbI)

KonuenTtpuposanue

KoHueHTpMpOBaHue
(o 40% cyxux BeleCTB)

KoHiieHTpupoBaHue

VHakTuBauus noaudeHo-
JIOKCUIA3bI

OU3UKO-XUMUUECKIe
1oKa3aTesn, CofepskaHme
610aKTUBHBIX COEIHE-
HMIL ¥ CPOK TOTHOCTU

VIHaKTUBaLMS TIEPOKCHU-
J1a3bl

O1leHKa BIMSHUS CrIoco6a
06paboTKM

WuakTtuBauus Salmonella
enterica serovars enteritidis

WuakTuBauus GpepmeH-
TOB (TIOUTaTaKTypOHA3a
U TIeKTMHMeTUI3CTepasa)

Tlacrepmsanms

Kunernka 06paboTky,
KayecTBO TePMOAMHAMN-
yeckasi OL[eHKa Mporecca

KOHIIEHTPUPOBAHUSI

MHakTuBaImus neKTuH-
MeTuI3CcTepas’a U JIakTo-
6aLyI

Bnnsinue 4acToTsl nepe-
MEHHOTI'O TOKa M HaIlps-
JKEHHOCTU 3JIEKTPUYECKOTro
T10JIS1 Ha M3MeHeHUsT 6110-
aKTUBHBIX COeIVHEeHUIT

Tlacrepusauus

[Mon60p onTUMAaTbHBIX
rmapaMeTpoB 06paboTKM

Tlacrepusauus

KoH1iieHTpupoBaHue

Tlactepusauust

MHakTuBanus
Staphylococcus aureus

KomO6uHMpoBanue/
CpaBHEHMe C APYTUMU
MeTozaMu

B coueranuu c BbINIapMBaHMEM

0[], BaKyyMOM

B couetanuu ¢ BbINIapMBaHMEM

1o, BAKyyMOM

Ilo cpaBHEHMIO C OGBIYHBIM
HarpeBoM

B coueraHuu ¢ BpllapuBaHueM

oz, Bakyymom (27 kIla),
no cpaBHeHuto ¢ OH nipu
armMocdepHOM AaBIeHUA

B coueTaHNM ¢ BbITapyBaHMEM
1of, Bakyymom (25-101 xITa)

B couetanuu ¢ BbITIapMBaHMEM

B BaKyyMe, 110 CPaBHEHUIO
¢ OH nipu atmochepHOM
JlaBlIeHun

ITo cpaBHEHMIO ¢ 06PabOTKOI

ropstueit Bozoii (90 °C
B Teuenue 15-60 c)

Ilo CpaBHEHMIO C O0GBIYHBIM
Harpesom

ITo cpaBHEHMIO C OOBIUHBIM
HarpeBoM

TTo cpaBHEHMIO C O6BIYHBIM
HarpeBoM

TTo cpaBHEHUIO C OObIYHBIM
Harpesom (90 °C, 5 MuH).

TTo cpaBHEHUIO C OObIYHBIM
HarpesoM (75 °C, 30 MuH)

ITo CpaBHEHMIO C OBGBIYHBIM
Harpesom

TTo cpaBHEHMIO C OGBIYHBIM
HarpesoM (20-80 °C)

TTo cpaBHEHMIO C OGBIYHBIM
HarpesoM (20-80 °C)

ITo cpaBHEHMUIO C OOBIYHBIM
HarpesoM (80 °C, 7 MuH)

TTo cpaBHEHMIO C OObIYHBIM
HarpeBoM (80 °C B TeueHne
60 c)

TTo cpaBHEHMIO C OOBIYHBIM
HarpesoM (72 °C)
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YcnoBus
IpOBeJEeHUs

3KCIIepUMeHTa

7,5-12,5 B/cm

10-14 B/cm

BoiBOaBI

Bpewms OH cokpatjaercst Ha 56% I10 CpaBHEHUIO
¢ OGBIYHBIM HarpeBOM

YBenuueHue IIPpOU3BOAUTEJIbHOCTY ITpoLecca
BbIITAPUBAaHNMS U CHVDKEHNME SHeProeMKOCTIN

8,3-13,9 B/cm, Ckopoctb HarpeBa OH B 10 pa3 Bblllle [0 CpaBHEHUIO

50 I

15-30 B/cm,
66 °C

13 B/cwm,
65-100 °C,
34-54 MyUH

24 B/cwm, 50 T

80 °C, 3 MuH

7,8 B/cwm, 60 I',
25 muH, 75 °C

ITo cpaBHeHuIo ¢ ynbTpassykom 7,8 B/cm, 60 I'u,
(20 KT'1y) 1 OGBIYHBIM HArPEBOM

80 °C
30 B/cm, 50—
20000 I

90 °C,
1 mun

150-250 B,
99,4 °C,120 ¢

15-30 B/cm

20-40 B/cm,
50-
20000 I'y,

20-40 B/cm,
50-20000 I'my,

120 B/cm, 60
KT, 15-80 °C

15-25 B/cwm,
40-90 ¢

10-40 B/cwm,
55-85°C,1-5
MIUH

16-24 B/cm
10-15 B/cwm,

50-60°C, 1-5
MUH

10 B/cm, 50 I,
2 MUH

C OGBIYHBIM HarpeBOM

OH 3HaunTeNbHO 3aMeAJIsieT IPOoLecC paspylleHus
nekTuHa 1 Butammua C, a Takke 1o3BoJsieT
TOJTYYUTh COK 60JIee BHICOKO KOHIIEHTPALINM

[Ipu MOBbILIIEHNUYM TEMIIEPATYPBI BpeMst 06paboTKM
YMEHBIIMIOCH [T0 Mepe BbITapuBaHMsI

OH B coueTaHuu C BbITIapMBaHMEM I10]] BAKYYMOM
JIydiie COXpaHsaeT aHTUMOKCUOAHTHYIO aKTUBHOCTb
y BuTaMuH C B KOHLIEHTPUPOBAaHHOM coke. OfHaKo
MIPY 5TOM YBEJIMUMBAETCS BpeMst 00paboTKH,
YCKOPSIETCSI KOPPO3USI 3IEKTPOIOB, CHMUXKAETCS
3G deKTUBHOCTD IPOIiecca ¥ MPOBOAVIMOCTh CPELbI

AKTMBHOCTb TIO/M(EHONTOKCHIa3bl CHU3WIIACH
Ha 36,15% u 8,87% 3a 60 ¢ py UCIIOIb30BaHNUN
ropstueii Bogpl 1 OH cooTBeTCTBEeHHO. I3MeHeHMe
1BeTa 6bIJI0 MeHbIIIe B 06pasiax, o6paboranHbix OH

[Tpu OH cHMsKeHME MUKPOOUOTOTUYECKOTH
ob6cemeHeHHOCTH 3G (dEKTMBHEe, YeM IPU OObIUHOM
Harpese

WnaktuBauus nepokcugasel npy OH 78% B xxuakom
cocrostHuu 1 100% B TBEpIOM COCTOSIHUM, UTO Goree
3¢ deKkTUBHO, YeM Py 066IYHOM HArpeBe

OH crioco6cTBOBa COXPAaHEHMIO LIBETA
u comepskaHus GeHONbHBIX COeMHEHMI

PaspyuieHne 6akTepuit IpOUCXOAUT GbICTPee TIpu
OH, ueM nipu 0GBIYHOM HarpeBe

WHakTuBauus GepMeHTOB IPOUCXOOUT ObICTpee
nipu OH, 4TO CrIoCcO6CTBYET COXpaHEHMUIO I[BETa
Y KOHCUCTEHIUY

I[Ipu yBennueHnM HaIpssKeHMsI CKOPOCTh
VHAKTMBALIMY TTATOT€HHBIX GaKTepuii
YBeIUYMBAETCS

Comepskanie (heHoma B KOHIIEHTPYPOBAHHOM
o6pastie B 3,0-4,5 pa3sa Bbie npu OH, uem mpn
06bIUHOM Harpese, IOTpeGieHne SHeprun
B 4,6-5,3 pasa HIKe

VHaKTUBALMS TIPOUCXOAUT ObicTpee rpyu OH, uem
py 06bIYHOM Harpese

OH mipu 60 I'y n 30 B/cm abekTrBHEE COBMECTHO
C mactepusaiueit

TIpu OH yBennumanch aHTMOKCUAAHTHAS
CIOCOGHOCTD ¥ MUKPOGMOIOrMYecKasi CTabuabHOCTD
B Ipo1iecce xpaHeHus B TeueHue 60 nHeit npu 4 °C

IMocne o6pa6oTkm OH (17 B/cm mipu 40 ¢) coK 6b1T
MPUTOJIEH J1Jist TOTpebieHus B Teuenme 10 quei,
OpraHOMeNTUYECKIE ¥ MUKPOBMOIOTYECKIe
roxkasaresy 6pl1y 6oee ecTeCTBeHHbIE, YeM Ipu
06bIUHOIT 06paboTKe

Mukpo6yonornyeckas CTabuaIbHOCTh Mocye
o6pabotku mipu 30 B/cm, 85 °C, 5 MuH coxpaHsIach
B TeyeHue 21 gHSI

TIpu OH BbInapuBaHue mpoucxomuT 3G deKTuBHee
Ha 80%

HamGonee 3HauMTeIbHOE YMEHbBIIEHME KOIMYECTBa
MMKPOOPraHM3-MOB Habmoganocs mpu 12,5 B/cm,
60 °C u 5 MuH

Ipu OH rubens Staphylococcus aureus TPOUCKOIUT
3a 60J1ee KOPOTKOE BPeMsI 10 CPABHEHMIO
¢ OGBIYHBIM HATPEBOM

[56]

[59]

[65]

[60]

[66]

[67]

[59]

[36]

[68]

[69]

[69]

[42]

[70]

[43]

[55]

[44]

[41]
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Ta6nuua 2. 0630p pe3yabTaToB UCHOIb30BaHNss OH B IPOU3BOJCTBE MPOAYKTOB 13 (PPYKTOB U OBOILIEN
Table 2. Overview of the results of using OH in production of products from fruits and vegetables

Komo6uHas/
IIponyxkT IIponecc CpaBHeHMe C JPyIrumMu
MeTozaMu
siropbl IRCTpaKIMs OMHbEHONOB Tlo cpaBHEHMIO C OGBIUHBIM
BUHOTpaja P HarpesoM (72 °C, 90 c)
IKerpakuys nomideHonoB To cpasnemmio
Kusu MUKPOBOJIHAMM
s OH ¢ MuUKpOBO/IHAMU ¢ POBOTHAM
U Mauepanyeinn
Kutsion Ixkcrpakuys nmomideHonos 1o cpaBHEHUIO C YIBTPA3BYKOM

OH c ynbTpa3BykoM ¥ Matiepanyeit

CpaBHeHMe QU3NIECKUX,

MUKPOCTPYKTYPHBIX.
P PYKTYD ’ 10 BBICOKMM OaBJIEHMEM

Kycouku anaHaca AHTMOKCUJAHTHBIX (600 MITa. 3 otk # OBEasbin
” epMEeHTHBIX » )
Har M MUH
XapaKTePUCTHUK arpesom (90 °C, 5 )
Bivsiuve Ha ITo cpaBHeHUIO ¢ 06pabOTKOI
I10J1, BLICOKUM JIaBJIEH/EM
Kycomar mepeia KAUECTBEHHbIE (600 '?\/[na 3 MI/IHZ)lI/I O6GBIYHBIM
s
XapaKTepUCTUKA warpesont (98 °C. 100 ¢
I'peiin T,
p]emmtgﬁy > TIpoU3BOACTBO MEKTUHA B
)48 UT IX OTX
U aneabCuH 3 LIUTPYCOBBIX OTXOZ0B
Tomar Ouncrka TTo cpaBHEHMIO C OGBIYHBIM

HarpesoM (100 °C)

B coueraHuu ¢ Bakyymom
(0,03 MIIa), mo cpaBHEHUIO
C 0GBIYHBIM HarpeBOM
(87-90 °C)

COXpaHeHI/Ie 610aKTUBHbIX

TomarHas macra P ——

KuneTtnka pasnoskeHust ITo cpaBHEHUIO C OOBIYHBIM

ITiope exxeBUKM

AHTOLMAHOB HarpesoM (70-90 C, 90 muH)
MHuakTtuBanus IT BHEHU BIYHBIM
Tiope MaHTo a aig 0 cpaBHe 105:06
oM eHOMTOKCHUIA3bI HarpeBoM (72 °C, 2 MUH)
Tlo cpaBHEHMIO C O6BIYHBIM
MHakTuBauus
ITrope maHro HarpesoM (90 °C B TeueHne
MUK raHM3MOB
POOPraHn3MOo 10 MuH).
ITo cpaBHEHUIO C UMITYIbCHBIM
MopKoBb
OnTumMmsauust 9/IeKTpuYeckuM nonem (4 kB,

” SI6JI0KO, MIope 0,5 KIDR/KT, 0,5 MC)

Tlo CpaBHEHMIO C MMITYJIbCHbIM

SJIEKTPUYECKUM I10JIEM
Binsinue Ha KauecTBO P

sl6nouHoe
Gnouroe mope Y ULEBYIO LIEHHOCTh

5¢0)

BppkmmKa n3
TOMaTa

HOJ'IY‘{EHI/IB 6110aKTUBHBIX

o KTPUYECKNUM II M
coeiMHeHUN STIEKTpIaeC one

(4-11 B/cm)

OTxoAbl IMMOHA HpO]/I3BO,E[CTBO MeKTUHa -

ITo cpaBHEHMIO C 06pabOTKO

(600 MITa, 3 MMH) 11 OObIUHBIM
HarpesoM (107 °C B TeueHue

B coueranuu c ymepenusim  OH-akcTpakiuei

Ycnosus &
poBeJeHus. BbIBOIBI 9 v
9=
3KCIepUMeHTa S
55 B/cm, 6090 ¢ ITpu OH cHmsKkaeTcst BpeMst Maliepammn,
72’0(: ’ coxpaHeHue nonudeHonoB Ha 17% Bbiite, uem ipy  [75]
: 0OBIYHOM HATpeBe
20-40 B/cm, ITpu OH yBenuumics BbIXo[ nomideHonoB
1-20 muH + B 1,1-5,4 [pa3a] ueM rpyu MMKPOBOJIHAX [76]
MUKpOBOJHGI (10, ¥ Malepauuu (Bap.pep,.: o CpaBHEHUIO
60 1 120 muH) C BO3/IeiiCTBYEM MMKPOBOJIH M Maliepalym)
20-40 B/cm,
1-20 MuH. + o
R ——— Ipu OH ymMeHbLIMIOCH BPeMSI SKCTPaKLyM Ha 34% [76]
(1-80 muH)
O6paboTtka OH cBMaeTeNbCTBOBaAIA 00
VBenuueHne 3JIEKTPOIIOPALIMM KIETOUHBIX CTEHOK, a TaKkKe
TeMIIepaTypbl 0 O [0C/IeJ0BaTeIbHOM YXyALIeHUY paBHOMepHOCTH [77]
90 °C pacrpezeneHus (BBUIY GOMBIIOTO KOJMYECTBa
MeJIKUX KYCOUKOB
IIpu OH MeHbllee KOMMYECTBO MHBA3UI, Y€M IIPU
98 °C,110 ¢ o6bryHOM Harpese. [Ipy OH yBennuniocs obuee  [77]
cozepskaHue rnomideHonoB
O61ee oTpe6eHe SHEPTUY YBETUUMBAETCS TI0
9 B/cm, 80 °C Mepe yBelIueHMs BpeMeHy 06paboTky, cpenHsist  [78]
MOIIHOCTb YMEHbILAeTCst
1500-4500 B/Mm +  BbICTpBIit pOCT TeMIIepaTypbl TOMATa, a TAKKE
COJIEBOJI paCTBOP 3JIEKTPOIIOpaLIMs YCKOpMIa porecc ounctku. [pu  [79]
(0,1-0,3%) OH coxpaHHocTb ButamuHa C Ha 4,1% Bbllie
OH-IIpOoyKT MMeeT GOJBIIYIO CTeNeHb
3,64 B/em paspylieHus caxapoB, a TaK)Ke KapaMeJIbHblii
é7 30 °C ’ 3arax, CBSI3aHHbIN ¢ ypdyporom [79]
’ u 5-metundypdyponom. OH cHimkaeT Bpemst
06paboTKMI
23-125B,60Tn, TIloreps anToumaHos npu OH Ha 3% Bblille, 4em (73]
70-90 °C, 90 muH MpY OObIYHBIM HarpeBe
ITpu OH yBennumniaach KaxxyIasicst BSI3KOCTb Ha
15-20 B/cwm, 60 10,26-15,64% v conep>kaHue pacTBOPUMBIX (58]
T, 72 °C, 2 MuH BOJIOKOH. IHaKkTMBanus Ha 95,7% MOCTUTHYTA
yepe3 15 ¢ B 060ux crydasx
10-20 B/cm, BakrepuanbHas Harpyska cHusmiaach ¢ 80 KOE/mn [80]
60-80 °C no 7 KOE/Mn njis gposkkeit/ rieceHei
572 B, 12 kT'n, Wuaktusaims OH nonmdeHomokengasbi
114 B/cm, 40— ¥ IepoKcKassl 6p10 Gosbiire (0koso 90%) mpu  [81]
80 °C 80 °C
107 °C (o6pasen, IIpu OH ycraHOB/IEHO 6ojee BbICOKOe COXpaHeHue
MIOJOTPETHINl OT ~ KaueCTBEHHBIX XapaKTePUCTUK SIONMOYHOrO mope  [82]
25 no 60 °C). 10 CPaBHEHMIO C OOBIYHBIM HarpeBOM
PactBopuTenb
¢ oGpaGorkoii Vi3BneueHue IMKONMHA BbIle Ha 4,93 MKI/T
5 - BBDKVMMOK, Ha 58% BbIllle CKOPOCTD U3BJICUEHYISI.
(71% 1va1£02 52 ?{%f’ Vi3BneueHne nonudeHoNI0B U KAPOTUHOUIOB [83]
¢ rcronesopamy- YBEMUMIOCH IIPU MCTONMH30BAHMM OH 6 n 11 B/cm
em 70% sTaHoma)
70-90 °C mnst
0—30 MIH VemoBys SKCTPaKLMM BIMSIOT HA BbIXO[, IIeKTUHa  [84]

Tpumeuanue: HPP — o6pabomxa nod evicokum dasneruem; OH — omuueckuti Hazpes; PEF — umnynscHoe aiekmputeckoe none; IO — noaugeronokcudasa; IMOI —

nepokcudaza; TPC — obujee codepicaHue noaugpeHoos.

CYIIECTBEHHOTO BIMSHMS Ha aKTUBHOCTb (hepmeHTa. TakKke CTEreHb COo-
xpanenus Burammuna C mocie OH 6buta 3HaunTenbHO Hke (10,6 +1,4%),
yeM Tpu 06biuHOM HarpeBanuu (14,7%). B npyrom uccienoBanuu OH
CHYBKaJI aKTUBHOCTDb [IPO coka caxapHOro TPOCTHMKA (OCTaTOYHAs aK-
tuBHOCTH 10,07% mipu 32 B/cm 1 80 °C) 3a 6osiee KOPOTKOe BpemMst 06pa-
6otku (1 MuH) co cpokom xpaHeHus 10-30 mHei Tpy KOMHATHOI TeM-
repaType ¥ TeMIiepaType OXJIaxKIeHNsI COOTBETCTBEHHO, TI0 CPaBHEHUIO
¢ 0OBIYHOV TepMUYECKOii 06pabOTKOIM, KOTOpasi CHMKAJa aKTUMBHOCTb
[1®O (ocTaTouHast akKTMBHOCTD 6,47%) 3a 10 myH nipu 80 °C [61].

3.3.2. Konyenmpauyus / cywka

[ KOHLEHTPUPOBaHMSI (GPYKTOBBIX COKOB VICIIONB3YETCSI HECKONb-
KO TpPaJMILIMOHHBIX METOZAO0B, OJHAKO 3TM METOAbl IPUBOAST K HU3KOMY
KayeCTBY CTaGMIM3VPOBAHHBIX IMIIEBLIX IPOLYKTOB, TAKMX KaK JKUJ-
KOCTY MJIV COKY C BBICOKOJ BSI3KOCTBIO, COZlepsKalliyie KPYITHbIe YaCTUIIbI.

ITo aToi puurHe OH 6bUT TIATENBHO U3YYeH ISl IPYUMeHEeHMS B LIeJIsIX
MCIIapeHusl, KOHIeHTPUPOBAHUS, CYIIKM WM Aerugparaunu. Vimerorcst
He/laBHMe MCCIeN0BaHMUs 110 KOMOVHMPOBAHHOMY MCITOJIb30BAHUIO Pa3-
JIMYHBIX HETEPMUUECKUX Y TePMUUECKUX TeXHOIOTH ¢ 06paboTkoit OH
ISl TacTepy3alyi, a TaKkKe C LeJbI0 COXpaHeHNs 6M0aKTVBHBIX COeIy-
HeHut [86] mpu BbIIApMBaHMM MM KOHLEHTpupoBaHuu [52,55,56,57].
Hanpumep, obiee comepskanue HeHOIOB B COKe CaxapHOTO TPOCTHMKA,
o6paboranHoro OH u ynbTpasByKOM, ObUIO TaKoe ke, KaK ¥ B CBEXeM
coke 6Ge3 IOIONHNUTENbHON HeTepMmuyeckoil o6paborky. OmHAKO INpu
BM3YAJIbLHOM BOCIPUATUM 06pPasloB B 060MX BapMaHTax 06pabOTKU
YCTAHOBJIEHO He3HauuTeabHOe OTIMyMe B IBeTe. C yUeTOM 9TUX JIBYX
rapamMeTpOB KauecTBa, COIIACHO AAHHBIM Rodrigues m coaBTOpOB [66],
yapTpa3Byk M OH okasamuch 3ddexkTrBHON 3amMeHOl MmacTepusaluu.
Kpowme Toro, obuiee conepskanye GpeHOIOB B KOHIIEHTPATe COKa YePHOIA
1IesIKOBuIIbI, o6paboranHom OH, 6b110 B 3-4,5 pasa Bblllie, oTpebiie-

63



Burak L. Ch. et al. | FOOD SYSTEMS | Volume 7 No 1 | 2024 | pp. 59-70

HMe 3Heprum ObUTo HIKe B 4,6—5,3 pasa, a 3pPeKTUBHOCTh KOHIIEHT-
pupoBaHusl — Ha 38-46% Bblllle, YeM NPy TPAAMLIMOHHOM Harpese [68].
Norouzi ¢ coaBTopamu [54] ycranoswmm, yto metozsr OH (8,3-13,9 B/cm)
YBEIMUMBAIOT CKOPOCTh Harpesa B 10 pa3 u cokpauaior Ha 13-45% He-
06xonyIMoe BpeMsl KOHIIEHTPMPOBAaHMSI BUITHEBOTO COKA MO CPABHEHUIO
C 06BIYHBIM HArpeBOM (ropsiyasi IIUTa). ABTOPBI MIPUIIIU K BBIBOAY, YTO
6oJiee BBICOKME HAIPSDKEHUST TPOIYCKAIOT OObLIMI TOK 4yepe3 obpa-
3ell, M YBEeIMUMBAIOT CKOPOCTb MCIIApeHNsT BOJbI, TEM CaMbIM COKpallast
BpeMsi 06paboTku. Kpome Toro, usmeHeHue 1peta 6bU10 60ee 3amer-
HBIM B OOBIYHO HAarpeToM BUIIHEBOM coke, uem mpu OH. Takske aBTOpbI
Cokgezme u Icier [87] ucronb3oBanu crenyaabHO pa3paboTaHHOe OMM-
yeckoe orrauBanue (10-20 B/cm) myisg 3aMOPOKEHHBIX KOHLIEHTPATOB
BUITHEBOTO coka (15-50% CB) ¢ 1esibio cokpaiieHus Bpemenu (4o 90%)
10 CpaBHEHMIO € 06bIYHBIM OTTanBaumem (4 °C). [Ipy oMMUyeckoM OTTa-
VBaHMY HeOGOMbIIasl YacTh 3aMOPOKeHHBIX 00pasIoB MOAHMMAIAch Ha
[IOBEPXHOCTb M3-32 OTHOCUTEJIbHO MEHbILIEel TUIOTHOCTH, UTO CO3[JaBajio
TeMIIepaTypHyI0 HEOJHOPOLHOCTb HA [TOBEPXHOCTY BBUIY OTHOCUTENb-
HO GBbICTPOTO MOBBILIEHMS TEMIIEPATYPbl B OTTAUBAIOIMX OOIACTSIX.

B HeKOTOpBIX HAyYHBIX MyONMMKALVSIX DeMOHCTPUPYETCS] BIMSHUE
texHonoruu OH, Mconb3yeMoii A1 CYIIky GPyKTOB 1 OBOIIEI, B CpaB-
HeHuM ¢ o6bpIyHOM cymkoii. Tak, Cao ¢ coaBTopamu [88] ycTraHOBMIHM,
YTO CYIIKA IIOFOB JIMYM C MOMOIIBI0 TeXHOMOrum mnpepeiBucroro OH
(ipm 70 °C; 20 MuH U 5-15 MUH CyIIKM) yMeHbIIaeT 3QQheKT noTeMHe-
Hus v obecrieuyBaeT JTydliee Ka4eCTBO IIPOLYKTA C TOUYKM 3peHMs 3ara-
Xa U BKyCa, a TaKke TpebyeT MeHbllle YHePrUU 110 CPABHEHMIO C 0ObIU-
Hoit cymkoit [88]. Touno Tak ke Poojitha u Athmaselvi [89] 3ameTwn,
YTO CKOPOCTb CYIIKM ObUIA 3HAYUTETbHO BBIIIE TP OMMUYECKOM OJIaH-
HIMPOBaHMM YecHOKa (26,66 B/cm 3a 30 €) 1O CpaBHEHUIO C OOBIYHBIM
6nmaHuMpoBaHreM. Kpome Toro, ommuueckoe GlaHIIMPOBaHMEe BbI3bIBA-
JIO MEHbIIYI0O MHTEHCUBHOCTb TIOTEMHEHMSI U TI03BOJIMIO COXPAHUTD [0
945,8 MI/KT OUaTUIIACYIbGUIA B YeCHOYHOM ITOPOIIKE.

3.4. IIpedsapumenvHas ob6pabomka u komoéunuposarnue OH
C HemepMu4ecKUMU MexHoN02uUAMU

B mpouecce 06pa6oTku GpyKTOB M OBOIIEH YACTUYHAS WY OCMOTHU-
yeckasi JeruapaTanysi UCIONb3YIOTCS IJis YIAJIeHUs 4acTy BOJIbI, AJIS
MHIMOMPOBaHMS (ePMEHTaTUBHOIO ITOTeMHEHMsI U C 1Iebl0 CoXpaHe-
HMS IIePBOHAYAJIbHBIX OPraHOJMeNITMYEeCKMX MToKa3aTeneil kauecrsa [90].
IpepBaputenbHass obpaborka OH crmoco6eTByeT 3hdeKTMBHOMY Mpo-
Leccy 06e3BOKVMBaHMs, 06ecrieunBast Ipy 3TOM COXpaHeHVe G1onornye-
CKM aKTMBHBIX COeJMHEHW, [I03TOMY JaHHbIIi CITOCO0 SIBJISIETCSI TPUTOJ -
HBIM JJ1s1 IPOMBILIUIEHHOTO BHeipeHysi. CMHepreTnyeckoe Bo3zeiicTBue
OH 1 BakyyMa CYMTAETCS JTyYIIUM METOLOM 06pabOTKM JJIsl YTy dIIeHsI
MUKPOCTPYKTYPHI SI67IOK P MTPOU3BOACTBE SIGJIOUHBIX 3aKyCOK, 60TaThIX
dbonmeBoii KUCTOTON, a Takke OCMOTUYECKM 0OE3BOKMBAET KITyOHUKY
u yepHUKy [91,92,93,94]. O6paborka OH cokpamiana Bpems CyLIKU 10
50% mjist ocMOZernapaTMpPOBaHHbBIX SIOJIOK 10 CPABHEHMIO C OOBIYHbI-
Mu obpaborkamu [91]. Touno Tak ke aBrop Kutlu [90] ucnonszosan OH
B COUETaHMM C OCMOTMUecKoii merupparauneit (20-40 B/cm B TeueHue
10-30 muH) 17151 aiiBbl. YCTaHOBJIEHO GoJiee BHICOKOE 0bliee comepkaHme
beHo10B, BbIsIBIIEH KOAGOUIMEHT peruapaTauyum 1 HaigeHbl Pasinamst
B LIBETe U OMAIEKTpuYecKux cBorictBax (mpu 40 B/cm B Teuenune 30 Mu-
HYT) P KOHILIeHTpauum caxapossl 16,67% u mukposonHax (270 Bt no-
ci1e 06€3BOKMBaHMS) 110 CPABHEHNIO C KOHTPOJIBHBIMM 06pa3iiaMu.

Texuonorust OH Hapsimy ¢ 371eKTporopanueil, TepMUIeCKUM U BaKy-
YMHBIM BO3/Ie/iCTBMEM BbI3bIBajIla OCMOTMYECKIe M3MEeHEeHMsI B TKAHEBbIX
ropax u TOAAepK1Baa CoAepsKaHe BOAbl M BTOPUUHBIX METabOIUTOB
pacrenuii. Ix BosmeiicTBue Ha [IOO 6b110 3HAUMTEIBHBIM ITpK 50 °C, 4TO
YBEIMUMIIO CPOK XpaHeHMsI 06paboTaHHBIX SI6JIOK 10 4 Hemenb. CuHepre-
Tnvecknit addext OH 1 MMITyIbCHOTO BakyyMa (MMITY/IbCHAsT BAKyyMHast
ocMoTMueckas geruaparanys/o6padorka OH) mosbicuit 3¢ GeKTUBHOCTh
MPOLIECCOB AerUapaTalum U COXPAHMUI OMOOIMYECKY aKTUBHbIE COeMM-
HEHUST YePHUKM, 0COOEHHO ToMdeHombI [95]. UMITy/IbCHOE 3/eKTpuye-
ckoe none (VI3II) u npenBaputenbHast o6paborka OH o6pasuoB o6pabo-
TaHHOTO coka (rpu 80 °C) mokasasnu 6oee HU3KME 3HAUCHUS U3MEHEeHMSI
LIBETA M TOBBILIIEHHYI0 AHTUOKCUIAHTHYIO aKTMBHOCTb 110 CPAaBHEHUIO
¢ Heo6paboTaHHBIMM 00pa3amu. Kak B MOPKOBHOM, TakK U B SI6I0OUHOM
mope 6si1a gocturnyta 90% muakrusaiys [10 U OO ripu 80 °C (Tem-
repaTypa IpefiBapuTeNbHOTO Harpesa) [81].

VYuensit Kumar 1 ero coaBTops! [96] uccnenosanu BosgeiictBue OH
(narpes 10 90 °C npu 25-35 B/cm B TeueHne 60-180 c) B KauecTBe dTara
MIpeABapUTENbHOI 06paGOTKY ITepe], CYIIKOii KyOMKOB CBEKeCpe3aHHOTOo
aHaHaca (Anana comosus). O6pa6otka OH B Teuenne 90 u 120 ¢ npuBena
K MaKCMMaJbHOMY M3MEeHEeHMIO TeKCTYPbl. ABTOPBI ITPOIEMOHCTPUPOBA-
JIV BIVSTHYE HATIPSDKeHHOCTY 37IeKTPMUeCKOTO OISl Ha paspylieHye TeK-
CTYPBI, YTO BBIPAXKAIOCH B MOSIBIEHNY HEGOIbIIMX TPELIVH Ha [I0BEPXHO-
CTY KOKULBI hpyKTa. Kpome TOTO, 351€eKTprdeckoe rose Bbi3Bano addexr

9JIEKTPOIOPAIVY Y IeKTPOIepMeabunIn3anyy 1 yBeIuumuiIo CKOPOCTh
MaccorepeHoca, YTO IIPMBENO K YCKOpeHMIO Ipolecca 006paboTku
", CJIeOBATENIbHO, K COKPAIIEHMIO BpeMEeH! CYIIKM. [0 MHEHUIO aBTO-
poB, o6paborka OH MOXKeT MCIONb30BaThCs B KauecTBe aabTepPHATMUBbI
TPagVLIMOHHOMY OIaHIIMPOBaHMIO (GPYKTOB ¥ OBOIIEN Ieper CYLIKO
u xpaHeHueMm. B npyrom uccnenosanum Rinaldi u npyrue [77] Habmromanu
CUJIBHYIO JIEKTPOIIOPALIMIO KIIeTOYHOJ CTeHKM KYOMKOB IIepCcuKa 1 aHa-
Haca, mpenBapurtenbHo obpaboraHHbix OH (B caxapHoMm cupore). ITo
MHEHJIO aBTOPOB, KOMOMHMPOBaHHast 06pa6oTka OH 1 BBICOKMM HaBiie-
unem (BII) mo3Bonmia qo6UTHCS HAMIYUIIEro COXpaHEHMs pasMepHbIX
XapaKTePUCTUK, TBEPOOCTU U IBeTa KyOMKOB, KOHCUCTEHIMM CUDOIIA.
OpmHaxko 171t 06pa3sioB, o6paboranubix OH 1 TpaguIIMOHHBIM HAarpeBoM,
HaOMIONAIOCh 3HAUMTENbHOE CHIDKEHME COmepyKaHusl ackopOMHOBOM
KUCIOTHI ¥ OHOBPEMEHHOe yBelnveHye o611ero conepkanyst GeHoIoB.
ABTOpBI [77] mpennonoxkuan, 4to o6pasisl, o6paboTanHbie BJI, nmeror
MeHee NOBpeXIeHHYI0 GOpMYy M MUKPOCTPYKTYPY 3a CUeT CMpOIa, Co-
JlepsKallero pacTBopuMblie cyxue BemiecTBa. C APyroii CTOPOHBI, aHAHAC,
06paboTaHHbI OGBIYHBIM HArpeBaHMeM, II0Ka3al CaMyl0 HU3KYIO OCTa-
TOYHYIO0 aKTUBHOCTb [P0, 0HAKO aHTUOKCUIAHTHAS CITIOCOOHOCTD OblyIa
corocTaBuMa ¢ 06pasiiamMmu 06paboTaHHbIX KyOMKOB aHaHaca.

BakyymHOe BbIlTapyBaHye IIPUMEHSIETCS] B TPOU3BOLCTBE (PPYKTOBBIX
COKOB [ijIs1 KOHIIEHTPUPOBaHMS, HO OHO MMeeT HeKOTOpbIe OTrpaHNYeHVS]
B OTHOILLIEHMM CEHCOPHBIX KauecTB, TaKMX Kak MoayuduKaumum apomaTnye-
CKUX VI JIETYYMX KOMIIOHEHTOB M3-3a IJIUTEIbHOTO BpeMeHU 06paboT-
ku. TpaaMLIMOHHBIE CUCTEMbI BaKyyMHOIO BbITIAPMBAHMS C TIAPOM MU
ropsiyeii BOJ0¥i MOTPEGISIIOT GOMbIIOe KOMMUECTBO SHEPIUM TIPU HU3KOMI
sHeproaddexTnBHOCTI. Bonee Toro, 06bIYHOE BaKyyMHO€e BbIIIapMBaHVe
MIPMBOAUT K 0OpAa30BaHMIO HEKeNaTeNbHbIX KOMIIOHEHTOB ¥ K IIOTepe
MUTATeNbHBIX BelecTs [55]. B KauecTBe aabTepHATVBBI BAKYYMHOE BbIIIa-
pUBaHMe rPaHATOBOTO CoKa ¢ romolnbio OH (rpu 7,5-12,5 B/cMm, BbIapu-
BaHMme ot 17,5% no 40% CB) mokasaio MeHblliee pa3/ioskeHue caxapa u CHI-
KeHue comepskaHus ruppokcuMeridypdypona. OgHako Ha 3HavYeHMe
LIBETOBBIX [TOKA3aTeNell, aHTMOKCUIAHTHYIO aKTMBHOCTD, 06I1Iee comepsKa-
HYe MOHOMepPHbIX aHTOLIMAHOB 1 Ha obliee cogepskaHye heHomoB 6osblie
BIIVSIZIVL 2JIEKTPOXMMMYECKYe peaklyMy Ha TUTAHOBBIX 2/eKTpojax. Kpo-
Me TOro, Jjisi 60jiee TOUHOI OLleHKM 3¢ deKTa BaKyyMHOIO BbIITAPUBAHYS
¢ nomonibio OH Ha KOHIIEHTPATBI COKA C BHICOKOH KMCTIOTHOCTbBIO UCIIO/b-
30Ba/ICh GoJlee NMEeKTPOXMMMUIECKM HEePTHbIe 3MeKTpossl [78]. Bombiioe
BJIMSIHME BaKyyMHOTO Harpesa ¢ romolpio OH mpuBeno K COKpaleHnio
BpeMeHM 06pabOTKM, TeMIIePATypbl KUITEHVST M HU3KUX paboumx Temiie-
patyp, UTO B UTOTe CHU3WIIO [TOTePY KauecTBa IIPOLYKTOB BO BpeMsl ITPo-
usBozctaa [50]. CuHepruueckoe Bo3neiicTsue OH mpy pasianyuHbIX rpain-
eHTax HanpspkeHus (7,5-12,5 B/cm) ¢ BaKyyMHBIM BbIIIapMBaHUEM ObLIO
MPOJIEMOHCTPYPOBAHO /I/Is1 KOHLIEHTPMPOBAHMSI TPAHATOBOIO COKa, KOTO-
poe TpeGyeT MeHbIIIEro BpeMeHy 06paboTKM (CHIDKEHYE Ha 56% I10 cpaB-
HEHMIO C TPAAMIVIOHHO} TepMIUYeCKoii 06paboTKoit) pu 3 deKTMBHOM
MCTIONIb30BAHMUYM SHEPTUY, UTO JeIaeT ero MPUrogHbIM AJIS1 TPOMBbIIUIEH-
HBIX Liesnieli [14]. YcraHoBIeHO, uTo uHTerpauysi OH B cucteMy BaKyyMHOTO
BBINTAPMBAHNS YIyULIMIA O0lIee KauecTBO KOHIIEHTPYPOBAHMS (CozepsKa-
Hue CB 30%) rpaHaTOBOrO COKa, Jaja CaMyl0 BbICOKYIO SHEPTreTUUYecKyIo
Y 9KCePruYecKylo 3G PeKTVBHOCTD, a TAKKE BICOKYIO0 CKOPOCTD yAaleHs
BOJIbI 110 CPABHEHMIO C BAKYyMHBIM BblllapuBaHueM. [Ipy UCIIOIb30BaHUY
OH (7,5-12,5 B/cm) ¢ BakyyMHBIM BbITTapUBaHMEM YBEINUMUIOCH COTepyKa-
HMe CyXMX BelleCTB rpaHaToOBOro coka ¢ 17,5 no 40% [13].

OH crioco6cTByeT BaKyyMHOMY MCIIAPeHUIO € TOYKY 3peHust addex-
TUBHOCTY MCIIOJIb30BAHMSI SHEPIUM M IKCEPTUU U NTPENOTBPAIAET YaCThIe
Tpe6GOBaHMSI K YCOBEPIIEHCTBOBAHMUIO cucTeMbl. ABTOpbI Tung u apyrue
[84] mpumeHsIM BaKyyMHOe ycrapeHue ¢ momouipio OH (17,5-25 B/cm)
TSI TPOM3BOZCTBA BUHOIPATHOTO ITeKMe3a (KOHLIEHTPMPOBAHHOTO CUPO-
1006Pa3HOTO MIPOAYKTA), KOTOPOE ITOTPEGIISITIO MeHbIIe 3HEPTUY 10 CPaB-
HEHUIO ¢ OOGBIYHBIM BAaKyyMHbIM BblMapuBaHueMm (57-50 MuH). ABTOpPbI
Sabanci and Icier [55] uccnemoBany BakyyMHOe BbllTapMBaHye C TIOMOIIbIO
OH (npu 10-14 B/cm, 1 KOHUEHTPUPOBaHus 10 65% conepkanusi CB)
IS BUIIHEBOro coka. ITo MHeHMIo aBTOpOB, 06liee NOTpebieHye SHep-
MM CHWKAJIOCh IO Mepe yBelIM4eHMsl IpajivieHTa HaNpspKeHUsl; OGHaKo
JIAaHHBII TIOKa3aTeslb BO3PACTAJI TP MOBBILIEHUM COEPKAHUS CyXUX Be-
mrectB [55]. Torshizi M. V. ¢ coaBTopamu [97] ycTaHOBWIN, UTO [ITNTENb-
HOe BpeMsI 06paboTKY CHYKAaeT 9HeprodhGekTMBHOCTb, HO YBeIUYMBAET
riorepy 1 9 deKTUBHOCTb 9Kceprun. Kpome Toro, rpafiyeHT HanpsmKeHMsT
M MIPOLIEHT TOTepU Beca 06pasiia CBsI3aHbI CO BpeMeHeM IpoLecca, ¢ 3¢-
(beKTMBHOCTBIO MCIIONIBb30BaHMS SHEPIUH, ¢ 93GHEKTUBHOCTBIO U MOTepeit
9KCepryuy ¥ C MOTeHUMANIOM yayulieHys. OfHaKo BaKyyMHOe BbIIapyBa-
Hue ¢ omolbio OH MOKHO MCITONb30BaTh B KauecTBe 3 deKTUBHOI ajlb-
TePHATVBBI BAKYYMHOT'O BbIIIApMBAaHMsI KOHLIEHTPAaTOB (DPYKTOBBIX COKOB
IS TIOMTyYeHVsT aHAJIOTMYHBIX WJIV JTYYIIUX PEOJIOTMYeCKUX CBOVICTB.

KoM6MHMpOBaHHOE YCIIOMb30BaHMe BakKyyMHOro HarpeBa ¢ OH (kak
rMOPUIHBI BaKyyMHbI HarpeB OH) cOXpaHsUI0 KauecTBO MMIIEBbIX MTPO-
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IIYKTOB C TOYKM 3PEHMUSI COleP>KaHMsI MUTATeIbHBIX BelecTB. Tak, K Mpu-
Mmepy, Darvishi u coaBTops! [47] ucciaenoBanyu ycIoBusi BAKyyMHOTO Ha-
rpesa OH Bo BpeMs mpoiiecca KOHLIEHTPUPOBAHMS alleJIbCMHOBOTO COKa
M CPAaBHWIM MX C OTAENbHBIM TporieccoM OH (B aTMOC(hEepPHBIX YCIOBUSIX)
M ¢ OOGbIYHBIM BaKyyMHBIM HarpeBoMm. COITIaCHO pe3ysibTaTaM, KOMOU-
HMPOBAHHbBINM Harpes IOKa3aJl MeHbIIYI0 Jerpagaunto ButammuHa C (10—
29,2%) no cpaBHeHMIO ¢ omuueckuM (18,0-38,8%) 1 06bIYHBIM HAarPEBOM
(47,4%). Kpome Toro, pH, comepskaHie o6iiero ¢heHoma 1 aHTMOKCUIAHT-
Hasl CITOCOOHOCTb CBEXEBBIKATOTO M KOHIIEHTPUPOBAHHOTO COKA B MEHb-
1Ieil crereHy M3MEHSIIOTCS TIPY OMMYeCK)-BaKyyMHOM HarpeBanun. Co-
[JIaCHO pe3ynbTatam, ButamuH C v 061mii heHo JTydIie COXPaHSIICh ITPU
YBeIMUeHMM HAITPSKEHMST, YTO COKPAIIaIo BpeMst 06paboTKI.

Fadavi u mpyrue [98] ucronp3oBany pasiuyHble KOMOMHAIMU 06pa-
6otok (OH-Bakyym mipu 10-30 B/cm, 30-60 °C, atmochepHoe naBieHue,
BakyyMm 30 u 60 kIla) pyis rpeiindpyToBOro M JMMOHHOIO COKOB. I'peii-
pyTOBbI COK MMeN 6ojiee HU3KYI) 3JEKTPUYECKYI0 MPOBOAUMOCTh
(okomno 20%) 1o cpaBHEHMIO C IMMOHHBIM COKOM TP TOM >Ke TpajueHTe
JIaBJIeHVSI Y HANPsiKeHMs1. XOTsI TPOLIEHT CHMKEHVSI CKOPOCTM HarpeBa Ba-
poupoBacs oT 19% mo 32%, maBjieHne 3HAUMTEIbHO BIMsIO Ha pH 060mx
cokoB. OHAKO aBTOPbI HAGIOAAIM GoJTbllee CHIDKeHMe pH Ipy MeHbIlemM
BpeMeHM 06pabotku [98]. Abedelmaksoud ¢ coaBropamu [99] npumMeHsn
YABTPa3BYKOBYIO 06pa6oTKy 1 OH B 1a60paTOPHBIX YCIOBUSIX (YIbTPA3BY-
KOBOJ1 ATUMK BMECTO OObIUHBIX OJIEHIEPOB B CMECUTEILHOM pe3epByape
niepen, o6opynosanvem OH) myist mactepusanuy HEKOHIEHTPUPOBAHHOTO
SIGIOYHOTO U arebCMHOBOIO COKOB. CHHepreTuyecKuit Moaxon CHU3WI
98% IM®O B s16;110uHOM COKe 1 96% IIMD B aresbcMHOBOM coke. [Ipyu sTom
o6paboTrka yibTpasBykomM u OH yyuimiia copepskaHue GMOoIorndecKkm
aKTMBHbBIX BeIEeCTB (aCKOpPOMHOBAsE KUCIOTa, 06lee comepskaHue Kapo-
TUHOUZIOB U 0o0lee comepkaHyie GeHONIOB) U I[BETOBbIE XapaKTePUCTUKI
COKOB. [Io MHEHUIO aBTOPOB, 3HAYUTETbHOE YBEIUMUEHMEe OOIIero comep-
skaHust HeHoIoB GbUIO MOMyYeHo B ciepylomeM nopsake: OH-o6pa6oTka
YABTPa3ByKOM > TepMO3BYK > OH > 06br4HbIii Harpes [99,100].

Ipensapurenbhas o6paborka OH (40 °C B Teuenne 20 mun; 40-100°C
B TeyeHMe < 20 C) YCKOpsIeT NMPOLIeCC U3BIeYeHNsI LIeHHBbIX GUTOXMMMUYe-
CKMX BeIeCTB, TAKMX KaK aHTOIVAHBI, U3 OCTATKOB BUHOAEIMS (KOXKMUIIA
BUHOrpana). PesynbraTsl nokasany, 4o OH yBenmumBaeT IpoBOAMMOCTbD,
ob11ee KomMuecTBo GeHONbHBIX COeIMHEHNI, COfepskaHe PaCTBOPUMbIX
CYXMX BEIeCTB ¥ MHTEHCUBHOCTb KPACHOTO IiBeTa 06pabGOTaHHbIX IKC-
TpakToB. [IpegsapurenbHast o6paborka OH (rIpu BBICOKOI TemImepary-
pe B TeyeHye KOPOTKOTO BpeMeHM) obecrieumsia GbICTPbI BHYTPEHHMI
HarpeB KOKMIIbI BUHOIPAJA, YTO TOBBICMJIO COIEpP)KaHMe aHTOLMAHOB:
¢ 756 no 1349 Mkr/r MmanbBuaMH-3-0-oko3uaa [101].

OH-ouncTKka MCIONb3YeTCS B KauyecTBe aJbTePHATUBBI OOBIYHON
ounctke GpyKTOB 1 oBoIIeit. OMHAKO KOMOMHMpOBaHHAs cucTema OH
¥ HeGOJIBIMX KOHIIEHTPALNIiA 1eIoun (TUIPOKCHUIA HATPIUS MU KasIust)
WM PacTBOPOB coJieii obecrieunBaja Jydillee KayecTBO OYMCTKY, YeM
MPOLLeCCh 10 OTaenbHocTH [28,29,102].

3.5. IIpeumyujecmea u Hedocmamku Ucnoab308aHus mexxHonozuu OH

8 NJ1000080UHOM NPOU3800CMEe

TexHonorusi OH He TOJMBKO MHAKTUBUPYET MUKPOOPTaHU3MBI U IH-
meBbie hepMeHTbI, HO U MPeJoTBpallaeT Ieperpes 1 MO3BOSIET I
COXpaHATh CBOE eCTeCTBEHHOe KauecTBO 6e3 mobaBieHUs] CMHTEeTude-
CKMX KOHCepBaHTOB. OgHaKO HeTepMuueckoe Bo3geiicTBue OH BKiO-
YyaeT 3/IeKTPONOPAIVIO (IMEKTPUIECKMii MPoboit), KOTopast 3aBUCUT OT
KauecTBa ChIPbs U OT MapameTpoB 06pa6oTky OH, Takux Kak rpajueHT
HaIpsDKeHMs, YacToTa 1 Temmeparypa [3,4]. ABropel Gavahian u npyrue
[8] BcecTopoHHe ucCIeNOBaaM TEKCTYpHbIE CBOJCTBA IMIIEBBIX IPO-
IIyKTOB, IOJIBEP)KEHHBIX TEIVIOBOMY M HETEPMMYECKOMY BO3[I€/CTBUIO
OH. OpHako HeTepMuueckuii apdert 06paborku OH B OTHOIIEHUY MU-
KpPO- ¥ MaKpPOCTPYKTYpP MUILEBBIX MPOAYKTOB MPAKTUYECKN HE M3yUeH.
IetictBue OH mccienoBaHO BO MHOIMX MUINEBBIX MPOLIECCax, BKIOUAsT

racrepusainmio, o6xkapuMBaHue, BApKy, MPUTOTOBIEHME MUILM, CYIIKY,
CTEePUIN3AIMI0, OUUCTKY OT KOXKYPbl, MMKPOOMOIOTMYECKOEe MHTUOUPO-
BaHME U M3BJIeUeHNe Mon(eHO0I0B 1 aHTUOKCUIAHTOB. B mpombInuieH-
HOM TIPOM3BOJICTBE HempepbiBHas crepuamsauusi OH mcmonb3oBasach
II7IST BBICOKOBSI3KMX TUIIEBBIX IMPOLYKTOB C TAKUMM IIPEUMYIIEeCTBaMMI,
KaK TexXHM4eckass IMpOCTOTa, Oosiee BbICOKAsT IHEProahGheKTUBHOCTH
¥ HU3KME KalUTaJabHbIe 3aTPaThl M 3aTPAThl HA TEXHUUECKOe OBCTYsKI-
Banue [80,103]. duepromnorpebnenie OH 6b110 B 4,6—5,3 pasza HiKe, 4eM
rpu o6p1YHOM HarpeBaHuu [104]. YcoBepuieHcTBOBaHHbIe cucTemMbl OH
MMEIOT JIYULIYIO0 KOHCTPYKIIVIO YT KOHGUTYPALIMIO ST€KTPOAOB, 3hdek-
TUBHbIIT 06BEMHBII HATPEB MJIM BHICOKYIO CKOPOCTb HarpeBa Io CpaBHe-
HMIO C TPaJMULIMOHHON cucTeMoii [32]. BbIcTpblii HarpeB (Ao skelaemMoit
TEeMITepPaTyphl) COKpAIAeT BpeMsi 06paboTKy, MpeSoTBPaLIaeT CEHCOP-
Hble M3MEHEHMsI U TI03BOJISeT M36eaTh UPe3MEPHOr0 TepPMMUYEeCKOTro
MOBPEXAEHNST TeEPMOYYBCTBUTEIBHBIX KOMIIOHEHTOB. Kpome Toro, Tex-
Hosorust OH 17151 IpoLIeccOB OUMCTKYU TMUIIEBBIX MPOIYKTOB MOBBIIIAET
BBIXO/], [10 CPaBHEHMIO C TPAOVIIMOHHBIMY METOIaMy, TAKMMM KaK OUMCT-
Ka IIeJIoUbI0 M MapoM, KOTOpbIe CBSI3aHbl C OTXOJAMU, C BBICOKMM pH,
C Ype3MepPHBIM UCIIOIb30BaHMEM BOJIbI U €IKMX XMMMUKATOB.

HecMoTpst Ha Bce MpeuMYIIeCTBa, aBTOPbl HAYUHbIX MCCIeI0BaHMIL
BBICKA3a/IM PsIJi OTIACEHMII TI0 TOBOMY MPOMBIIUIEHHOTO MPUMEHEeHMS
metoga OH, BK/IoUasi KOppO3uI0 3JIEKTPOAOB U ee MOTeHIMaIbHOe He-
raTUBHOE BJIMSIHME Ha 3[I0POBbe MOTpeOUTeseil, BBICOKME KaIMUTaIOB-
JIOXKEHUSI, OTCYTCTBME TapaHTUil Ge30MacHOCTU sl 06CTYKMBAIOLIETO
repcoHasa ¥ HepaBHOMEPHbIV HarpeB HeKOTOPbIX MaTepUaaoB B Helpe-
pPBIBHOM pexkume Tpouecca. CormacHO faHHbIM aBTopoB Wang u Farid
[105], monst Ni 1 Cr mepeHOCSTCS € 37eKTPOJOB U3 HepXKaBelolei cra-
JIU B TIMIILY C MEHbIIel CKOPOCThIO, YeM MOHBI Fe, UTO MPUBOAUT K TOMY,
4TO KOHIeHTpauyyu noHoB Ni u Cr B IPUTOTOBIEHHO MUIIle HAXOASITCS
B 06e30macHOM IIpefiesie VCIIOMIb30BaHUSI MPU BO3AEMCTBUM BBICOKOUA-
CTOTHOJ MOIIHOCTY. ABTOPBI ITPUIIJIY K BBIBOAY, YTO ONTMMM3aLIMsI TTPO-
11ecca, a MMeHHO IpUMeHeHMe COOTBeTCTBYomIeli yacToThl (10 kI BMe-
cro 50 ')  moAXoASsImMX MeKTPOJOB MOXKET YMEHbBIIUTh XMMUYECKIe
u3MeHeHus1 B mponykre mpu obpaborke OH [105]. CremyeT OTMeTUTh
U IpyTHMe PO6IeMbl, KOTOPbIE CBSI3aHbI C BI3KOCTHIO, 37IEKTPOIPOBOIHO-
CThIO 1 06pa3oBaHyeM OTIOXKeHui. Kpome TOro, BO3MOKHOCTb YCUJIEH-
HOTO BbIIIeIauMBaHMS KJIETOYHBIX COCTABOB BO BpPEMSI HU3KOYAaCTOTHOTO
mpotiecca OH MOXeT ObITh HeKeIaTeTbHOM 1T HEKOTOPBIX ITPOAYKTOB
10 MMPUYMHE BO3MOXXHO IMOTePU MUTATETbHbBIX BEIIECTB.

4. 3aknouyeHne

ViccemoBaHus, IPOBEIEHHbBIE B TeueHue 6osiee IBYX AeCSITUIETHI, Ha-
MpaBJIeHbI Ha pa3paboTKy 3D PEeKTUBHBIX TEXHOIOT UL, TAPDAHTUPYIOLIX HE
TOJIbKO 6€30IaCHOCTD MUIIEBBIX TIPOAYKTOB, HO Y MOBBILIEHME UX KauecT-
Ba (YIyullleH)e BHeLIHero Bya, COXpaHeHye MUIIeBOii LIeHHOCTU U T. 1.),
yBeIMYEeHMEe CPOKa XPaHEHMs] ¥ CHMKeHMe IMPOM3BOICTBEHHbIX 3aTpar.
0630p HayuHbIX MMyOIMKALMI TTOKA3al, YTO MCCIEAOBAHMS TEXHOIOTUM
OMMYECKOT0 HarpeBa MOATBEPKAAIOT 3(GEKTUBHOCTb €€ UCIIONb30BaHMS
IS MTHAKTUBALIMM MUKPOOPTaHM3MOB U hepMEeHTOB, BO3/IEMCTBYIONIMX Ha
dbpykTHI ¥ OBOLIM. BhIMapuBaHue/KOHIEHTPUPOBaHMe, 06e3BOKMBaHIE/
cymika (ppyKTOBBIX COKOB MM TIOpe ¢ rmomoibio OH crioco6cTBoBasv 60-
Jiee BbICOKO#1 3HeproadpekTMBHOCTY 1 COKpAIeHNI0 BpeMeHM 06paboTKu
10 CPAaBHEHUIO C TPAAULIMOHHO TepMIUUECKOiT 06pabOTKOI Py coXpaHe-
HUU GUONOrMYECKM aKTUBHBIX COeqVIHEHMIA. Pe3yibTaThl HAYYHBIX MCCIIe-
noBaHumit nokasaau addexTrBHOCTh OH B KauecTBe rpegBapuTeabHO 06-
paboTKY Iepes MPoBeeHeM CYLIKY, KOHIIEHTPUPOBAHMS, SKCTPAKIIUN.
Kpome Toro, yueHbIMM JJOKa3aHa Lel1ecO06pa3HOCTb COYETAHUSI MEeTona
OMMUYECKOTO HarpeBa ¢ TePMUYECKUMU Y HETePMUUECKMMU TEXHOTOTHSI-
mu. Ctout OTMETUTD, UTO IJIs1 MaCH.[Ta6HOI‘O TIPOMBIIIJIEHHOI'O BHEAPEHMS
HeO0OXO01MO MPOBeIeHNe AaTbHeNIINX YITYOIeHHbIX MCCIeq0BaHuit pac-
TpefiesieH st TeMITepaTypbl BHYTPU MMIIEBbIX IIPOAYKTOB C Ie/Tbio 06ecre-
YeHUsI PABHOMEPHOCTH MX Harpesa.
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OPTIMIZATION OF PRODUCTION AND EVALUATION OF MICROBIAL KOJIC
ACID OBTAINED FROM SUGARCANE MOLASSES (SCM) BY ASPERGILLUS SP.

Dalia E. Mohamed, Ahmed M. Alian, Reda M. Mohamed
Food Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt

ABSTRACT

Kojic acid (KA) is an organic acid that is generated by various fungi, particularly by Aspergillus species, as a secondary metabo-
lite. The current study is aimed to determine the optimal conditions for the production of kojic acid from various fungal strains
grown on agro-industrial wastes. After testing six fungal strains for their suitability for kojic acid production, Aspergillus oryzae
(AUMC.64) and Aspergillus tamari (AUMC.43) were found to be the highest producers of KA. Three different agro-industrial wastes
were screened as a fermentation media and sugar cane molasses showed the highest productivity for (KA). Aspergillus oryzae
(AUMC.64), and Aspergillus tamari (AUMC.43) achieved the maximal production of kojic acid (25.91, 18.95+0.001 g. L-'respec-
tively) from sugarcane molasses (SCM) under optimum conditions of growth (10% solution of sugarcane molasses, pH 4.0 and
fermentation period of 10 days). Also, the antimicrobial activities of KA produced by A. oryzae AUMC64 and A. tamari AUMC43
against the selected test strains of microorganisms Staphylococcus aureus, Bacillus cereus, Escherichia coli, Salmonella typhimurium
were recorded. The maximum growth inhibition zone (20-13.2 mm) was observed on the cultures of Escherichia coli. Meanwhile
the antioxidant activities of KA produced by A. oryzae AUMC64 and A. tamari AUMC43 was 79.1 and 62.42%, respectively.
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OIITUMN3ALINUYA ITPOUN3BOACTBA U OIIEHKA MUKPOBHOI KOMEBOM
KUCJIOTBHI, ITOJIVUAEMOM U3 MATOKM CAXAPHOTI'O TPOCTHHUKA (IICT)
IIPU IITOMOII N TPUBKOBOW KVYJIBTYPHI ASPERGILLUS SP.
Moxamep 1. E., Anuan A. M., Moxamepn, P. M.

Ka(be;[pa HAayKM O NIUTAHUMU, CeIbCKOXO03S1/ICTBEHHbII (l)aKyJ'I])TET, KaI/IpCKI/Iﬁ YHUBEPCUTET, Fmsa, Eruner

K/IIOYEBBIE C/IOBA: AHHOTALI A
Kotiesas Kucnoma, KoiteBass kmciora (KK) mpencrasisier co60if OpraHMUYecKyl0 KMUCJIOTY, BbIpaGaThIBAEMYIO Ppas3JIMUYHbIMM TrpubKamu,
azponpomblul/ieHHble B 4aCTHOCTH, Bunamu Aspergillus, B kauecTBe BTOPUYHOTrO MeTabonuTa. Llenbio HaCTOSIIEro 1CCIeN0BaHus SIBISIETCS OIpe-

omxodbl, [leJIeHMe OTITUMAaJIbHbBIX YCIIOBUIA ITOTyU€HMST KOMEeBOIi KMCIOTHI 13 Pa3IMYHBIX LITAMMOB I'PMOKOB, BBIPAIIEHHBIX Ha OTXOZAX
(epmenmayus, arporpoMBIIIJIEHHOTO KOMIUIeKca. Ilocie TecTupoBaHMs IIECTU IITAMMOB I'PMOKOB Ha TpeIMeT UX MPUTOLHOCTU ISt
namoka, MPOM3BOJCTBA KOII€BO KUCJIOThI 661710 06HAPYKEHO, uTo Aspergillus oryzae (AUMC.64) u Aspergillus tamari (AUMC.43) siBisi-
Aspergillus sp., IOTCST caMbIMM BbICOKMMM mipomytieHTamu KK. B kauecTBe cpebl 151 hepMeHTanyy GbUTM UCIIBITAHbI TPU BUAA Pa3IUUHbBIX
aHmuoxkcuoaum, arporpoOMBIIIUIEHHBIX OTXOJOB, M3 HUX I1aTOKa CaxapHOTO TPOCTHMKA ITOKa3aja CaMyl0 BBICOKYIO MPOAYKTMBHOCTb ITO

anmubaxkmepuansHuiii  ipousBozncTBy KK. Bbuin mosmyueHsl KyabTypsl Aspergillus oryzae (AUMC.64) u Aspergillus tamari (AUMC.43), o6ecrieuuBIime
MaKCHMaJIbHbI 06beM MPOU3BOACTBA KOIeBoit KucioThl (25,91, 18,95+0,001 1/ COOTBETCTBEHHO) M3 ATOKM CaxapHOTO
TpocTHMKA ([ICT) B ONTMMAaAbHBIX YUIOBUSIX KyAbTUBUpOBaHMs (10% pacTBOP MaTOKM CaXapHOTO TPOCTHMKA), pH maToku
4,0, nepuop depmentanyu — 10 nHeit). Takke 6bula 3aMKCUPOBAHA aHTUMUKPOOHAs akKTMBHOCTh KK, mpomyIpyemMbix
A. oryzae AUMC64 n A. tamari AUMC43, B OTHOILIEHUY BBIGPAHHBIX TECT-IITAMMOB MUKPOOPTraHU3MOB Staphylococcus aureus,
Bacillus cereus, Escherichia coli, Salmonella typhimurium. MakcumabHasi 30Ha rofaByienus pocra (20-13,2 Mm) Habm0ga1aCh

Ha Ky/nbTypax Escherichia coli. Tlpu 3ToM aHTHOKCHIaHTHas akTuBHOCTH KK, mpomyumpyemoro rpubkamu A. oryzae AUMC64

u A. tamari AUMC43, coctaBuna 79,1 u 62,42% cOOTBETCTBEHHO.

1. Introduction

Sugars, fibers, proteins, and minerals are the main ingredients of the
goods of agricultural or animal origin that are produced by industrial pro-
cessing. These agro-industrial wastes are mostly composed of lignocel-
lulosic components, which include cellulose, hemicelluloses, and lignin
[1]. Low-cost agro-industrial sources such as whey, sugarcane bagasse,
maize steep liquor, wheat bran, soy bean meal, and others have been used
in place of synthetic nitrogen and carbohydrate sources [2]. To make such
wastes more palatable to microorganisms, they can undergo a range of
physical, chemical, and enzymatic processing [3].

Organic acids can be manufactured industrially with the use of fer-
mentative processes and variety of microorganisms. It is known that
some Aspergillus fungi produce high concentrations of several organic ac-
ids, including citric acid, gluconic acid, and so on. However, some organic
acids such as lactic acid, gibberellic acid, malic acid, and kojic acid are

FOR CITATION: Mohamed, D. E., Alian, A. M., Mohamed, R. M. (2024).
Optimization Production and Evaluation of Microbial kojic Acid from Sugar-
cane Molasses (SCM) by Aspergillus sp. Food Systems, 7(1), 71-76. https://doi.
org/10.21323/2618-9771-2024-7-1-71-76

formed in trace amounts [4]. These acids are very advantageous for scien-
tific, medical, and economic applications. In 1907, Saito used steamed rice
to produce Aspergillus oryzae and isolated the kojic acid from the mycelial
mat. Eventually, the rice was referred to as Koji, and the phrase Kojic acid
was first used in 1913 by a scientist by the name of Yabuta [5].

Numerous research had proposed using agro-industrial wastes or by-
products for the fungal production of beneficial products, the waste or
byproducts included cheese whey, sugar cane molasses, fruits, vegetables,
and maize steep liquor [3,6].

Kojic acid (5-hydroxy-2-hydroxymethylgamma-pyrone, or KA) is a sig-
nificant secondary metabolite that can be generated from carbohydrates
using a variety of carbon and nitrogen sources [7]. Using agricultural wastes
and aerobic fermentation techniques, this task can be accomplished. Kojic
acid is produced by Aspergillus species that are predominantly found in
the section of flavi, namely Aspergillus flavus, Aspergillus oryzae, Aspergillus

OJIA UUTUPOBAHU S : Moxamen, [I. E., Anuan, A. M., Moxamen, P. M. (2024).
OnTuMM3anys IPOU3BOICTBA U OLEHKA MUKPOOHOI KOeBOI KUCIOTHI, OTydyae-
MOJt 13 aToku caxapHoro TpoctHyuka ([ICT) mpy momoIyu rpubKoOBOi KyabTYphI
Aspergillus sp. Iuwessle cucmemst, 7(1), 71-76. https://doi.org/10.21323/2618-
9771-2024-7-1-71-76
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oryzae var effusus, Aspergillus tamari, and Aspergillus parasiticus, in addition
to Penicillium sp. and certain bacteria [3]. Kojic acid, which has a melting
point within the range of 151-154°C, crystallizes as colorless prismatic
needles in water when cooled by centrifugation [8].

According to Rasmey and Abdel-Kareem [9], it is more soluble in water,
ethanol, and ethyl acetate and less soluble in ether and chloroform. Kojic
acid has a wide range of applications in chemistry, medicine, food and
cosmetics, even though it has been on the market for 40 years, research
on the microbial production and application of kojic acid is still ongoing.
It also has antibacterial, anticoagulant and chelating properties [10]. The
main objectives of this work were to identify the Aspergillus species that
can manufacture kojic acid (KA) using glucose and agro-industrial waste
media, as well as to optimize the conditions of kojic acid synthesis.

2. Materials and methods
2.1. Materials

2.1.1. Microorganisms and chemicals

Aspergillus oryzae (AUMC.64), Aspergillus tamari (AUMC.43), Asper-
gillus niger (AUMC.42), Aspergillus fumigatus (AUMC.13602), Aspergillus
nidulans (AUMC .13902), and Aspergillus japonicas (AUMC.14380) used
in this work were obtained from Assiut University Moubasher Mycologi-
cal Centre (AUMMC, Assiut, Egypt). Organisms were cultivated on potato
dextrose agar slants (PDA) and kept at 4 °C.

The mold was inoculated on malt extract agar slants and incubated for
five days at 30°C in order to create spores. After incubation, the spores
were taken out and re-injected into 50 ml of saline solution containing
0.1% of tween 80. The spores (5 x 10® spores per ml!) were counted under
a microscope, stored at 4 °C, and utilized as a stock inoculum. The chemi-
cals were obtained from Sigma Chemical Company (St. Louis, Mo. USA).

2.1.2. Screening medium and culture conditions

The medium for kojic acid production consists of: (gl!) glucose, 100;
yeast extract, 5; KH,PO,, 1.5; and MgSO,, 0.5 combined at pH 4. 50 ml of
the synthetic medium was added to 250 ml Erlenmeyer flasks, which were
used to grow the experimental cultures. After being sterilized for 15 min-
utes at 121 °C, one milliliter of inoculum spore suspension (5 x 10® spores
per ml!') was added to the flasks after cooling. Then the cultures were
incubated for ten days at 28+2°C.

2.1.3. Agro-industrial wastes

Various samples of agro-industrial wastes sugarcane molasses (SCM)
were purchased from Sugars and Integrated Industries Egyptian Distilla-
tion Plants in Hawamdeia city, Giza, Egypt. Unsalted cheese whey as a by-
product precipitated from milk during the production of cheese samples
was kindly provided by the Dairy Department, Faculty of Agricultural-
Cairo University. Also, the potato washing water resulting from the man-
ufacture of chips was used in the fermentation process.

2.2. Methods

2.2.1. Screening of Aspergillus sp. for kojic acid production

The ability of the following fungal strains to produce kojic acid from
glucose as the only carbon source in a liquid synthetic medium under
aerobic conditions was tested: Aspergillus oryzae (AUMC.64), Aspergil-
lus tamari (AUMC.43), Aspergillus niger (AUMC.42), Aspergillus fumigatus
(AUMC.13602), Aspergillus nidulans (AUMC.13902), and Aspergillus ja-
ponicas (AUMC.14380) were tested. Since glucose is the most basic sugar,
it was utilized to screen for Aspergillus species that produce kojic acid [8].

2.2.2. Treatment of sugarcane molasses

Molasses from sugarcane was kept at 4°C. To create treated molas-
ses, the molasses was diluted 1:1 with distilled water, and concentrated
sulfuric acid was added to bring the diluted molasses’ pH to 4. After being
heated to approximately 80°C in a water bath for 1.5 hours, the molas-
ses was centrifuged for 10 minutes at 4,000 rpm to precipitate the sludge
while cooling. After filtering the treated molasses, the supernatant was
moved to the fermentation flasks [11].

2.2.3. Screening of agro-industrial wastes for kojic acid production
Processed sugar cane molasses, whey, and potato water were used as fer-
mentation media to produce kojic acid without adding any growth supple-
ments. The previous media were sterilized at 121 °C for 15 minutes, followed
by inoculation with tested Aspergillus strains and incubation at 28+2 °C for
10 days. The ability of each experiment to yield kojic acid was evaluated [12].

2.2.4. Chemical composition of agro-industrial wastes
The chemical composition of agro-industrial wastes (sugarcane
molasses, unsalted cheese whey, and potato water) were evaluated. Total
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carbohydrates were determined by the phenol sulfuric acid method [13].
Reducing the content of sugar was determined by DNSA method Utekar
et al. [14]. Protein was also estimated using the Bradford method [15].

2.2.5. Determination of kojic acid content

According to Bentley, the amount of formed kojic acid in the super-
natant culture was measured using a colorimetric technique with ferric
chloride (FeCl,) reagent. To prepare the reagent, one gram of FeCl,.6H,0
was dissolved in 100 milliliters of 0.1 N HCI. The functional groups of
the hydroxyl and pyrone rings in the samples react with the reagent to
produce a deep red color. A spectrophotometer was used to measure the
mixture’s absorbance at 500 nm. The kojic acid standard curve was used
to calculate the kojic acid equivalent [9].

2.2.6. Fast detection of kojic acid

Screening the kojic acid producer was done fast (qualitatively), and
the fungal-grown PDA plates were covered with a ferric chloride solution.
The appearance of a deep red color during this procedure indicates the
presence of kojic acid produced by the strain [10].

2.2.7. Fourier-transform infrared spectroscopy (FTIR)

For the further detection of the presence of kojic acid in extracted
crystals, a Fourier-transform infrared spectroscope (FTIR) was used. The
samples were analyzed on a Nicolet 380 FTIR using the KBr disk tech-
nique. Resolution was 4, and 16 scans were accumulated for each spec-
trum in a range of 500~4000 cm!, IR was used as a source and the detector
is DTGS KBr. NICOLET 380 FT-IR, Thermo Scientific, made in China [16].

2.2.8. High performance liquid chromatography (HPLC)

To determine the KA content HPLC, Smart line, Knauer, Germany, was
used, as well as a Kinetex XB-C18 Column (150 mm x4.6 mm (Phenomenex®,
USA)), operated at 40 °C. The injected volume was 20 ul in mobile phase of
0.1% acetic acid aqueous solution. Methanol 90:10 (v/v) Detection: VWD
detector set at 270 nm was used. VWD: Variable Wavelength Detector [17].

2.2.9. Determination of dry weight

After the fermentation period ended, the biomass was recovered by
filtering it through Whatman filter paper (No. 113), washed three times
with distilled water, and dried for an entire night at 70 °C to determine its
dry mass (DM) [18].

2.2.10. Optimization production conditions of kojic acid

from sugarcane molasses

The study examined the effects of varying cultivating conditions on
the biosynthesis of kojic acid, such as molasses concentration, initial pH
value, and incubation period. Kojic acid was assayed to determine the im-
pact of varying of the initial pH values (3.0, 4.0, 5.0, 6.0, and 7), varying
molasses concentrations (3 to 10% with a 1% interval) and varying fer-
mentation times (7 to 21 days) at the conclusion of each parameter [9].

2.2.11. Kojic acid extraction and crystallization

The process of extracting Kojic acid crystal involved filtering off the
culture media using Wattman filter paper No. 1. The remaining solution
was treated with ethyl acetate and refrigerated for 24 hours at 5 °C, caus-
ing the KA crystals to precipitate. The crystal was processed and dried at
80°C for an hour the following day [10].

2.2.12. Determination of kojic acid antibacterial activity

Kojic acid’s antimicrobial activity was assessed using the well diffusion
assay. Every 24 hour test strains of microorganisms with 1.0 x 107 CFU ml!
was spread plated in 0.1 ml volume on the plate count agar, PCA medium
(Oxoid, England). Subsequently, 50 ul of Kojic acid was added to each well.
The plates were then incubated for 24 hour at 37 °C, and the inhibition of
test strains of microorganisms was measured as the inhibition zone in
millimeters [19].

2.2.13. Determination of kojic acid antioxidant activity

The degree of KA antioxidant activity is its capacity to sca-
venge 1.1-diphenyl-2-picrylhydrazyl (DPPH). Radical scavenging
(%)=[(A0 - A1/A0)x 100] is the formula used by [20,21,22] to determine
the percentage of radical scavenging activity. The absorbance of the sam-
ple extracts is A1, and the absorbance in the control sample is A0 [23].

2.2.14. Statistical analysis

The XLSTAT software version 2014, 5.03 (Addinsoft, New York, NY, USA)
was used to analyze the experimental results using analysis of variance
(ANOVA) in three repeats. The results were expressed as the mean+standard
error of the mean. When calculating the significance of mean differences be-
tween samples, a p-value of less than 0.05 was deemed as significant.
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3. Results and discussion
3.1. Screening of Aspergillus sp. for kojic acid production

The ability of the Aspergillus species A. oryzae, A. tamari, A. niger,
A. fumigatus, A. nidulans, and A. japonicas, to produce kojic acid was
tested, and the results are recorded in the Table 1. The obtained re-
sults demonstrate that after ten days of cultivation, the various strains’
abilities to produce kojic acid varied. The highest kojic acid production
was recorded for A. oryzae AUMC64 (12.599 g. L) followed by A. tamari
AUMC43 (7.003 g. L), A. nidulans AUMC13902 (1.527 g. L'Y), A. fumiga-
tus AUMC13602 (0.694 g. L'), and A. japonicas AUMC14380 (0.276 g. L),
while the lowest value was for niger AUMC42 (0.115 g. L'!). Therefore,
A. oryzae AUMC64 and A. tamari AUMC43 were chosen for additional
testing (Table 1). The results show a high correlation (r=0.97) between
the two approaches when it comes to the relation between the qualita-
tive and quantitative methods. These results are consistent with those
of [9,11,24]. These variations in the biomass and kojic acid production
can be attributed to species differences or culture conditions. Aspergillus
oryzae was a great starting strain for the safe synthesis of kojic acid be-
cause it has been proven in several studies to have low pathogenicity and
to not produce aflatoxins or any other carcinogenic metabolites. Asper-
gillus species can produce the amylase enzyme, which hydrolyses starch
into simple sugars that can then be converted into kojic acid, according
to research by [25]. The type of fermentable sugars present in the culture
medium determines the amount of kojic acid being produced (g. L).

3.2. Chemical composition of agro-industrial waste

The chemical composition of agro-industrial wastes (sugarcane mo-
lasses, unsalted cheese whey, and potato water) was evaluated. Total con-
tent of carbohydrates was determined, and the results were as follows:
56.01, 12, and 20% for molasses, whey, and potato water, respectively.
Meanwhile, reduction sugar was found to be 24.90, 4, and 0.2% for molas-
ses, whey, and potato water, respectively. Protein content was also esti-
mated, and the results were as follows: 5, 2, and 0% for molasses, whey,
and potato water, respectively.

3.3. Screening of the agro-industrial waste for kojic acid production
Various samples of agro-industrial wastes (cheese whey, potato water,
and sugarcane molasses) were tested as a carbon source for the growth of
A. oryzae, and A. tamari and as a natural medium for kojic acid produc-
tion. The results are shown in the Table 2. The results indicated that the
highest productivity of kojic acid was obtained from SCM (14.28 g. L),
followed by cheese whey and potato water (5.34 g. L' and 0.55 g. L},

Table 1. Selection and screening of various Aspergillus sp.
for kojic acid production
Ta6bnuua 1. OT60p ¥ aHaIM3 pasaNIHbIX BUAOB Aspergillus sp.,
VICIIOJIb3YEeMBIX JJIsI IIPOU3BOACTBA KOVieBOW KMUC/IOThI

Strains Kojic ac(lg. gljlc;ductlon Re((rin i(:)ne
Aspergillus nidulans AUMC13902 1.527¢ £0.03 3.47¢+0.06
Aspergillus oryzae AUMC64 12.599:+0.06 4.972+0.05
Aspergillus fumigatus AUMC13602 0.694¢+0.02 2.134£0.05
Aspergillus japonicas AUMC14380 0.276¢+0.04 2.019+0.09
Aspergillus niger AUMC42 0.115£0.07 1.03¢£0.01
Aspergillus tamari AUMC43 7.003°+0.04 4.07°£0.06

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).

Table 2. Screening of the agro-industrial waste for kojic acid
production (g. L!) by A. oryzae and A. tamari
T86J'H/ILL£1 2. Ananus arpornpoMbINIIEHHBIX OTX040B, YCIIOJIb3yeMbIX IJIs1
NPOM3BOACTBA KOVieBoii KMcIoThI (8. L) mpu nomoiu A. oryzae ut A. tamari

Aspergillus oryzae Aspergillus tamari
AUMC64 AUMC43
Agro-industrial Koii d Koii d
waste ojic aci . ojic aci .
production Dr{ gwIt::_1§ht production Dr{ gwf_ll%ht
&L : &- LY :
Synthetic media ~ 12.59°+0.01 41.9°+#0.07 7.01°#0.06 38.3°+0.31
Potato water 0.55¢+0.03  7.99+0.49  0.66'+0.04  5.71+£0.42
Cheese whey 5.34°+0.02 24.9°£0.34 4.93°+0.03  25.0°+0.40
Sugarcane molasses 14.282+0.04 52.7°%£0.36 9.61°£0.06  50.32%£0.86

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).
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respectively). These results were in harmony with those previously ob-
tained by [3,11]. Egyptian SCM has detectable levels of several vitamins,
including riboflavin and thiamin, and roughly 52% total sugar (glucose,
sucrose, and fructose), as well as 0.46% total nitrogen. These substances
may encourage the synthesis of kojic acid in each type of molasses [12].

3.4. Optimization of kojic acid production in SCM media
by A. oryzae, and A. tamari

3.4.1. Effect of duration of fermentation period on kojic acid production
The effects of the duration of fermentation period on the production
of kojic acid from SCM by A. oryzae, and A. tamari were investigated. The
data presented in the Table 3 indicate that the production of kojic acid
increased gradually along with the duration of the incubation period,
reaching its maximum value (25.9 g. L) at 10 days before declining.
These outcomes corroborated those previously attained by [12,26]. Ac-
cording to Rasmey et al. [11], the mycelium’s breakdown of kojic acid in-
to oxalic and acetic acid when glucose levels are low may be the cause of
the decrease in kojic acid that occurs with longer period of incubation.

3.4.2. Effect of SCM concentrations on kojic acid production

The Table 4 presents the results of a test conducted to determine the
effect of SCM concentrations in the medium on the production of kojic acid
by A. oryzae and A. tamari. The outcome demonstrated that the production
of kojic acid increased as molasses sugar concentrations rose, peaking at
10% sugar content and being produced by A. oryzae, and A. tamari (25.9-
18.9 g. L'!). The production of the acid decreased as the concentration of
sugar molasses (15-20-25%) was increased further. Fermentation rates
decreased as a result of both decreased water activity and the beginning of
plasmolysis. Elevating the initial concentration of sugar led to a notewor-
thy rise in residual sugar content, potentially resulting from the microor-
ganisms’ incapacity to metabolize elevated sugar levels. It was found that
the osmotic pressure had a negative impact because the acid production
abruptly stopped. These outcomes concurred with the preliminary findings
of [11]. Once the fungal growth reached the stationary phase, the synthesis
of kojic acid ceased when the certain concentration of medium’s glucose
was reached. According to studies by [25,26], the synthesis of kojic acid was
impacted by an excessive concentration of carbon sources.

3.4.3. Effect of pH on production of kojic acid

The Table 5 presents the results of a study conducted to examine the
effect of the initial pH value in the molasses fermentation medium on
the production of kojic acid from SCM by A. oryzae, and A. tamari The

Table 3. Effect of various fermentation periods on yield of kojic
acid being produced from SCM by A. oryzae, and A. tamari
Tabnuua 3. BausHue pa3andHbIX nepuoaos depmeHTanuy Ha 06beM
KO¥ieBoJi KuciaoTel, momyuaemoii 3 IICT npu nomouu A. oryzae v A. tamari

Aspergillus oryzae AUMC64  Aspergillus tamari AUMC43

Days  ofuetion  Dryweight U Con Dy weight
(g. L_l) (g' L ) (g' Lfl) (g' L )

3 10.224£0.06 8.7¢£0.06 8.194+0.07 2.7¢£0.06
7 21.73°£0.09 22.47£0.01 15.37°£0.09 8.3f+£0.12
10 25.912£0.06 26.3°£0.06 18.04°+0.08 15.3¢+0.12
13 20.02¢£0.09 22.7£0.12 13.90¢+0.09 21.09+0.10
15 15.71¢£0.07 27.7°+0.06 10.70¢+0.06 25.7¢£0.06
18 13.20°+0.08 32.7°%£0.06 9.927+£0.05 36.3°£0.06
21 10.908+0.01 35.72%£0.06 7.048+0.08 42.32+0.06

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).

Table 4. Effect of various concentrations of sugarcane molasses on
the yield of kojic acid being produced by A. oryzae and A. tamari

Tabnuiia 4. BausiHue pasiMyHbIX KOHIIEHTPALMIA TATOKM CAaXapHOI0 TPOCTHUKA
Ha 00'beM KO¥ieBOJi KMCJIOTBI, ITI0JTy4aeMo¥i IIpy oMo1nu A. oryzae vi A. tamari

Aspergillus oryzae Aspergillus tamari
SCM AUMC64 AUMCA43

concentration%  Kojic acid . Kojic acid .

V/V) production Dry Wf_llght production Dry wf_l]ght
(g. L*l) (g' ) (g. L'l) (g‘ )

5% 16.70¢£0.01 14.2¢+0.1 10.90¢+0.01  12.7¢+0.38
10% 25.90°+0.05 26.3¢£0.12 18.91*#0.07 23.7¢+0.21
15% 23.13*+0.05 32.3°£0.16 17.92°+0.04 31.3+0.35
20% 17.59+0.06  45.3°£0.25 12.58*0.05 44.0°+0.26
25% 10.19°+0.05 52.7°+0.12  8.03°*0.07  53.7°%0.31

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).
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tested strains produced kojic acid at the best level at a pH of 4.0. Beyond
pH 4.0, kojic acid production started to decline. Based on the initial pH of
culture, the majority of research on how culture pH affects kojic acid pro-
duction and growth was done. A. oryzae, and A. tamari are two examples
of fungi that can produce kojic acid within the pH range of 3 to 7. High pH
had a major impact on the metabolism of fungi. The fungus’s metabolism
shifted to other pathways rather than producing kojic acid. Thus, a high
pH further decreased the yield of kojic acid [27]. At pH 4.0, A. oryzae and
A. tamari demonstrated the highest yield of crystals of kojic acid. The
growth of the fungus and the yield of kojic acid decreased as the pH of
the culture medium increased [10]. According to [9], the structure and
function of enzymes were influenced by the pH of the culture medium
because the enzymes are proteins with ionizable groups. Determining the
perfect pH is crucial because it has a significant impact on the best way to
produce the enzymes needed to obtain kojic acid.

3.5. Production of kojic acid in optimal conditions

According to this study, 10% concentration of SCM provided the best con-
ditions for the fermentation of A. oryzae AUMC64 and A. tamari AUMCA43,
which produce kojic acid. In perfect environmental conditions, the pH and
incubation period were 4.0 and 10 days, respectively. These outcomes are
exactly the same as those noted by multiple researchers [9,10,12,27].

3.6. Extraction and characterization of produced kojic acid

The process of extracting kojic acid crystals involved filtering culture
media using Wattman filter paper No. 1. As previously mentioned, the left
mycelial mass was also weighted according to the procedures to determine
wet and dry weight. After being treated with ethyl acetate, the remaining
solution was kept in a refrigerator at 5°C for a full day. The following day,
crystals of KA were visible at the beaker’s bottom. To o btain such crystals,
filtration was done, and they were then oven dried for one hour at 80°C [10].
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Table 5. Effect of various initial pH values on production of kojic
acid from SCM by A. Oryzae and A. tamari
Tabnuua 5. BausiHue pasIMYHbIX HAYaIbHbIX 3HaueHuit pH Ha 06beMm
Ko¥ieBoJi KMcI0ThI, nonyuaemoisi u3 IICT npu nomouu A. oryzae u A. tamari

Aspergillus oryzae AUMC64  Aspergillus tamari AUMC43

R by KIS by el
(g. LY 8. LY (g. LY (g-LY

3 19.65¢+0.05 15.7°+£0.04 14.30¢+0.04 16.0+0.30

4 25.912+0.05 26.82+0.25 18.952£0.09 23.72+0.50

5 21.65°+0.06 15.6°+0.05 15.91°+0.08 17.3°£0.15

6 18.12¢+0.07 11.5¢+0.31 11.214+0.01 13.3¢+0.15

7 15.04¢+0.05 7.99+0.26 8.31¢£0.06 8.34+0.06

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).

3.6.1. Infrared spectroscopy via Fourier-transform infrared
spectroscopy (FTIR)

The sample of kojic acid’s FTIR spectrum displays peak wave number
values peculiar for the functional groups that are comparable to those of
regular kojic acid (Figure 1). Functional groups 3270.8 cm!, 3179.43 cm'!
(OH), 2925.17 cm™!, 2854.05 cm! (aliphatic-CH), 1660.59 cm™! (cyclic-C=0),
1611.11 cm™ (C=C), 1472.61 cm (deformation of-CH2), 1074.04 cm
(cyclic C-0-C), 943.58 cm™, 863.66 cm!, and 775.65 cm™ (1, 4 o -disubstitut-
ed ring) are among the functional groups where the bands are present [17].

3.6.2. High performance liquid chromatography (HPLC)

The compound with the same retention time as the standard kojic acid
was found among the best HPLC results for A. oryzae (Figure 2). All the
experimental analysis (HPLC and FTIR) indicated that kojic acid was pro-
duced by both fungus [10].
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Figure 1. Peak wave number values of FTIR for standard kojic acid
PucyHok 1. 3HaueHMsI TUMKOBBIX BOJTHOBBIX uyices o NK-®ypbe crieKTpOCKONNHU y CTaHAAPTHOI KOJieBOi KUCIOTHI
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Figure 2. HPLC of kojic acid obtained from A. oryzae (A) and A. tamari (B)

Pucynok 2. B3JKX KoiieBo¥i KMCIOTbI, ITOTyYaeM

3.6.3. Antibacterial activity of kojic acid

The antimicrobial activities of KA produced by A. oryzae AUMC64 and
A. tamari AUMCA43 against the selected test strains of microorganisms
(Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Salmonella
typhimurium) was investigated. Our results are presented in the Table 6.
The maximum zone of inhibition (20-13.2 mm) was observed with the
cultures, Escherichia coli and Salmonella typhimurium, followed by Staphy-
lococcus aureus and Bacillus cereus (9.6-8.3 mm) for KA produced by
A. oryzae AUMC64. Such a result indicates that these organisms were
highly sensitive to antimicrobial compounds and kojic acid. These results
agreed with those previously obtained by [5,19].

Table 6. Antibacterial activities of kojic acid produced by A. oryzae
and A. tamari
Tabmuiia 6. AHTUGAKTepUA/IbHAsA AKTMBHOCTD KOMEBOI KUCIOTHI,
nosxyJyaeMosi pyu nomoiny A.oryzae i A. tamari

Kojic acid concentration Inhibition zone

Test strains (mg/ml) (mm)
of microorganisms A. oryzae A. tamari
0.5 1 2 0.5 1 2
S. aureus 2.5 6.6 9.6 1.6 4.5 7.1
B. cereus 1.8 6.1 8.3 1.1 3.8 6.4
E. coli 4.2 8.4 20 2.5 5.7 13.2
Sal. typhimurium 3.2 7.3 11.1 1.9 5.1 7.6

3.6.4. Antioxidant activity of kojic acid

The antioxidant activity of KA produced by two fungal strains was
tested by their scavenging effect on DPPH radicals under cultural condi-
tions, and the results are recorded in the Figure 3. The results indicated
that the antioxidant activity of KA extract produced by A. oryzae AUMC64
and A. tamari AUMC43 was 79.1 and 62.42%, respectively. These results
indicate that the antioxidant percentage is correlated with amounts of KA
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o1 mpy momo1um A. oryzae (A) u A. tamari (B)

in the culture medium. KA is a good chelator of transitional metal ions
and a good scavenger of the free radical DPPH. Moreover, KA has poten-
tial activity in depigmentation processes through chelating the copper
ion present in the active site of tyrosinase, which mediates the formation
of melanin from the amino acid tyrosine [28]. The potential antioxidant
activity of KA approves the benefits of its application in the food industry,
where it has been used in the post-harvest process as an anti-speck and
an anti-browning agent for the agricultural products [29].
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The experimental values (means for n=3) with small letter are significantly
different (P < 0.05).
Figure 3. Antioxidant activity of kojic acid produced
by A. oryzae and A. tamari
PucyHOK 3. AHTMOKCUAHTHAsI aKTUBHOCTb KOJ€BOJ KMCIOThI,
HoJTyyaeMovi npy nomouu A.oryzae i A.tamari

4. Conclusion

During the study of the possibility of utilizing some agro-industrial
wastes to produce microbial kojic acid using both A. oryzae and A. tamari,
the results demonstrated the possibility of using SCM as a fermentation
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medium and obtaining high level of kojic acid production compared to
the synthetic medium. Fermentation conditions were also controlled to
maximize the productivity. Some properties of kojic acid were studied,
such as its effect as an antioxidant and antibacterial substance, and the

results positively proved its ability to do this. In the future, we can con-
tinue to study the possibility of using waste for fermentation producing
biological compounds and running works to reduce the pollution result-
ing from these wastes on the path to sustainable development.
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VCCJIELOBAHMUE IMPOIIECCOB METABOJIN3MA CIIUPTOBBIX JIPOJKKXEM
ITPU CBPAJKUBAHUU TPEUYNITHO-KYKYPY3HOTO CYCJIA

Cepb6a E. M.,* KpioukoBa E. P., Pumapena JI. B., OBepuenko M. B., IrnatoBa H. U., [TaBienko C. B.

Bcepoccuiickuit HayYHO-MCCIeJOBATEIbCKUI MHCTUTYT MUIIEBOI 6MOTEXHOIOTUY — puamat
deepaabHOTO rOCYJapCTBEHHOTO GI0KETHOIO yUpeXXaeHust Hayku deepabHOTO MCCIeJOBATENbCKOTO LIEHTpa
MUTaHUS, OMOTEeXHOJOr MM 1 6e30macHoCTy nuinu, Mocksa, Poccust

K/IIOYEBBIE CJIOBA: AHHOTAL A

Open access

epeduxa, Hnst pacmnpeHmsa aCCOpTUMEeHTa KOHKypeHTOCHOCO6HbIX CIIMPTHBIX HAIIMTKOB, O6Ha,£la}OH.U/IX OPpUTMHAJIbHBIMM OpraHoJiern-
dlepMeHmauuﬂ, TUYECKMMU CBOCTBAMU, TMePCreKTUBHBI MCC/IeJOBAaHMSA O IPMMEHEHVN B TEXHOJIOTUSAX 3€PHOBBIX AUCTUJISATOB HOBBIX BUIOB
Opommu, 3MaHoJ, PACTUTEIbHOI'O ChIPbS. Lenp naHHO p3.6OTbI COCTOs1)Ia B YCTAHOBJIEHUN BJIMSTHUST 0COGEHHOCTel cocTaBa 3€pHOBOTO Cydia,
Mema60ﬂumb1, TMIPUTOTOBJJIEHHOT'O C COBMECTHBIM MCITIO/Ib30BaAHMEM aJIbTEPHATMBHOI'O CBIPbEBOI0 MCTOYHMKA — I'PeUMXN U MIMPOKO IMpuMe-

3epHo8ble OUCMUNISIMBL HIEMOJ B CIIMPTOBOM ITPOV3BOACTBE KyKYPy3bl, Ha IPOIECChl MeTabomm3Ma Aposxskeit Saccharomyces cerevisiae 985-T u criup-
TOBOTO GposkeHVs. O6GbeKTaMM MCCIeSOBaHNS CTYKMIM CIeAyIONIyie MPONYKThI M BellecTBa: 3epHO I'PEYNXy U KYKYpy3bl;
(bepmeHTHBIE ITperapaTbl — UCTOYHMKYM aMmiIa3, KCUIaHa3bl, B-III0KaHa3bl U MpoTeas; 06pasLibl 36pHOBOTO CycIa, 6PaskKyu
¥ OTTOHOB 6pakky. O60CHOBaHA IePCIEKTUBHOCTb BBEJEHMS B TEXHOJIOTMIO OPUTMHAIBHBIX CIIMPTHBIX HAITMTKOB CMeIIaH-
HBIX 3ePHOBBIX CpeJI, MTPUTOTOBIEHHBIX C VCIIOIb30BAHVEM HETPAAVUIIVIOHHOIO IPEUMIIHOTO ChIPbs. [IoKa3aHo, YTO MpuMe-
HeHJe TPeuMxM B KaueCTBe VICTOUYHMKA OGMOIIOTHOLIEHHOTO GesKa, He3aMeHMMbIX aMMHOKUCIOT M MUHepaIbHbIX BeleCcTB
COBMECTHO C KyKypy30ii, cofepskalleil BbICOKIII YPOBEHb Kpaxmaia ¥ Majoe KOIMYecTBO HeKpaxXMasbHbIX I10/1MCaXapuzioB,
CI0CO6CTBOBAJIO KaK YBEIMUEHUIO BBIXOJA CITUPTA, TAK ¥ M3MEHEHMIO KOIMUECTBEHHOTO COePKaHMst BTOPMYHBIX MeTabo/u-
TOB B COCTaBe JIETYYMX MpuMeceii. YCTaHOBIEHO, YTO MOBBIIIEH/e KOHLIEHTPaluM B Cycle PaCTBOPMMBIX YIJIEBOZIOB M CHU-
SKeHMe ero BsI3KocTM Ha 15,5-40,3% mpoucxoquim 3a cyeT BKIIOYEHMS B COCTaB 3ePHOBOJ CMecy KyKypy3bl, a oboralieHue
cyc/ia acCMMMUIMPYeMBbIM Iposokamy a3oToM Ha 19,0-41,8% B pesynbraTe qobasieHus rpeunxi. [1omo6paHo ONTUMaIbHOE
COOTHOIIIEHVEe KyKYypPy3bl ¥ TPeYuXy B COCTaBe 3ePHOBOI cMecu (7:3), MO3BOMMBILEE YAYUIIUTh OMOXMMMUYECKIE U TeXHOJIO-
ruyeckye okasaTeny 3epHOBOTO Cyc/a, MOBbICUTb 3P (PeKTMBHOCTD MPOIECCOB KU3HEESTeNIbHOCTY APOXOKEN 1 CIUPTOBOTO
6pokeHNsT, 06eCTIeUNTDb MOBbIIIEH)E BbIX0OAA criupTa Ha 1,8%, cokpaTUTh 06pa3oBaHie MOOOUYHBIX META6OIUTOB, OCOGEHHO
BBICUIMX CITMPTOB, ¥ MU3MEHUTDb UX COCTaB B CTOPOHY YBeIMUYEHMSI LOMU albAernioB 1 a¢upoB. Bcé nepeuncieHHOe MOXKeT
OKa3bIBaTh [TOJIOKUTEIbHOE BIMSIHYE Ha OpraHoIeNTYecKye Tloka3aTeny JUCTUUISITa.
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buckwheat, To expand the range of competitive alcoholic beverages with original organoleptic properties, it is promising to study the use
fermentation, yeast, of new types of plant raw materials in grain distillate technologies. The purpose of this work was to establish the influence of
ethanol, metabolites,  the characteristics of the composition of grain wort prepared with the joint use of an alternative raw material source — buck-
grain distillates wheat and corn, which is widely used in alcohol production, on the metabolic processes of the yeast Saccharomyces cerevisiae

985-T and alcoholic fermentation. The objects of the study were buckwheat and corn; enzyme preparations — sources of amy-
lases, xylanases, B-glucanases and proteases; samples of grain wort, mash and mash distillates. The prospects of introducing
mixed grain media prepared using non-traditional buckwheat raw materials into the technology of original alcoholic bever-
ages are substantiated. It was shown that the use of buckwheat as a source of biocomplete protein, essential amino acids and
minerals together with corn containing a high level of starch and a low level of non-starch polysaccharides contributed both
to an increase in the yield of alcohol and a change in the quantitative content of secondary metabolites in the composition
of volatile impurities. It was found that an increase in the concentration of soluble carbohydrates in the wort and a decrease
in its viscosity by 15.5-40.3% occurred due to the inclusion of corn in the composition of the grain mixture, and the enrich-
ment of the wort with nitrogen assimilated by yeast by 19.0-41.8% — as a result adding buckwheat. The optimal ratio of corn
and buckwheat in the composition of the grain mixture (7:3) was selected, which made it possible to improve the biochemical
and technological parameters of grain must, increase the efficiency of the vital processes of yeast and alcoholic fermentation,
ensure an increase in the yield of alcohol by 1.8%, reduce the formation of side metabolites, especially higher alcohols, and
change their composition in the direction of increasing the proportion of aldehydes and esters, which can have a positive ef-
fect on the organoleptic characteristics of the distillate.

FUNDING: The work was carried out at the expense of a subsidy for the implementation of the state task (subject No. FGMF-2022-0006).
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1. BBegeHue

B mocnenHmue rogpl akTVBHO IIPOBOISITCS MCCIeNOBAaHMS GMOTEXHO-
JIOTMYECKOro MOTeHIMala pacTUTENbHBIX KYJIbTYp MeCTHOV CeleKIuu
C 1e7bI0 HAYYHOTO 0G0CHOBAHMSI MIEPCIIEKTYBHOCTY UX UCIIONb30BaHMS
B TEXHOJIOTUSIX POM3BOZCTBA KOHKYPEHTOCITOCOOHDIX CIIMPTHBIX HATIUT-
KOB, 00/1aJal0LIX OPUTMHAIBHBIMM OPraHOMeNTUYeCKMMI CBOVICTBAMU
[1,2,3]. Oco6eHHO 9TO HaINpaBIeHWe UCCIeNOBAHMIA aKTYaIbHO JIJIS TIPO-
M3BOZACTBA HauboJee IMOMY/SIPHON B HACTOslee BpeMs MPOLYKIMM —
CIVPTHBIX OUCTUUISITOB, KAUeCTBO KOTOPBIX 3aBUCUT NPEXIe BCero OT
KauecTBa M COCTaBa ChIPbS U OT CTENIEeHM OMOKATAIUTUYECKOI KOHBEPCUY
€ro IMoaMMepoB IpU MONTYyYeHUM CycIa, a Takke OT GMOCUMHTETUYECKON
CIIOCOGHOCTY MCIIOJIb3YEMOJ Pachl JPOXOKEH M OT arrmapaTypHO-TEXHO-
JIOTMYECKMX O0COGeHHOCTelt mpouecca mucTwuisiuuu [1,3,4]. Bosmox-
HOCTb NPMMEHEeHMS] HOBbIX BUJIOB PaCTUTEIbHOTO ChIPbS KaK ajbTepHa-
TUBBI TPAJAMULIVIOHHBIM 3€pPHOBBIM KY/IbTypaM (MILIeHUIIA, POXKb, KyKypy3a,
SIYMEHb) 3aBVMCUT OT COCTaBa TEXHOJIOTMYECKM 3HAUMMBIX KOMIIOHEH-
TOB, @ TAKKe OT OMOXMMUYECKUX U OPTaHOIEeNTUYECKMUX XapaKTEePUCTUK
CBIPBSI, BAMSIIOLIMX Ha BKYC U apOMaT 3epHOBBIX JUCTVW/UISITOB 1 06ecIie-
yyBaiyx 3 dHeKTUBHYI0 KOHBEPCUIO YIVIEBOLOB B 3TaHOI [5,6].

Pe3ynbTaThl NPOBEIeHHBIX B MOC/IeHee BpeMs MCCIef0BaHMIi ITOKa-
311, YTO K TAKMM BUAAM ChIPbsI OTHOCSATCSI TPUTHKAIE (aMbUANTIIONT,
DK U TIIeHMLBI) [7], caxapHOe copro (3epHO M CUPOI 3eJIeHOJ Macchl)
[8] n TommHamGyp (3emisisiHast rpyiia) [9,10]. DTu pacTUTeNbHbIE KYJb-
Typbl JOCTaTOYHO LIMPOKO PAacCIpPOCTPAaHEHbl B Pa3AMYHBIX PeruMoHax
Poccuiickoit ®epepaiiuy, 061afgal0T XOPOIIeii YCTOMYMBOCTBIO K YCIO-
BMSIM BbIpAIVIBAHMS M BBICOKOV IIPOAYKTMBHOCTBIO. VIX MCIIONb30BaHNe
103BOJISIET TTIOATOTOBUTH CYC/IO C TpebyeMbIMM ITOKa3aTelsIMM KauecTsa,
06eCcreYnBamIMy BBICOKMIA BBIXOJ, CIIMPTA.

VI3BeCTHBI Takke pa3paboTKM POCCUMICKUX MCCaeoBaTeneit, Halpas-
JIeHHble Ha IpUMMeHeHJe BO3BPATHBIX OTXOZLOB XJIeGOoIeKapHOi Ipo-
MBIIIJIEHHOCT! B KayeCcTBe a/JbTepHATMBHOIO ChIPbS JJIs1 IPOM3BOACTBA
ouctwinsatos [11,12]. TlomydeHHbIe aBTOpaMy Pe3y/IbTaThl KOMITIEKCHBIX
uccIenoBaHuit TpaHchopMauy VMCXOZHOTO OMOXMMMUYECKOro COCTa-
Ba 3TOTO ChIPbS IO CTaAMSIM IMPOM3BOACTBA IMOKa3aaM BO3MOXKHOCTb Ha
JTarne JUCTWIISILMA ieJleHalpaBIeHHO PerylIupoBaTh COCTaB U KOHIIEH-
TPaLMIO JeTyYMX KOMIIOHEHTOB, OINpelensiolmnxX GU3nKo-XxumMmmuyeckme
VI OPraHOJICNITAYECKIE XaPAKTePYICTMUKY KOHEYHOIO MPOyKTa.

OpHaKo OCTAIOTCSl HEeNOCTaTOYHO M3YYeHHBIMM BOIPOCHI Mombopa
MepCIeKTUBHBIX BUIOB HETPAAMULVIOHHBIX PACTUTENbHBIX Ky/IbTYD, B CO-
CTaB KOTOPBIX BXOASAT apoMarobpasyiouiye ¥ OMOIOrMYecKy IeHHbIe
KOMIIOHEHTBI, CITIOCOGCTBYIOIME TTOYYEeHNIO OPUTHHATBHBIX aJIKOTOJb-
HBIX HAlIUTKOB 13 HaTyPaJbHOTO OTeYeCTBEHHOTO ChIpbs. [IpuBeeHHbIe
B MMyOIMKAVSIX JAaHHbIe TOKA3bIBAIOT, UTO ONpeeeHHbIi MHTepeC s
Ipou3BoauTeNell 6POIVIIbHOM IPOAYKUMM B 3TOM aclleKTe IpefCcTaB-
nsiet rpeunxa (Fagopyrum esculentum Moench) [13,14,15]. I'peunxa, Kak
U BCe TPaAMLVIOHHO NpPMMeHsieMble B TPOVU3BOACTBE CIIMPTHBIX HAINUT-
KOB 3epHOBbBI€ KyJIbTYPbI, COLEPKUT Kpaxmasl — IOIMMep, COCTOSIILIMIA 13
IIIOKO3bI, KOHBEPCUPYeMOli ApoxokaMy B 3TaHo [14,16,17]. [To konnue-
CTBY KpaxmaJla 3epHO I'peuyxy paKTUYecKy IPYPaBHUBAETCS K IIeHU-
1le ¥ P>, HO HeCKOJIBKO yCTyIaeT KyKypyse.

Besok rpeunxu OTMyaeTcss HU3KMM COflepskaHyeM INII0TeHa ¥ B OCHOB-
HOM IIpeJICTaB/IeH albOyMMUHOBBIMM U ITIOOYIMHOBBIMYU (DpakiysiMu, LOMSI
KOTOPbIX cocTaB/sieT nmopsaka 60—70%; maHHOe BelecTBo o6/amaeT 6oee
BBICOKOJ1 610/IOTMYeCKO [IEeHHOCTBIO 32 CUeT IOBBIIIEHHOTO KOIMYEeCTBa
He3aMeHMMBIX aMMHOKMUCIOT (TpunTodaHa, M307eiilHa, 1M3UHa, Me-
TUOHMHA U LIMCTUHA), HEOOXOAMMBIX JIJIsI JKU3HEAESTeTbHOCTU APOOKeN
[14,16,18]. B ominuMe OT 3JIaKOBBIX KyJIBTYp, TpeuMxa SIBiseTcs Oosee
60raThIM MCTOUHMKOM AHTMOKCHUAAHTOB M BUTAMWHOB, OCOGEHHO PYTU-
Ha, TMaMMHA, pubodaByHa M HMALMHA, & TaKKe MUHepaIbHbIX BellecTB
(maruusi, menu, hocdopa, mapraHiia, xenesa) [14,16,19]. Vicrionb3oBaHue
rpeurxy B MUILEBOJ MPOMBIIIJIEHHOCTM MO3BOJISIET He TOMbKO MOTyYaTh
6e3III0TeHOBYIO IPONYKIINIO, HO ¥ TPUIABATD €if PyHKIMOHAIbHbIE CBOJ-
crBa [18,19,20]. O6HapykeHHOe B rpeunxe BbICOKOe comepkaHue (iaBo-
HOUJZIOB, 0G/IAAIOIINX AHTMOKCUAAHTHBIMY, KalVJUISIPOYKPEIUISIOLIMMA,
rernaTonpoOTEeKTOPHBIMM M AHTMMMKPOOHBIMM CBOICTBAMMU, OIpPEAENseT
[ePCIeKTUBHOCTb ee NPUMEHeHMs] B KauecTBe MCTOUHMKA Ouonoruye-
CKM aKTVBHBIX BewecTB (BAB) [21,22]. [Ipy 3TOM aBTOPBI OTMEYAIOT, YTO
(YHKIMOHAIBHO- TEXHOIOTMYECKIEe CBOMCTBA TPEUHEBOI MyKM HAXOASTCS
B KOPPEJISIIMOHHOM 3aBMCHMOCTM OT CPOKa CO3peBaHusI 3epHa, a Hanbo-
Jiee BbICOKMIT ypOBeHb cofiepskaHmsi BAB nmpuxoanTcst Ha iepuof, MOJIOYHO-
BOCKOBOI criesiocTy [23].

B paboTax psiia aBTOPOB, MOCBSIIIEHHBIX MCCIETOBAHYUSIM BO3MOX-
HOCTM MPUMEHEHMS TPeUMXM B GPOIVIBHBIX TPOM3BOLCTBAX, IIOKA3aHO,
UTO TOJHAs M Jake 4aCTUYHas 3aMeHa TPagULVOHHOTO ChIPbS B IPO-
13BOLCTBe muBa [15,16], kBaca [24], depMeHTHPOBAHHOTO conofa [16]
Y OPUTMHAJIBHBIX HANUTKOB [14,17,25] 1o3BomisieT He TONBKO IONy4YaTh

1LIeJIeBYI0 MPOAYKIMIO XOPOIIEro KauecTBa, HO M MPUIaBaTh €ii HOBble
(byHKUMOHAbHBIE CBOJCTBA ¥ MPUSITHBIE CEHCOPHbIE XapaKTePUCTUKU.
ABTOpBI OTMEUAIOT, UTO MCIIOJb30BaHUE (PEePMEHTUPOBAHHON Ipeun-
XU B KaueCTBe KOMITOHEHTA MUTATEeNbHbBIX Cpel, I/l KyJIbTVBUPOBAHMS
IPOXOKEN M TPOOMOTHYECKUX OGaKTepuii MMeeT Psif MOJOXKUTETbHBIX
aCIeKTOB, TaKMX Kak 0ojiee BHICOKOE COoAepsKaHMe He3aMeHMMbIX aMMu-
HOKMCJIOT, TIONMUGEHOIOB U Apyrux BAB, crtoCOGCTBYIOMMX YCKOPEHUIO
poCcTa MUKPOOPTaHM3MOB U MOBBIIIEHMIO MHTEHCUBHOCTY GMOCUHTETH-
4YeCcKyXx Ipo1eccos [6,17,26].

AHanm3 pe3y/ibTaTOB UCC/IEAOBAHNI IPEUNXH, B COCTAB KOTOPOIi BXO-
[T HApsIoy C OCHOBHBIMM YIJIEBOAHBIMM M GENKOBBIMM TMOTMMEpPAMU
apoMaTruveckue ¥ 6MONOrMuecky 1eHHble KOMIIOHEHTHI, TIOATBEePKIaeT
IepCIeKTUBY ee IPUMeHeHMS 1Sl TTOyYeHVSI OPUTMHATBHBIX CIIMPTHBIX
HanmuTKoB. OCOGEHHO BaKHYIO POJIb B 3TOM IIpoliecce, MO-BUIMMOMY,
OGymyT UrpaTh MonMGEHONbI, IPUCYTCTBYIONIVE B TPeUYMXe U CIIOCOOHbBIe
Jla’ke B MaJIbIX KOHLIEHTPpaLMsIX BIMSATh Ha BKYC M apOMaT HAIUTKOB [6].
[Ipy 3TOM OCTAIOTCSI HEM3YUYEHHBIMU BOTIPOCHI O CIIOCO6aX palMOHab-
HOT'O JCIIONb30BAHMS 3TOV IEPCHEKTUBHOV PaCTUTENbHOV KYJIbTYpbI
B MPOU3BOJCTBE AUCTU/UIATOB, & TaKKe O METOLAxX MOATOTOBKM ChIPbSI
IUISI TIOJTyY€HUsT 36PHOBOTO CYC/Ia C KAUeCTBEHHBIMM OMOXMMUYECKUMU
M PeoIOTMYeCKMMU MoKa3aTessiMu, obecreynBammmMu ero ahdexTns-
HYI0 KOHBEPCHIO B 9TAHOJ U B ApyTiie apoMaTo6pasyole MeTaboInuTh.

Kaxk mokasanyu pesynabTaThl TOCTEJHUX UCCIeA0BaHU, B TPEUNIITHOM
IUCTUILISITE, TIO CPaBHEHUIO C AVICTU/UISITAMU U3 TPAOUILIMOHHOTO 3epPHO-
BOTO ChIPbsI, OTMeYAJICsT 60iee HU3KMIT YPOBEHb COIEePyKaHMs TOGOYHbBIX
JIETYYUX BEIIECTB, COMYTCTBYIOUIVMX CUHTE3y 3TAaHOJa, B OCHOBHOM 3a
CyUeT BBICHIMX CIUPTOB [17]. YCTAaHOBJIEHO, UTO B COCTaBe METabOMUTOB
MOBBIIIANACH JOJIST AMbIErUI0B U 3(UPOB, KOTOPble MOIYT OKa3blBaTh
BIIMSIHVE Ha TIOSIBJIEHME OPUTMHAIBHBIX OTTEHKOB ¥ TOHOB B apomatre
U BKyce OUCTU/IATOB. OQHAKO TaKOl BakKHbIN MOKa3aTeslb, KaK BBIXOT,
CrMpTa, ObII CYLIeCTBEHHO HIKE, YTO, IT0-BUIMMOMY, CBSI3aHO C BBICO-
KM COZIepP’KaHMEM B IpeUMxe HeKpaXMabHbIX MOIMCAXapPUIOB, 0COOEH-
HO kyeT4atku [14,16,17]. [ToBbleHMe 103MPOBKY (hepMeHTOB KCulaHa3-
HOTIO M [B-ITIIOKaHA3HOTO JEeVCTBUII OKa3ajo IOJIOKUTEIbHOE BIMSHME
Ha peoyioTMYecKyue M TeXHOJOrMyecKye CBOJICTBA I'DEUMIIHOrO Cycia:
BSI3KOCTh CHM3MJIACh B 2,3 pasa, TOBBICWIOCH COZepkaHue PacTBOPHU-
MbIX yITIeBOZIOB (Ha 15,3%) u amuHHOro asora (Ha 9,0%), HO JOCTUTHYTh
HOPMAaTMBHBIX [TOKa3aTesieii BhIXO/Ia LIeJIeBOTO MMPOIYyKTa — 3TAHOIA — He
yaanock [17]. Oco6eHHOCTY COCTaBa IPEUMIIIHOTO ChIPbsI TPEGYIOT Aalib-
Heifleit pa3paboTKM ClenyalbHbIX MOAXOJO0B M OMOTEXHOJOTUUECKIUX
MEeTOJI0B €ero repepaboTKy, TaK KaK OCHOBHOM L[€/IbI0 TPUMEHEeHMsT He-
TPaAUIMIOHHOTO ChIPbS B CMPTOBOM IIPOM3BO/ICTBE SIBJISIETCS] HE TOJNb-
KO TIOJTyYyeHMe OUCTWIISITA CO CrenubuUIecKMy OPraHOIeNTUYeCKUMI
CBOJICTBaMU, HO U JIOCTVKeHVe HOPMAaTMBHOIO YPOBHS BbIXOZA CIMpTa
C eIVHUIIBI KpaxMasia repepabaTbiBaeMoro ChIpbsl.

IMo-BuaumoMy, ONHMM M3 IIePCIIEeKTUBHBIX ITyTeli NIpUMeHeHus rpe-
YMXM TIPU TIPUTOTOBJIEHUY 3€PHOBOTO CyCJa SIBJISIETCSI COBMECTHOE ee
JICIIONb30BaHMe C TPAaAMIVIOHHOJ 3€pHOBOJ KyJIbTYpOJ, HampuMmep,
C KYKypy30ii. I3BeCTHO, UTO KyKypy3a OTJIMYaeTcss 6oiee BHICOKUM CO-
nepskaHueM Kpaxmasa u 6omee HU3KMM — KIeTYaTKY U IeMUILIeIII0N0-
3bl, @ IPeYMXa MPeBOCXOAUT KyKypy3y M0 KOIu4yecTBy 6enka B 3epHe [17].
[Ipu 3TOM GeJIKM Ipeunxy B OCHOBHOM ITpeZCTaBIeHbl (PpakumMsIMu ajb-
GYMMHOB ¥ IJIOGY/IMHOB, a 6eIKM KyKYpy3bl — QPaKIMIMU ITPOTaMUHOB
U ITIOTeNNHOB [13,14,16]. KonnuecTBO aMMHOKMCIIOT, COZlep>KallyX cepy,
B YaCTHOCTM IIPOJIMHA, B KYKypYy3€e HEeCKOJIbKO BbIIIe, YeM B rpeunxe, Ipu
9TOM B ee COCTaBe OTPaHUYEeHO COfepiKaHue He3aMeHMMbIX aMUHOKUC-
JI0T, 0CO6eHHO TpunTodaHa, MM3MHa 1 MeTroHuHa [14]. ITo cpaBHEHMIO
C TpeuMxoit KyKypysa COJepXXUT MeHbllle MUHepalbHbIX COeAVHEeHMUIA.
B 3T0i1 CBSI3U BBEIEHME TPEUMXM B COCTAB CPeIbI C KyKypy30il ITO3BOIUT
c6asaHCUpPOBaTh OMIOXMMUYECKHMIT COCTAB 3ePHOBOTO CYC/Ia II0 OCHOBHBIM
MaKpO- ¥ MUKPO-BeIllecTBaM, HeOOXOAMMbBIM [Jis1 06ecTieueHust JKu3He-
JleSITeTIbHOCTU JPOXOKEBBIX KiIeToK. [To3ToMy [anpHeliine ymccienoBa-
HUSI O TIPUMEHEHUM HEeTPaJULIMOHHOTO ChIPbSI TPEUMXU B CIIMPTOBOM
MPOM3BOACTBE JOKHbI GbITH HAIIPABJIEHBI HE TOIBKO HA MOTyYeHue Au-
CTW/UISITA CO CHenUpUUecKuMy OpraHoaenTUYecKMMy CBOCTBaMM, 06-
YCIIOBJIEHHBIMM OCOGEHHOCTSIMY 6MOXMMMUYECKOTO COCTAaBa ChIPhSI M ITPO-
IyKTaMu MeTabonuama Ipoxokeit S. cerevisiae, HO M Ha 060CHOBaHMe
BO3MOKHOCTY MTPUMEHEHMS TPEUMXY B TEXHOIOTUSIX 36 PHOBBIX TUCTUII-
JISITOB, B KOTOPBIX OTHMM M3 KJIIOUEBBIX (DAaKTOPOB SIBJISIETCSI TIOKA3ATENb
BBIXO/IA CIIUPTA.

Llenp maHHBIX MCCIENOBAHUI COCTOSIIA B M3yUYeHUM IIPOIECCOB Me-
Tabonusma gposxckeit Saccharomyces cerevisiae pacel 985-T u ciMpTOBO-
ro OpOKEHUST TP KYJIbTUBMPOBAHMM MX HA Cpeax, MPUTOTOBIEHHbBIX
C COBMECTHBIM MCIIOIb30BaHMEM aJbTE€PHATUBHOTO ChIPbEBOTO MCTOY-
HMKA — IPEYUXU U MIMPOKO MPUMEHSIEMO B CIIMPTOBOM ITPOU3BOICTBE
KYKYpY3Bbl.
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2. O6'BEKTHI ¥ METOABI

O0beKTaMy MCCIeJOBAaHMIA CIYKWIM CJIefyloliye COCTaBIISIIO-
mye: 3epHO IPeYMXy U KyKypy3bl, M3MebueHHbIe 10 pa3Mepa YacCTMUI]
40-120 MKM Npy MOMOIIM MYTbTUGYHKIMOHATBHON APOOMIKM «Bu-
murek VLM-6» (OO0 «Bummurek», Poccust); depmeHTHBIE TpemapaTsl
(PIT): UCTOYHMKY TEPMOCTAGWIBHOI o-ammiassl — «Heo3um AA 180»
(Hunan Hong Ying Xiang Biochemistry Industry Co., LTD, KHP), ritoko-
ammiasel — «Buosum 800L» (Shandong Longda Bio-products Co, KHP),
KCcuUIaHasbhl U B-mioKaHasbl — «Buckomasza 150L» (Shandong Longda
Bio-products Co., LTD, KHP) u mpoteas — «IIpotodepm FP» (Shandong
Longda Bio-products Co., LTD, KHP); nposksku Saccharomyces cerevisiae
pacel 985-T (c TepMOTONIEpaHTHBIMM M OCMO(WIbHBIMM CBOMCTBAMM)
17151 c6pakMBaHMsI 3epHOBOrO cycna [17].

OmnpeneneHue aKTUBHOCTU (epMeHTOB MPOBOIMUIN COIIACHO
CyLIeCTBYIOIMM MeToguKaM [17]. 3a egyHMUIY aMWIOIUTUUYECKON aK-
TuBHOCTU (AC) IPUMHUMAJIM TaKoe KOIMYeCcTBO GepMeHTa, KOTOPOe Ka-
Taau3upyeT TMAPonn3 1 T pacTBOPUMOTO Kpaxmasa J0 AeKCTPUHOB pas-
JIMYHOI MOJIEKY/ISIDHOM Macchl B cTaHAapTHBIX yenoBusix (30 °C, pH 6,0,
10 MmmH); 3a egMHUILY IMIOKOaMWIasHo akTMBHOCTU (IC) mpuHMManu
KO/MM4YecTBO (GepMeHTa, KaTaau3MPYIOLIero TUAPOAU3 Kpaxmana Ipu
30°C u pH 4,7 ¢ BbIcBOGOKIEeHVEM 3a 1 MUH 1 MKMOJTb IIIOKO3bI; 3@ €1~
HuIy KeytaHasHoi aktuBHocTH (KC) mpuHMMAIM KOIMYecTBO hepMeH-
Ta, IeVCTBYIOIIEro Ha KCUIaH U3 6epe3bl ¢ BBICBOOOKAeHEM 1 MKMOJISI
BOCCTaHAaBAMBAIOUIVX CaxXxapoB (B INIIOKO3HOM 3KBMBAJIEHTE), KOTOPbIE
obpasytorcst 3a 1 MuH B crangapTHbix yeiaoBusix (50 °C u pH 5,0); 3a egu-
HUITy 00Ieit mporeonuTnyeckoi aktuBHocTy (IIC) mpMHUMAaNM Takoe
KoyMuecTBo hepmeHTa, KOTOpOe 3a 1 muu ripu remnepatype 30 °C, pH 5,3
MIPUBOAMUT reMOIVIOONH B He ocaxkpaemoe TXY coCTosiHMEe B KOJMYECTBe,
COOTBETCTBYIOLEM 1 MKMOJIb TUPO3MHA.

IIpuroroBieHNe 3epHOBOIO CyCjIa MMPOBOAMIIN TI0 cXeMe (hepMeH-
TaTUBHO-TUAPOIUTHUECKOI 06paboOTKM 3epHa B Kojabax DpiieHMmeliepa
o6bemoM 750 cM?®, comepkalMX M3MeTbUeHHOE 3epHO M BOAY, MOMe-
LIEHHBIX B BOASHYIO 6aHi0 [19-4300 («dkpoc», Poccus). B BogHO-3€ep-
HOBYIO CYCIIEH3MIO (TMApPOMOAYIb 1:3) mo6GaBisiM TepMOCTaGMIbHYIO
o-amuiasy u BbiaepskuBany npu remieparype 40-60 °C B Teuenue 30
MuH. [lanpHeliliee MPUTOTOBJIEHNE 3aMeca OCYIIeCTBISUIM IIPU TeMIIepa-
type 85-90°C B Teuenne 120 MUH MIPU MEPUOAUUECKOM I€pPEMEIINBa-
Huu [17]. Janee comep>xumoe Konb oxmnasknanu no 58-60 °C u MHKyOK-
poBau B MpUCYTCTBMU (hepMeHTOB B TeueHue 60 MUH. [IJisl TIOTydeHMsI
3epPHOBOI0 CyC/Ia OcaxapyBaHMe Kpaxmasa U IMAPOoan3 HeKpaxMaabHbIX
ronvcaxapuaos ocyuiectsisy OI1: MCTOYHMKAMU TTTIOKOAMMIA3bI U Te-
MULETIONa3 (KCWIaHasbl M B-II0KaHasbl). i ruaponnu3a GeKoBbIX
BelecTB Mconb3oBamu OII, cogepskanmii KOMIUIEKC IPUOHBIX MIPOTeas.

IIpouecc 6MOKATATUTUNYECKOI KOHBEPCUM YIVIEBOIHBIX U GEIKO-
BBIX MIOJIMMEPOB B 3€PHOBOM CYCJI€ TECTMPOBAJIN 10 COAEPKAHMUIO OOIINX
¥ penynypyomyx semects (PB) komopuMeTpuueckM MeTOA0M, a TAIoKe
I10 YPOBHIO 06pa30BaHMsI aMUHHOTO a30Ta METOIOM /10JJOMeTPUUECKOTro
TuTpoBaHus [27,28]. BSI3KOCTb TOATOTOBJIEHHOTO K COPaskMBaHUIO Cy-
c1a u3mepsuin Ha Buckosumetpe SV-10 (SImoHwust). PacTBopuMble cyxue
BemectBa (PCB) cycna gukcuposanu Ha pedpakromerpe Rochet PAL-S
(ATAGO, SInonus). 3uauenye pH cycia usmepsuin Ha pH-meTpe/moHOMe-
tpe (Mettler-Toledo SevenCompact™, IlIBeitiiapust).

IIpouecc c6pa>kMBaHMS CYCIa, IPUTOTOBJIEHHOTO C MCIIOb30BaHM-
eM CMecU KyKypy3bl U TPeurxy B PasIMIHbIX COOTHOIIEHUSIX, TIPOBOAMIIN
B OIMHAKOBBIX aHa9POOHBIX YUIOBMSIX: ITpK Temriiepatype 30 °C AanTesb-
HocThI0 70 4. [I1st cOpaskvBaHMsI IPUMEHSUIM BOLHYIO CYCITeH3UIO KIeTOK
nposkskeit S. cerevisiae 985-T, KOTOPYIO BHOCKUIIV B 3€pHOBOE CYCJIO U3 pac-
yeta 10 MIH KiIeToK/cM® cyca.

CocTaB M cofepkaHMe JIETyYMX MeTaGoIMTOB, CUHTE3MPYeMbIX
IIPOSKKaMM, TECTMPOBAIN C MCIIOIb30BaHMEM Ta30BOr0 xpomarorpada

cepun HP Agilent 6890 (CIIA) [29]. KoHLleHTpanuio 3TaHoNIa B OGpak-
Ke OIpeneNsii Ha aHAJIM3aTOpe OTHOCUTEIbHOM IUIOTHOCTM CIIUpTa
Densimat-Alcomat 2 (Gibertini, Uanus).

CTaTUCTUYECKYI0 06PAaGOTKY HOBBIX 3KCIEPUMEHTANIbHBIX JaH-
HBIX, TIOJTyYeHHbIX HE MeHee YeM B TPeX MOBTOPHOCTSIX, OCYLIECTBIISIN
METOOM OJHOGMAKTOPHOTO AUCIEPCHOHHOTO aHaIM3a C arocTepuop-
HBIM aHaIM30M 10 Kputepuio Teioku mpu p < 0,05 ¢ ucroab30BaHUEM
rporpammsl Statistica 6.0.

3. PesynbTaThl M 06CYKAEHME

CpaBHUTeNbHbIE MCCAENOBAaHMS IIPOILIECCOB TeHepaluy IPOXoKei
Y CIIMPTOBOTO GPOSKEHMsI TPOBOAMIN Ha CPefaX, IPUrOTOBIEHHBIX C COB-
MECTHBIM MCITOJIb30BaHMEM aJIbTEPHATUBHOIO CbIPb€BOTO0 MCTOYHMUKA —
rpeuyyxy M MMUPOKO NPUMeHsIeMOJi B CIMPTOBOM ITPOMU3BOACTBE KYKYypYy-
3bI B Pa3/IMYHbBIX COOTHOLIEHUSIX.

Kak nokasanu pesynbTaThbl paHee NPOBeJEeHHbIX MccIeqoBanuii [17],
JI7IS1 IPUTOTOBJIEHNST KyKYPY3HOTO M TPEUMIITHOTO CyC/Ia ¢ KOHIIeHTpauy-
eii pacTBOpMMBIX cyxux Bemects (PCB) mopsinka 20% 6bu1M MCIIONMb30Ba-
Hbl hepmenTHbIe npenapathl (PIT) aMMUIONIUTHUECKOTO, KCMIIAHA3HOTO,
B-TII0KaHA3HOTO U MPOTEONUTUYECKOTO NeCTBUIL B TO3MPOBKaX, yKa-
3aHHbIX B Tabmuie 1.

Tabnuua 1. XapakTepucTUKa U 103UPOBKaA hepMeHTHBIX
MpenapaToB M0 YPOBHIO aKTMBHOCTU OCHOBHBIX (hepMeHTOB
Table 1. Characterization and doses of enzyme preparations
by the activity level of the main enzymes

Haumenosamme o = depmenr AKTMBHO(;TB, Ilosuposka ®II
en./cM
TepmocTa6uIbHAs N 0,6 en. AC/r
Heo3um AA 180 a-amunasa (AC) 1805,0£85,2 Kpaxmana

10,0 en. I'nC/r

Buosum 800L Kpaxmasna

I'mokoammiiasa (InC) 13203,0£632,0

0,6 en. KC/ cpipbst

Kcunanasa (KC) 0,1 e, B-TKC/ T

Buckosnasa 150L 6100,0294,3

f-rmoxanasa (B-T'kC) 1050,0%52,5 ChIPBSI
0,3en.IIC/ T
Tpotodepm FP Tporeassi (TIC) 820,0+39,2 ChIpbSI

HpuMeuaHue: 3HaUYeHMs ITpeiCTaBJIEHbI B BUae CpeLLHI/IXiCTaHJlapTHOG OTKJIO-
HeHue.

B Tabnuiie 2 mipeicTaBIeHbl SKCIIEpPYMEHTAIbHbIE JaHHbIE 110 OGMOXM-
MMUYECKOMY COCTaBy M PEOJOrMYecKMUM I1OKa3aTelsiM 3ePHOBOTO CyCia,
TIPUTOTOBJIEHHOTO C MCIIONb30BaHMEM CMeCU KYKypPy3bl ¥ TPeUMXM B pa3-
JIMYHBIX COOTHOLIEHMSIX. BBe[leHe rpeunxy B COCTaB 3epPHOBOI cMecHu
MO3BOJINJIO TTIOBBICUTD COAEpykKaHMe aMMHHOTro a3oTa Ha 19,0-41,8% B 3a-
BUCMMOCTHU OT ee J0JeBOTO COfepskaHMsl, a MCIO0Nb30BaHMe KYKYpYy3bl
CIIO0COGCTBOBAIIO YBEJIMUEHMIO KouecTBa o61mx (OPB) 1 pacTBOPMMBIX
(PB) penyuupyrommx yrieBoAo0B, a TakkKe CHIDKeHMIO BSI3KOCTY Cyc/la Ha
15,5-40,3% (Tabmuua 2).

[lanpHerime ucCIefoBaHMsl IOKa3aay, YTO KayeCTBO 3€PHOBOTO
cyciia, IPUTOTOBJIEHHOTO C MCIIO/Ib30BaHMeM Pa3/IMUHbIX 36 PHOBBIX KOM-
MO3ULMIA, CKa3aJIoCh Ha Ipolieccax reHepauuy IPOXCKe U CIIMPTOBOTO
6pokenus (Pucynok 2, Ta6bnuia 3). HauGonee BbICOKast KOHLIEHTPALIMSI
TPOXOKEBBIX KmeToK (159 MitH/cM®) oTMeueHa uepes 24 4 mpu cOpaku-
BaHMM CyCJIa, IPUTOTOBIEHHOTO TIOJTHOCTBIO V3 IPEUMIIHOTO ChIPbS; 10
Mepe COKpallleHMs IO TPeunxiu B COCTaBe Cycjia UX KOIUUYECTBO CHU-
3Kaso0Ch. [Ipy 5TOM Ha rpeuMIuIHOM Cyciie yke K 12 4 KOIMYeCTBO KIeTOK
IoCcTUIIO 125 MITH/CM3, B TO BpeMsI KaK Ha KYKypy3HOM CyCJie — TOJIbKO

Ta6muua 2. XapakTepycTUKa 3ePHOBOTO CYCJIa, IPUTOTOBIEHHOTO C VICIIOIb30BaHNEM KYKYPYy3bl U IPeUYnxu
Table 2. Characterization of grain wort prepared with the use of corn and buckwheat

CocrasB 3epHa Ci’;‘;ﬁﬁgﬁge
[o)
B cyene, % B CBIpbe % pH PCB, %

I'peunxa — 100 54,5+1,6* 6,18 19,8+0,9°
Tpewixa — 70 57,742,3% 6,10 20,4+0,9%
Kykypysa — 30

I'peurixa — 50 b b
Kykypy3a — 50 59,5%1,5 6,03 21,2%1,0
T'peunxa — 30 be b
Kykypy3a — 70 61,922 6,04 22,4%1,0
Kykypysa — 100 65,0+2,0¢ 5,80 22,5+1,0°

Iloka3aTenu 3epHOBOrO cyc/ia

PB, % OPB, % AMMHHM;Z Bs3kocTb,
a3oT, Mr % Mmlla-cex

15,8+07¢ 20,5%0,6° 59,7+2,8° 28,3+1,3
16,5+0,7% 20,9+0,42 54,3+2 6% 23,9+1,1°
16,7+0,7® 21,3+0,8° 51,1+2,4° 21,8+1,2°
17,3+0,8" 21,8%0,5° 45,6*1,9 16,9+0,8
17,5+0,8" 22,0+0,9° 38,3+1,8 15,3%0,7

Hpumel{aHue: 3HAYeHMs IpencTaB/IeHbl B BUOE Cpe,ELHI/IXiCTaHILapTHOE OTKJIOHeHMe. Pa3nuuye 3HaueHUl B KaKIOM CTOII6LL€, 0603HaYEHHBIX OAVMHAKOBbBIMU

6yKBeHHbIM]/I MHAEeKCaMM, CTATUCTUYECKM He 3HAaYMMO Mpu p < 0,05
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69 mutH/cm® (PucyHok 1). TIo-BuamMmMomy, 1enecoo6pasHo MpoBOIUTS Tre-
HepalMIo POXOKeBbIX KIETOK Ha TPeUMIIHOM Cycile, CoflepKalleM Hau-
6oJiee BBICOKOE KOJIMYECTBO JIETKO acCUMIIMPYEMOTO aMMHHOTO a30Ta
(59,7 Mr%).

AHanmu3 mporiecca reHepanyuu IPOXKeil MOATBepAII, YTO Haluuue
B rpeunxe 6M0JIOrMYecKy IOJTHOLIEHHOTO 6esika U JPYruxX 6MOIOoruueck
aKTUBHBIX KOMITOHEHTOB CIIOCOOCTBOBANIO MHTEHCU(DUKAIMM Pa3BUTHSI
IpoxKedt S. cerevisiae; maxke Ha cpefie, B COCTaBe KOTOPOi comepskaHue
IPeYUXU COCTaBUIIO TONMBKO 30% OT 06'beMa 3€pHOBOII CMeCH, KOJTMYECTBO
KJIETOK YBeJIMYIMIOCh Ha 25% (PucyHoK 1).

IToka3aHo, YTO IMOBBILIEHME KOHLIEHTPALUM B CyC/le PacTBOPUMBIX
YIJIEBOOB U CHVKEHME ero BS3KOCTM 33 CYeT BKITIOUEHMS B COCTaB 3ep-
HOBOJT CMecH KyKypy3bl CIT0cO6CTBOBaMM 3hPeKTUBHOMY COpaKMBaAHUIO
Y YBEIMUYEHNIO KOHI[EHTPAIMM 9TaHoJIa B 6pakke. YCTaHOBJIEHO, UTO MPU
cOpakMBaHUM CyC/Ia, B COCTaBe KOTOPOT'O [OJIsT Tpeunxu cocTasisia 30%
OT 0O6IIero ComepskaHusi ChIpbsi, ObUIM OOCTUTHYTHI IPAKTUUECKN TaKue
Ke MoKa3aTenu OPaKKM, KaK U Mpu COpaskMBaHUM KYKYPY3HOTO Cyc/a.
[Tpu aTOM BBIXO[, CTIMPTA cOCTaBUI 66,3 cm3/100 r KpaxmMaia, UTo MPeBbI-
cuio Ha 1,8% mokasaTesnu B KOHTPOJIBHOM BapuaHTe MO COpaXMBaHUIO
rpeuninHoro cycia (Tabnuua 3).

Kax n3BecTHO, 1eTyuyre KOMIIOHEHTbI, 06pa3yIoLyecs B JUCTUIISITAX,
BJIMSIIOT HA KAYeCTBO CIIMPTHBIX HAITUTKOB, GOPMUPYS UX BKYC U apOMaT
[29,30]. [ToaToMy MHTEepPECHO GbIJIO YCTAHOBUTH, KAKOE BAMSIHME OKA3bI-
BaeT JCIIOJIb3yeMOe HeTPAIMUIIVIOHHOE ChIPbe, B YaCTHOCTY I'peunxa, co-
JepsKalasi JOCTaTOYHO BbICOKOE KOMMYECTBO ()IaBOHOM[OB, HA CUMHTE3
MO6OYHBIX METabOIUTOB Aposiskamu S. cerevisiae 985-T (Tabnuiia 4).

B pesynbraTe MccieoBaHNi BBISIBIEHO, UTO MCIIONTb30BaHe TPeUNXI
MIPUBEJIO K CHVDKEHUIO YPOBHST 06pa30BaHMsI TOG0YHBIX METaO0IUTOB Ha

KonuuecTBo KI€TOK, MTH/CM3
e e

0 O N B O

o O O o O O

I
I I
b
60 I
40
20
0

12 4 pocra 24 4 pocta

M1 — rpeunxa (100%)
2 — rpeunxa : Kykypysa (7 :3)
13 — rpeunxa :kykypy3sa (1:1)

4 — rpeunxa : Kykypysa (3:7)

5 — kykypysa (100%)
Ipumeuanue: paznuuyie 3HAUEHWU, 0003HAYEHHBIX OJVMHAKOBBIMU GYKBEH-
HBIMM VHJ,eKCaMy Ha KaXKIOi Ayuarpamme, CTaTHCTUYECKY He JOCTOBEPHO
mpu p < 0,05.

Pucynoxk 1. KoHueHTpaims KIeToK gposxokeii S. cerevisiae 985-T
IIpU reHepanyy Ha Cycjie, IPUroTOBIEHHOM C MICII0/Ib30BaHMeM
rpeuyuxy U KyKypyssl (B TedeHue 12 u 24 4 pocra)

Figure 1. Concentration of cells of the yeast S. cerevisiae 985-T upon

generation on wort prepared with the use of buckwheat and corn
(during 12 and 24 h of growth)

Ta6nuia 3. TexHOXMMMUYECKME TToKa3aTean GpakKm
Table 3. Technochemical indicators of mash

CocraB 3epHa

IToxkasaTeny 3epHOBOI Gpaskku Ha 70 4 GPOKEHMST

Beixop ciupra,
c¢m?*/100 r yCI0BHOTO

B cycre, % pH PB, % OPB, % Co,r Crmpr, % 06. Kpaxmaa
T'peurxa — 100 4,95 0,40%0,02° 0,45+0,02° 13,1£0,52 9,95+0,20° 65,1£0,39
I'peunxa — 70 a a b ab ab
Kyxypysa — 50 4,86 0,39+0,02 0,43+0,02 14,9+0,60 10,50%0,26 65,3+0,52
I'pewirxa — 50 4,78 0,37+0,01° 0,41+0,02 16,3£0,65% 11,10%0,32° 65,90,32%
Kykypysa — 50
Tpemnxa — 30 4,62 0,30+0,01° 0,34+0,01° 16,8+0,67¢ 11,90+0,18¢ 66,3%0,46
Kyxypysa — 70
Kykypysa — 100 4,32 0,29+0,01° 0,34+0,01° 16,9£0,70° 12,10£0,30° 66,4£0,37°

Hpumewanue: S3HAYeHMs IMpeacTaB/IeHbl B BUe CpE,ZLHI/IXiCTaHILapTHOQ OTKJIOHeHMe. Pa3nuuye 3HaueHUIi B KaKIOM CTOJ'I6LL€, 0603HaYEHHBIX OAVHAKOBbIMU

OGYKBEHHBIMY MHIEKCAMU, CTATUCTUYECKY He 3HauuMo mpu p < 0,05.

Ta6muua 4. OGpa3oBaHue JIETyYMX MeTaGoIUTOB Apoxokamu S. cerevisiae 985-T B 3aBUCHMMOCTY OT COIEPKaAHUS IPEUNXN
B COCTaBe COpakMBaeMoro cycjia
Table 4. Production of volatile metabolites by the yeast S. cerevisiae 985-T depending on the buckwheat content in the composition of fermented wort

KoHueHTpanuss MeTa60/JIMTOB B OTTOHAaX OPaskKu, Mr/am?

C?“ng::;gr;:::(e ConepykaHye rpeunxu B COCTaBe 3€PHOBOIO ChIPbSI CYCIa,%
100 70 50 30 0
aueTajbIerus 80,13+3,20 72,37+2,17 65,10£2,28 59,09+2,95 32,20+1,22
areToH 1,12£0,04 1,56%0,07 2,09+0,10? 2,10%0,112 2,10£0,112
STUIALeTaT 74,80+3,30? 71,54+3 52 66,20+3,28b¢ 62,51+2,64¢ 53,00+2,10
MeTaHo1, % 06 0,003£0,00012 0,004£0,0001 0,003+0,00012 0,003+0,00012 0,003+0,00012
2-TIIPOTIAHOT 0,26+0,0 122 0,25+0,0122 0,15+0,007° 0,22+0,009 0,16+0,006°
M300yTHIaLeTaT 0,15+0,006° 0,16+0,005* 0,26+0,009 0,29+0,011° 0,29+0,012°
1-nponiaHon 58,15+1,74* 69,92+2,10° 86,77%3,56 67,46+3,20 56,20%2,26°
1306yTaHOI 92,10+4,24? 95,60+4,30% 97,25+4,67%® 101,20£4,45%® 105,40+5,17°
1-6yraHon 0,70+0,03* 0,75+0,03* 0,86+0,05* 1,60+0,08° 1,60£0,09°
M30aMWION 275,00+10.45° 310,30+11,482 384,40+11,53 431,80+21,45 512,60+22,53
1-meHTaHON 0,60+0,02 1,02£0,05 0,36+0,01* 0,40+0,01* 0,80+0,04
9TUIIAKTAT 0,50+0,02? 0,60+0,03 0,50+0,022 0,40+0,02 0,50+0,022
TeKCaHOI 0,95+0,03° 0,92+0,05° 1,27+0,06° 1,40+0,08° 1,70+0,09
GeH3anbIerny 9,30+0,38* 9,40+0,48* 23,02+1,04° 28,50+1,14 25,30+1,01°
6eH3aJIKOr0JTb 0,30%0,012 0,34%0,022 0,32%0,022 0,40%0,02 0,50+0,03
dbennnsTanoN 35,25+1,412 36,37+1,73* 39,48+1,37* 47,07+2,16° 51,90+2,33"
STUIIKANpaT 60,20+2,83%¢ 59,60+1,972 57,50+2,182 56,53+2,20% 50,04+1,75
HUtoro 689,51 730,70 825,53 860,97 894,29

Tpumeuanue: 3HaYEHUST TIPENCTABIEHbl B BUE CPEIHUX *CTaHAAPTHOE OTKJIOHEeHMe. Pasinume 3HaUeHUIt B KaXIOli CTPOKe, 0003HAUEHHBIX OJMHAKOBBIMU
GYKBEHHBIMM MHEKCaMMU, CTATUCTUYECKM He 3HAaUMMO Tpu p < 0,05.
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23% 110 CpaBHEHMIO C aHAJIOTMUYHBIMY ITOKA3aTesSIMU B OTTOHE KYKypy3-
HO¥1 6paskku. [Ipy 3TOM MMOKA3aHO, YTO KOHIIEHTPAIVS COIMYTCTBYIOLINX
CMHTe3y 3TaHOJa JIETyYMX MeTa60oINTOB M3MeHsIach B 3aBYCUMOCTH OT
cozepskaHusI rpeunxu B copaxkuaemom cycie (Tabnuia 4).

CpaBHUTENbHBI aHaNIM3 COCTaBa METabOINTOB, CMHTE3MPOBAHHBIX
nposkskamu S. cerevisiae 985-T, Tiokasasl, YTO 3TV U3MEHEHMUs MTPOVCXO-
MM B OCHOBHOM 3a CUeT CHMKEHUSI CUHTe3a BBICUIMX cUpToB (Pucy-
HOK 2). IIpy 3TOM yCTaHOBIJIEHO, YTO C yBeIMYEeHMeM KOINYeCTBEHHOIO
cozlepskaHMsI IPeYMXM B COCTaBe COPakMBaeMOro Cycja ITOBBIIIANIACH
KOHLIEHTPAIVIS a/bIerngoB 1 3QMpoB, KOTOPbIe MOTYT OKa3bIBaTh CyIIe-
CTBEHHOE BIMsIHMe Ha GOpMMPOBaHME CJIOKHOTO OyKeTa HaIlMUTKa U CII0-
COGCTBOBATH MOSIBIEHNIO OPUTMHAIBHBIX OTTEHKOB M TOHOB B apoMaTe
U BKyCe OUCTMILISTOB [5,6,17]. OcOGeHHO B COCTaBe JIeTyYMX MpumMecei
OTIOHA KYKYPY3HO-I'DEUMIIHOM GPakKy IOBBICMIIOCH COIep)KaHue arle-
Tajabaeruaa (6onee ueM B 2 pasa) u sTuialerara (Ha 36%) (Tabnuia 4).
Kpome TOro, HeCKOIbKO M3MEeHMIACh KOHIIEHTPAIMsl KOMIIOHEHTa SHaH-
TOBOTO 3¢¥Wpa, MPenCTaBIeHHOIO B BUe ITMIKAIpaTa.

IMomyueHHbIe pe3yabTaTbhl NOATBEPANUIN NEPCIEKTUBHOCTb MCIIONb-
30BaHMS TPeUMXM B KauecTBe HEeTPAJAMLMOHHOIO ChIPbS B TEXHOJIOTM-
SIX OPUTUMHAJIbHBIX 3€PHOBBIX OVCTUJIATOB. BblHBJIeHO, 4YTO 3HAYMMbIM
akTopoMm, BAMSIOUIMM KaK Ha MPOLeCcChl reHepauyy JPosksKei 1 crmp-
TOBOTO GPOXKEHMs, TaK M HA 06pa3oBaHMe LEHHBbIX apOMAaTO6Pa3yIoIX
JIETYYUX KOMIIOHEHTOB, SIBJISIETCSI COOTHOILEHVE I'DeUMXM U KyKypy3bl
B COCTaBe 3epHOBOro cycia. [Iomo6paHo ONTMMaJbHOE COOTHOIIEHVe
KYKYpYy3bl ¥ Tpeurxy B 3epHOBOI cMecy (7:3), TO3BONMBILEe YIYYLIUTh
GMOXMMMYECKVIe U TeXHOJOTMYeCcKye IOKa3aTesly 3ePHOBOTO Cycia,
MOBBICUTb 3(PPEKTUBHOCTb MPOLIECCOB JKUBHEHESITETbHOCTU JIPOXOKEN
Y CIIMPTOBOTO GPOSKEHMS.

4. BpIBOJBI

B pesynbTare uccieqoBaHmnii 060CHOBAaHA Y 9KCIIEPUMEHTATBHO MO -
TBepKIeHa BO3MOXKHOCTb MIPUMEHEHMUSI IPeUMXy B TeXHOJIOTUSIX 3€pHO-
BBIX IUCTWIISITOB, B KOTOPBIX OJHUM M3 KTIOUEBBIX (DAKTOPOB SIBJISIETCS
YpOBeHb BbIXOJ|a CIIUPTA.

ITokaszaHo, YTO TpK pa3paboTKe 3ePHOBBIX KOMIIO3UIMIA IS TIONTY-
YeHMsI CIIUPTOBBIX AUCTUIUISITOB 11€J1eC006pa3sHO IIPUMEHEHIMEe IPeunxu
B KaueCcTBe MCTOYHMKA GMOMOJIHOLEHHOIrO 0ejKa, He3aMEeHMMbIX aMM-
HOKMCIIOT, (IaBOHOMAOB M MMHEPATbHbIX BEILIeCTB COBMECTHO C KyKY-
pY30i1, coepskalleit BbICOKMIT ypOBeHb KpaxMasia M HU3KOe KOIMUYecT-
BO HeKpaxXMa/bHBIX ITOJMCAXapyua0B. YCTAHOBJIEHO, YTO OCOOEHHOCTH
6MOXMMUYECKOTO COCTaBa MCCIENYEMBIX KyIbTYp (TPEUMXU U KYKYPY3bI)
OKa3bIBAIOT BIMSIHIE HAa KaUeCTBeHHbIe TI0Ka3aTes I 3€pHOBOTO Cycia, Ha
MTPOIIECChI TeHEePALIY APOSKKEN 1 CITMPTOBOTO OposkeHMst. [Ipu aTOM rpe-
yyxa 06oramaer Cycyio aCCUMMIMPYEMbIM IPOXKKaMM a30TOM, a KYKypy-
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Ipumeuanue: pasnudne 3HaUEHUI, 0003HAUEHHBIX OMMHAKOBbIMI GYKBEH-
HBIMM MHZIEKCAMY Ha Kask[o¥i AyuarpamMmme, CTATUCTUUYECKM He TOCTOBEPHO
mpu p < 0,05.

PucyHok 2. CocTaB JIETyYUX MeTaG0IUTOB, CHUHTE3MPOBAHHBIX
apoxxkamu S. cerevisiae 985-T B pesynbTaTe COpaKMBaAHUS
3€pPHOBOroO CycCja, comepikaliero pasjimiHbie KoJinyecrsa
rpeunxu
Figure 2. Composition of volatile metabolites synthesized by the yeast
S. cerevisiae 985-T as a result of fermentation of grain wort containing
various quantities of buckwheat

3a CIIOCOGCTBYET ITOBBILIEHNMIO KOHLIEHTPAIVM COPasKVBaeMBIX YIJIEBOIOB
M YIy4IlIeHMIO PeOosIOTMYecKuX MoKasaTeseii.

Pa3pa6oTaHHasi 3epHOBasi KOMIIO3ULIMSI (ONTUMalIbHOE COOTHOLIEHNE
KyKYpY3bl U I'DEUMXM COCTaBUJIO 7:3) MO3BOMMIA YIYyYIIUTh GUOXUMM-
yeckye ¥ TeXHOIOruyeckye IoKasaTeay 3epHOBOrO Cycia, 06ecreYnThb
HOpMaTMBHbBIE MTOKa3aTenu GPaskku, MHTeHCU(DULIMPOBATH MPOIIeCC re-
Hepauuy APOKeit, MOBBICUTD BBIXOJ, CIIMPTA, COKPATUTb 0Opa3oBaHue
IM06OYHBIX MeTab0INTOB M MU3MEHUTH X COCTaB B CTOPOHY YBEIVUEHMS
JIOTIV abIeruioB U 3UPoB, UTO MOKET OKa3bIBaTh BIMSHME HA apOMAT
Y aHAJIMTMYECKVIe [TOKa3aTeNnu AUCTWIIATA. B nanpHelinieM MOryT GbITh
pa3paboTaHbl COMPTHBIE HAMMUTKHU, 00JaJaiolNMe CBOEOOPasHbIMMU OT-
TeHKaMM U TOHaMM B UX apoMaTe U BKycCe, UTO GyIeT CII0COGCTBOBATH
pacuIMpeHNIo acCCOPTUMEHTA OTeueCTBEHHO MPONYKIIVIMN.

CIIMICOK COKPAIIIEHUN: AC — aMuIoniTideckast akTMBHOCTD; [1C —
II0KOaMWIa3Hast akTMBHOCTb; KC — KemmaHasHasi akTMBHOCTD; B-TkC —
[B-miokaHa3Hast akTUBHOCTD; I1C — mpoTeonuTryeckas akTMBHOCTb; PB —
penyuypylomye BemectBa; OPB — o6luye pemylupyloliye BelecTsa;
PCB — pactBopuMble cyxue BemectBa; @I — dbepMeHTHbI ITpenapar.
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HIGH NUTRITIONAL VALUE INSTANT FLAKES PRODUCED
FROM VARIOUS CEREAL GRAINS

Wafaa K. Galal, Reham S. Abd El-Salam*, Asmaa M. Marie*
Crops Technology Research Department, Food Technology Research Institute, Agricultural Research Center, Giza, Egypt

Original scientific article
Open access

KEY WORDS: ABSTRACT
whole grains, The current study was carried out to prepare functional flakes from various cereals and to assess the nutritional value of
cereal flakes, breakfast cereal flakes and their sensory acceptability. Oat, soft wheat and durum wheat, barley (hull-less and hulled), triticale,

sensory evaluation,
physicochemical
characteristics,
functional properties

millet and sorghum grains have been used. Physicochemical, functional, phytochemical properties and sensory evaluation
were determined. The developed cereal flakes have high nutritional value and are high in dietary fiber. Concerning the overall
acceptability of flakes, durum wheat, hull-less barley and triticale were more preferred than the other samples. Meanwhile,
hulled barley and millet flakes showed the lowest scores compared with other flake samples due to the lowest score of their
appearance and color. Triticale, durum wheat and hulled barley turned to be good alternatives for oat to prepare flakes of
high-quality characteristics, as they have high protein (13.46, 11.92 and 11.67%, respectively) and ash contents along with
low content of fat and low calories. In terms of nutritional quality, the results indicated that oat flakes were higher in Mg and
P content, durum wheat flakes showed higher content of Mn, triticale had the highest content of K and Ca, and millet had the
highest content of Zn and Fe. Triticale flakes showed significantly higher content of dietary fiber and water absorption index
at room and hot temperatures when compared with other flakes. While comparing total phenolic content, the millet and bar-
ley flakes showed the highest values. Additionally, most flake samples had significantly higher values of antioxidant activity
compared to oat flakes used as control samples.
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yenbHoe 3epHo, Hacrosimas ctaThsl MOCBSILEHa MCCTeNOBaHNIO QYHKIMOHAIBHBIX X/IOIbEB ISl 3aBTPaka U3 Pa3HBIX 3ePHOBBIX [JIs1 OLIEHKU
371aK08ble XJI0NbSl, MX MATATENIbHOI LIEHHOCTY Y YYBCTBEHHOTO BOCIIPUHSTHUS. BbUIM UCIIONB30BaHbl COPTA OBCA, MSITKOI IIIEHWUIIBI Y TBEPAO
opz2aHonenmuueckast  TIIEHUIbI AyPyM, copTa siuMeHs (6e3 LIeTyxu ¥ C LIeayXoit), TpUTUKae, IIpoco 1 copro 3epHa. [IpoBeneHbl MCCIeL0BaAHMUS
oyeHKa, (GU3MKO-XMMUYECKMX XapaKTePUCTUK, GYHKUMOHANBHBIX, GUTOXMMIYECKMX CBOJCTB M IPOBEIEHa OpPraHONENTHIeCcKast
usuko-xumuueckue  oleHKa. XJIOIbs [JIsl 3aBTPAKa MMEIOT BHICOKYIO IUTATEIbHYIO EHHOCTb U BBICOKOE COfIEPYKAHME NVEeTUYECKO KIeTUaTKu.
Xapakmepucmuxu, VccmenoBaHust TOKa3auiy, YTo IIIEHNLIA, STIMeHb 63 IIeTyXu, TPUTHKAE, KaK ChIpbe AJIS1 M3TOTOBIEHMS XJIONbeB 0Ka3aIiCh
(yHKYUOHANbHBLIE 6oJtee MpenoYTUTETbHBIMY, UeM JIPyTYe 3JIaKU. B TO 5ke BpeMsi XJIOTIbsI U3 STYMEHsI U IIPOca, TOKa3alIu caMble HU3KYE OlleH-
ceoticmea KM TI0 CPaBHEHMIO C JPYTMMU 06pa3LiaMi XJIOMbsI M3-3a HU3KUX [TOKa3aTeseil BHEIIHero B1aa U nBerta. TpUTKKaie, TBepast

IMIIeHNIA AYPYM U STYMeHb SIBJISIOTCS XOpOolIeii albTepHaTUBOM OBCY [JIS1 IPUTOTOBJIEHMSI BLICOKOKQYeCTBEHHbBIX X/IOIbEB,
TTOCKOJIbKY OHU MMEIOT BbICOKOE cozepskaHue 6enka (13,46, 11,92 1 11,67% cOOTBETCTBEHHO) U COZleP>KaHMsI 30/1bl, B TO BPEMSI
Kak coziepykaHye JXupa 60ree HI3KOe, TAKKe KaK 11 KalopyuifHOCTh. C TOYKY 3peHNs KauecTBa IIUTaHYsI, Pe3y/IbTaThl TOKa3al,
YTO OBCSIHbIE XJIOIbSI OT/INYAINCH O0Jee BHICOKMM conepskaHueM Mg u P, X/101bst 13 TBepAOi MILEHUIIBI JyPYM OTINYaTNCh
60os1ee BBICOKVM CofepykaHyueM Mn, y XJIOIIbeB 13 TPUTHMKaIe GbUIO caMoe BbICOKoe comepkanme K v Ca, a MpoCsiHbIe XJIOIbsI
MMeJM CaMblil BBICOKMIT YpOBeHb cofepykanus Zn u Fe. XJI0Tbsl U3 TPUTMKAJIE NTOKA3a/IM 3HAYUTETbHO O0Jiee BBICOKOe Cozep-
>KaHMe IMeTUYeCKMX BOTIOKOH M BOZIOIIOIVIONeHNSI IIPY KOMHATHOJ ¥ TOBBILIEHHO} TeMIlepaType 110 CpaBHEHMIO C APYTMMU
obpasuamu. CpaBHMBAs obliee cogepskaHKe deHosa, clefyeT OTMETUTD, YTO XJIOMbsI M3 COPTOB IIpoca U SUMeHs [10Ka3aIn
camble BbICOKMe 3HaYeHMsI. Kpome Toro, 60/1bIIMHCTBO 06pa31ioB MMey 3HAUUTeIbHO BbICOKME 3HAUeHNST aHTUOKCUIAHTHOM
aKTMBHOCTY 110 CPaBHEHMIO C OBCSIHBIMY XJIOIIBSIMY, MCIIONb3YeMbIMM B KaUeCTBe KOHTPOIBHOTO 06pasiia.

1. Introduction achieve and keep a healthful body mass index [3]. Generally, cereal grains

Cereal products cover about half of the daily calorie intake of humans
worldwide, ranging from 25 to 55% in several European countries and
some developing countries, respectively [1]. Recently, breakfast cereals
have become considered one of the staples in the human diet [2]. They
are common food products made of whole grain cereals. Cereal grains
have nourished humanity since their domestication thousands of years
ago and they continue to be the most important food source for human
consumption.

Whole grain food consumption has received considerable attention for
its health benefits. It is a main factor that maintains a healthy lifestyle to
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nutritional value instant flakes produced from various cereal grains. Food Systems,
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are the most substantial source of energy in the human diet, as they have
high contents of carbohydrates (70-80%), proteins (7.5-15%), and min-
erals (1.5-3%), and low content of fat (1-4%) [4,5]. They are rich sources
of vitamins (E and B), minerals (in particular zinc, highly available iron,
copper, manganese, phosphorus, potassium, calcium and magnesium),
carbohydrates, fats, protein and phytochemicals. Whole grains of cereals
and pseudo-cereals contain various dietary fiber profiles such as arabi-
noxylan, f$-glucan and fructan. These help to reduce the risk of obesity,
diabetes of type-2, heart and cardiovascular diseases, certain types of
cancer and other health concerns [6,7].

O UUTUPOBAHUNS: Tanan, B. K., A6x, dap-Canam, P. C., Mapu, A. M.
(2024). Bpicokasi muIeBasl IIEHHOCTb TOTOBBIX XJIOTIbEB, MPOM3BEAEHHBIX U3
pa3IMYHBIX 371aK0B. [Tuujessie cucmemel, 7(1),84-90. https://doi.org/10.21323/2618-
9771-2024-7-1-84-90
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Wheat, triticale, sorghum and corn have a high content of arabinox-
ylan, whereas oat, barley, and triticale feature functional properties due to
high f3-glucan level [8,9]. From a nutritional point of view, triticale grains
are more nutritionally valuable than other cereals such as wheat, due to
their high essential amino acid content [10]. Furthermore, soluble dietary
fiber such as that found in oats and barley, slows carbohydrate absorption
and suppresses rising of blood sugar and regulates insulin response [11].
According to the modern science of nutrition, food is not only a source
of energy but also a complex of biologically active matters that regulate
the different functions of the human body. There is increased demand
for functional foods as a main source of external antioxidants [12]. Millet
and sorghum contain a wide variety of phenols and possess antioxidant
activity [13,14]. Millet grains have a high potential as a gluten-free food
for human consumption, as well they have a high content of dietary fiber
and essential amino acids [15].

Whole grains can be consumed as intact, cracked, ground, flaked,
or processed kernels after the removal of inedible parts [16]. Thus, the
processing is an important task to enhance the bioavailability of nutri-
ents and sensory properties and to decrease the content of antinutrients
[17,18]. Additionally, quick and easy-to-prepare whole grain foods would
help people increase their consumption of these foods. Ready-to-eat ce-
reals are produced by various technological processes such as cooking,
drying, shaping, flavoring, and enrichment with micronutrients [19].

Globally, oat flakes are the most common commercial oat products [20].
They can be classified according to the processing technology into rolled
oats, steel-cut oats (Irish oats), instant oats and quick oats [21]. Part of con-
sumers prefer to use traditional flakes for not only making porridge but also
for consuming them with milk or yogurt. Traditional cereal flakes are pro-
duced by steam treatment up to definite moisture content and then flaking.
Various techniques are developed for flake production technology to pro-
duce high-quality food products. These techniques could influence the bulk
density and sensory properties of products [22]. Ready-to-cook foods based
on nutritious grains such as millet, sorghum and triticale would be more
reasonable in the modern times in the management of lifestyle disorders.

Owing to the high nutritional value and versatile health benefits of
various cereals, this study has been carried out to develop functional
cereal flakes as alternatives for oat. Various local whole grains (wheat,
barley, triticale, millet and sorghum) have been used to produce the ce-
real flakes samples. The produced flakes from various cereal grains were
compared with commercial oat flakes and the differences in the physi-
cochemical and functional properties, nutrient composition and sensory
characteristics between the flakes were evaluated.

2. Materials and methods

Various cereal grains: soft wheat (Triticum aestivum L. Misr-3 variety),
durum wheat (Triticum durum L. Sohag-3 variety), hull-less barley (Hor-
deum vulgare. Giza-129 variety), hulled barley (Giza-123 variety), triticale
(Triticosecale, Balady variety), millet (Cenchrus americanus, Shandawel-1
variety), and white sorghum (Sorghum bicolor, Giza-10 variety) were ob-
tained from the Field Crops Research Institute, Agricultural Research
Center, Giza, Egypt. Naked oat grains (Avena sativa) and commercial
ready-to-eat rolled oat flakes as a control sample obtained from a local
market (Harraz).

The weight of 1,000 kernels in grams was determined by weighing 100
kernels in triplicate and then extrapolating this weight to 1,000 kernels.
Test weight (hectoliter) of different cereal grains was carried out accord-
ing to the method of AACC (2010) [23].

Cereal flakes were produced simply, as shown in Figure 1, from vari-
ous cereal grains after being cleaned and washed with water. Flakes were
manufactured according to the method of Takhellambam et al. [24] with
some modifications. Processing technology includes soaking for 8 h,
cooking (for 20-40 min at 80 °C), and then flattening to flake shape be-
tween two spinning rollers (at a roll clearance of 0.6 mm) using a simple
rolling pasta machine (Pastadrive, Atlants, China). The produced flakes
were air dried for 4-6 h at 45 °C, then packed in polyethylene bags and
stored in the refrigerator till further analysis.

The produced flake samples mixed with warm milk were evaluated, us-
ing a nine-points hedonic scale, by ten members of the Food Technology
Research Institute, Agricultural Research Center, Giza, Egypt [25]. They
were asked to score the various flakes by general appearance, color, odor,
taste, mouth feel and overall food acceptability. All samples were coded
and presented in a randomized arrangement.

The colorimetric measurements were measured in triplicate using a
colorimeter (Konica Minolta Chroma Meter CR-400, Japan) according to
McGurie [26]. The color values were recorded as: L' =lightness (0=black,
100=white), a"=greenness- redness (—a’=greenness, +a'=redness) and
b"=blueness- yellowness (-b"=blueness, +b"=yellowness).

iticale - Millet
Figure 1. A photograph of the produced flakes from various

cereal grains
PuicyHoK 1. @oTorpadus x/ionses, MPOM3BEIEHHBIX U3 Pa3INYHbBIX 3/IAKOB

Bulk density (specific mass) of flake samples was determined accord-
ing to the method of Akaaimo and Raji [27] as a ratio of the mass of the
flake sample to its volume occupied as shown in the following formula.

. Flakes weight (g)
Bulk density (g/ml) = 1
Flakes volume (ml)

The true density of the flakes was measured according to the method
of Mwithiga and Sifuna [28] using the toluene displacement method. It
is calculated as a ratio of the flakes weight to the volume of toluene dis-
placement using the following formula:

Flakes weight (g)
Rise in toluene level (ml)

True density (g/ml) = 2)

Water activity (a ) was determined using LabStart-aw (Novasina, Swit-
zerland) equipment. The a  values were ranged from 0 to 1 for a com-
pletely dehydrated food and for pure water, respectively.

Room temperature water absorption index (RTWAI) of cereal flakes
was determined according to the developed method for cereals [29].
Twenty grams of flakes were weighed (W1) in a 250 ml beaker and 150 ml
of distilled water was added. The beaker was kept in a water bath at 25 °C
for 20 min. The samples were filtered, weighed (W2), and then calculated
according to the following equation:

RTWAI (%)=[(W, - W,)/ W,]x 100 3)

High temperature water absorption index (HTWAI) of different cereals
flakes were examined according to the method of Hu et al. [21]. Twenty
grams of flakes (W) were placed in a 250 ml centrifuge tube, 150 ml of
distilled water was added, and kept in a water bath at 80°C for 10 min.
After that, the slurry was centrifuged at 3,000 rpm for 15 min, and the
precipitate was collected and weighed (W,) and then calculated according
to the following equation:

HTWAI (%) =(W,/ W,)x 100 ()

Rehydration ratio was calculated according to Huang et al. [30]. Two
grams of each flake sample were rehydrated in (20 ml) distilled water in
a water bath at constant temperature and was agitated at constant speed.
The samples were taken out from the bath after 10 min and weight. The
rehydration ratio was defined as the ratio of the weight of rehydrated sam-
ples to the dry weight of the samples. The rehydration ratio was calculated
using the weight of samples before and after rehydration as follow:

W,-W,

2

Rehydration ratio = 5)
1
W, is the initial weight of the flake samples and W2 is the final weight of the
flakes.

Chemical parameters (moisture, crude protein, fat, ash, crude fiber
and carbohydrates) of various cereal grains and produced flake samples
were determined according to the methods outlined in AOAC [31]. The
values obtained for fat, protein, and carbohydrate contents were used to
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calculate the food energy or calorific value of the cereal flake samples
according to the AOAC methods [31]. It was expressed as the following
equation:

Calorific value (kcal/100 g)=(Fatx9) + (Protein x4) +
+ (Carbohydrates x4) 6)

The total dietary fiber (TDF) content was determined in the all stud-
ied flake samples according to AOAC [31]. Duplicate samples are processed
which enabled subtraction of protein and ash for TDF content calculation.

The minerals content of different flake samples were determined
by using the flame photometer (Galienkamp, FGA 330, England) and
Perkin Elmer Atomic Absorption Spectrophotometer (Model 80, Eng-
land) as described in AOAC [31] for magnesium, potassium, zinc, calci-
um, manganese and iron. Phosphorus content was detected calorimet-
rically using a spectrophotometer at 650 nm according to the method
of AOAC [32].

Total phenolic content (TPC) was determined according to Singleton
and Rossi [33] using the Folin-Ciocalteu reagent method. Total flavonoid
content (TFC) was determined using the aluminum chloride colorimetric
method as reported by Eghdami and Sadeghi [34].

The free radical scavenging activity was determined using the 2.2-di-
phenyl-2-picryl-hydrazyl (DPPH) method and the absorbance at 517 nm
according to Fischer et al. [35]. The scavenging activity was calculated
using the following equation:

DPPH radical-scavenging activity (%)=[(A - B)/A]x 100 (7)

where A is the absorbance of the control sample, and B is the absorbance of
the cereal flake extracts.

Statistical analysis of experimental data was performed by analysis of
variance (ANOVA) of the producers using SPSS16.0 software to examine
differences of statistical significance among the analysis means of experi-
mental data. Duncan’s multiple range tests at (P < 0.05) level was used to
compare the mean values.

3. Results and discussion

Physical and chemical characteristics of various cereal grains (soft
wheat and durum wheat, hull-less and hulled barley, triticale, millet, sor-
ghum, and oat as a control sample) are shown in Table 1. A significant dif-

ference was observed in the 1,000-kernel weight among the used cereals,
and the weights ranged from 9.34 g for millet to 53.20 g for durum wheat
grains. The specific weight (hectoliter) of various grains ranged from
65.89 to 81.72 kg/hl for triticale and durum wheat grains, respectively.

The moisture content of cereal grains was in the range of 9.06-10.50%.
All used cereals, except triticale, contain significantly lower protein con-
tent compared to the oat as a control sample. Significantly, triticale flakes
have the highest protein content (13.71%) among other cereals which is
consistent with the obtained results of Glamoclija et al. [36] who reported
that the protein content of triticale was higher than in other cereals. Also,
they mentioned that the increasing interest in triticale grains is due to
the high protein content compared to other cereals. Regarding the fat
content, it could be noticed that millet has the highest content (6.41%)
followed by oat and sorghum grains (5.68 and 4.05%, respectively). Millet
grain has a high content of fat because the germ represents about 21% of
the whole grain [37]. On the other hand, triticale has the lowest fat con-
tent (1.84%). Among all cereal grains, triticale has the highest ash con-
tent (2.68%) while sorghum and soft wheat have the lowest content (1.76
and 1.77%, respectively). The crude fiber content of cereal grains varied
from 1.82% for hull-less barley to 3.45% for triticale.

Sensory parameters should be taken into account as important values
of flakes where consumers can select flakes from the markets depending
on sensory evaluation and price. The sensory attributes of the flakes from
different cereal grains assessed on a 9-point hedonic scale are given in
Table 2 in comparison with commercial oat flake sample.

Whole grains contain biopolymers and flavor-active compounds as
well as cell wall structures which may change flavor and texture attri-
butes during processing [38]. Various cereals and varieties may cause ma-
jor variations in the results, due to the sensitivity of some cereals and
varieties to the hydrothermal treatment and form toasted characteris-
tics more than others [39]. Results showed that no significant differences
were observed in appearance scores of oat, soft wheat, durum wheat and
sorghum flakes compared with commercial oat. Concerning the color pa-
rameter, there were no significant differences among all samples except
that of hulled barley, triticale and millet flake samples. All flake samples
were not significantly different in odor at a 0.05 level of significance. The
higher scores of the taste parameter were recorded for commercial oat,
hull-less barley, triticale and durum wheat samples. Millet flakes had

Table 1. Physicochemical characteristics of whole grain cereals
TE\6HI/IL[Z1 1. ®u3uKO-XxMMIECK1e XapaKTepPUCTUKU LEJIbHO3EPHOBBIX XJIOIIbEB

Physical properties

Chemical properties

Cereal grains 1,000-kernel Hectoliter Moisture Protein Fat Ash Crude fiber ~ Carbohydrate
wt. () (kg/hl) %) %) %) %) %) oy
Oat 25.44+0.31° 73.11+0.26° 9.47+0.10¢ 13.07+0.06" 5.68+0.06° 2.17+0.02¢ 2.55+0.09« 76.53+0.07¢
Soft wheat 45.25+0.4° 81.65+0.44° 9.44%0.02¢ 10.81+0.084 1.92+0.05¢% 1.77+0.03¢ 2.28+0.04¢ 83.22+0.05°
Durum wheat 53.20£0.05° 81.72+0.04* 9.06+0.10¢ 12.24%0.12¢ 1.86+0.02¢ 1.84+0.09¢ 2.40%0.054 81.66+0.17°
Hull-less barley 35.68+0.58¢ 79.33£0.21° 10.22+0.03" 10.51+0.10¢ 1.97+0.10¢% 2.23+0.02¢ 1.82+0.028 83.47+0.03*
Hulled barley 44.51+0.52° 76.19+0.03¢ 9.84+0.05¢ 11.75+0.05¢ 2.06%0.13¢ 2.43+0.05° 2.12+0.18¢ 81.64%0.06"
Triticale 28.13%0.18¢ 65.89+0.33f 10.31+0.04° 13.71£0.072 1.84%0.09¢ 2.68+0.05° 3.45+0.06° 78.33+0.08¢
Millet 9.34+0.53¢ 81.55+0.06° 10.50+0.022 10.79+0.04¢ 6.41+0.02° 2.12£0.061 2.70£0.10%¢ 77.98+0.104
Sorghum 39.03+0.61¢ 73.62%0.36¢ 9.85+0.11¢ 10.42+0.75¢ 4.05+0.02¢ 1.76+0.06° 2.76+0.06° 81.01+0.44¢

Values are means of three replicates*standard deviation. Values in the same column followed by different superscripts are significantly different (P<0.05).

Carbohydrate content is calculated by the difference.

Table 2. Sensory evaluation of the produced flakes from various cereal grains
Ta6m/1ua 2. OHeHKa OpraHoJIENITUYECKNUX CBOVICTB XJIONIbEB, IIPOMU3BEAEHHBIX U3 PAa3/IMYHbBIX 3/IaKOB

Flake samples Appe(e;;ance C?;;)r 0((;()‘.1‘ T?;:)te Mou(tgh) feel (()9; 1(&3;)*
Commercial oat 8.94+(.33* 8.94+0.00? 8.78+(0.35° 8.83+(.33* 8.61+0.65° 8.79+0.22° 97.94
Oat 8.56+0.73®¢ 8.67+0.56* 8.72%(0.78* 8.22+0.86" 7.83+0.96% 8.31+0.53" 93.17
Soft wheat 8.56+0.46%%¢ 8.83+(0.35° 8.67+0.73* 7.89+0.83 7.81+0.88" 8.21+0.49 92.54
Durum wheat 8.78+0.44% 8.89+0.33* 8.72+0.44* 8.33+(.35%¢ 8.11+0.70% 8.45+0.44® 94.96
Hull-less barley 8.39+(0.93 8.44+(.68 8.61+0.60? 8.47+0.69 8.06+0.76%%¢ 8.37+(.522¢ 93.22
Hulled barley 8.06+0.66 7.78+0.74¢ 8.56+0.53* 8.00+0.61° 7.67+0.43¢ 7.97+0.39 88.96
Triticale 8.28+0.71% 8.08+1.06" 8.72%0.57° 8.42+0.56% 8.33+0.90 8.37+0.49> 92.96
Millet 7.56+0.974 7.61+0.84¢ 8.33+0.68° 7.83+0.98¢ 8.17+(.88"¢ 7.94+0.46° 87.85
Sorghum 8.50+0.712b¢ 8.56+0.58 8.61%0.492 7.89+0.89% 7.89+0.74b 8.22+(.34% 91.98

Values in the same column followed by different letters indicate a significant difference (P < 0.05). Liking scale ranged from 1 to 9 for extremely dislike to
extremely like, respectively. OA*: The Overall Acceptability. AI**: the Acceptability Index (%).
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the lowest appearance and the less taste values among all flake samples.
Similar findings were reported by Cabrera et al. [40], who observed a de-
creased food acceptability of millet based products. Furthermore, higher
scores in mouth feel were observed in commercial oat, hull-less barley,
triticale and millet when compared with other flakes (P < 0.05).

Regarding the overall acceptability, commercial oat, durum wheat,
hull-less barley and triticale flakes were preferred over other samples.
Meanwhile, hulled barley and millet flakes showed the lowest scores com-
pared with other flake samples. Color is an important sensory parameter
that affects the appearance and is used as an index of the acceptability of
the product [40]. Consumers mostly prefer flakes to be not sticky or ad-
hering to teeth and should not require much mastication or break down
[41]. All the produced flakes were well accepted by the panelists with an
acceptability index of more than 87% as shown in Table 2. From the ob-
tained results, it could be concluded that durum wheat, hull-less barley
and triticale flakes are the good alternatives to oat flakes with good char-
acteristics due to their highest scores in numerous sensory characteris-
tics compared with commercial oat flakes as a control sample. Although
millet flake had the lowest overall score as well as the appearance and
color scores, it still has a high acceptability index (87.85%) as shown in
Table 2. Nonetheless, millet as well as sorghum can be used as a func-
tional gluten-free alternative to oat, wheat and barley.

Physical and functional characteristics of flakes produced from vari-
ous cereal grains such as color, density, water activity (a ), RTWAI, HTWAI
and rehydration ratio are presented in the Table 3. Color is an essential
quality parameter that directly effects on the acceptability of food prod-
ucts. For color parameters, dark whole-grain products are not attractive
for the consumers who choose refined products. Results showed that
commercial oat flakes showed significantly the highest L* and b* values,
while Sorghum flake has the highest a* value compared with the other
samples. Hulled barley flake has the lowest L* and b* values but millet has
the lowest a* value among all samples.

There was no significant difference in the true density among all pro-
duced flakes from various cereal grains and it ranged from 1.10 to 1.27 g/ml.
Millet flakes have the highest value of bulk density (0.51 g/ml) meanwhile
hulled barley and triticale have the lowest bulk density (0.35 and 0.25 g/ml,
respectively). Bulk density is an indicator of flake flatness and it is used as
an indication of the storage space required for a definite quantity of various
flakes. The lower bulk density indicates the good flaking quality [24].

Water activity is a useful value to predict food safety and quality where
it indicates the available amount of water to microorganisms. Water ac-
tivity of the produced flake samples was varied from 0.31 to 0.43 indicat-
ing high storage and microbial stability. Abbas et al. [42] reported that, at
a water activity of less than 0.6, the activity and the growth of all microor-
ganisms could be inhibited. There is an increase in the possibility of lipids
oxidation, at very low water activity (<0.25) [43].

The water absorption index at room temperature (RTWAI) measures
the quantity of water absorbed by starch and is used as a starch gelatini-
zation index as native starch does not absorb water at room temperature
[44]. RTWAI of oat and triticale flakes was significantly higher compared
to other samples (P < 0.05) as shown in the Table 3. These results might
be attributed to the higher content of protein and crude fiber [45]. Signifi-
cant differences were found in water absorption index at high tempera-
ture (HTWALI) of flake samples and ranged from 313.05 to 498.81% for soft
wheat and triticale flakes, respectively. The different water absorption in-
dex could be attributed to the surface of flakes, which can absorb water
into the matrix, differently [46].

Rehydration ratio of flake samples is presented in the Table 3. Results
showed no significant differences in rehydration ratio between hulled
barley, triticale and millet flakes and they have the highest ratios. On
the other hand, soft wheat and durum wheat flakes have the lowest re-
hydration values among the flake samples. Depending on the physical
characteristics of produced flakes from various cereal grains, it could be
concluded that durum wheat, sorghum and triticale were the cereal flakes
with nearest values to the control sample (commercial oat).

The chemical composition of cereals mainly influences their quality as
well as the derived products. The chemical composition of the produced
flakes is presented in the Table 4. It could be noticed that commercial
oat and triticale flakes had higher protein contents (13.89 and 13.46%,
respectively), meanwhile sorghum and hull-less barley had the lowest
contents (10.23 and 10.20%, respectively) among all flake samples. Fat
content of flakes ranged between 1.55% for hulled barley and 6.22% for
commercial oat. Concerning the ash content, it ranged from 1.53% in soft
wheat flakes to 2.26% in triticale. Among all flake samples, triticale has
the highest fiber content (3.36%). Noticeably, there were no significant
differences in the fiber content of commercial oat, hull-less barley and
hulled barley and they have lower content compared to other samples.
Carbohydrates, as the major components of cereals, were more than 76%

Table 3. Physical and functional characteristics of the produced cereal flakes
Ta6m/[ua 3. dusuveckue u !l)yHKH]/IOHa!IbeIe XapaKTepUCTUKU IIPOU3BEAECHHBIX 3/IAaKOBBIX XJIOIIBEB

Flake samples Color Density (g/ml) Water activity RTXVAI HT:NAI Rehydration
L* a* b* True Bulk @) (%) (%) Ratio
Commercial oat ~ 82.58+1.96*  3.22+0.03>  21.23+0.41*  1.16%0.12? 0.44%0.01° 0.52%+0.02 112.72+0.62f 351.33+5.838  1.97+0.08¢
Oat 58.09+2.23¢  3.09%+0.15>  12.77%£0.39¢  1.20%+0.09° 0.40%0.01¢ 0.43+0.05 216.49+0.12* 382.05+2.26° 1.98%0.01¢
Soft wheat 57.81+2.40¢  3.27%£0.27° 13.10%0.33¢  1.26+0.02% 0.43+0.01° 0.36+0.01 106.60£2.038 313.05+0.47" 1.66*0.06¢
Durum wheat 59.71£0.83> 3.12+0.21> 16.20%0.16>  1.26 +0.01° 0.40%0.01¢ 0.37+0.03 122.36+3.97¢ 351.44+4.09¢ 1.38%0.16%
Hull-less barley ~ 52.53+1.18%  2.44+0.10¢ 10.85+0.54"  1.18+0.09* 0.40£0.01¢ 0.40+0.01 175.03+1.46¢ 422.94+0.37¢  2.43%0.01°
Hulled barley 48.68+1.37¢  2.86%0.05° 6.68%0.028 1.10+0.02® 0.35+0.01¢ 0.35+0.04 179.44%0.96* 466.33+5.55°  3.43+0.04°
Triticale 56.28+6.64  2.46*0.02¢ 12.97+0.07  1.19%0.10° 0.25+0.01¢ 0.34+0.01 215.22%+0.67* 498.81+3.58* 3.41%0.26°
Millet 56.15+1.41¢  2.10+0.06° 11.70*0.36°  1.27+0.01* 0.51+0.01° 0.31£0.03 125.50+0.37¢ 409.68+4.81¢  3.23%0.17¢
Sorghum 64.02+1.77°  3.62%0.27°  13.78+0.28  1.19%0.10? 0.40%0.01¢ 0.39+0.02 164.85+3.61¢ 443.38+5.59° 2.71+0.06"

Values are means of three replicates *standard deviation. Values in the same column followed by different superscripts are significantly different (P<0.05).
RTWALI: room temperature water absorption index; HTWAI: high temperature water absorption index.

Table 4. Chemical composition of the flakes produced from various cereal grains
Ta6muua 4. XuMUYEeCKUii COCTAaB Pa3INYHBIX I[eTbHO3€PHOBHIX X/IObEB

Flake samples Mo(ig/ot)ure
Commercial oat 8.53+0.23¢
Oat 7.88+0.08°
Soft wheat 5.39+0.19¢
Durum wheat 5.28+0.09¢
Hull-less barley 4.97+0.04¢
Hulled barley 5.29#£0.05¢
Triticale 4.87+0.14¢
Millet 4.36+0.01f
Sorghum 4.57+0.08f

Protein
(%)

13.89+0.02*
12.98+0.09¢
10.46+0.10¢
11.92+0.20¢
10.20+0.12f
11.67+0.05¢
13.46%0.04°
10.73+0.18¢
10.23+0.11°

Fat
(%)

6.22%0.03°
5.45* 0.06¢
1.84%0.04¢
1.77%0.09¢
1.55+0.08¢
1.75%0.01¢"
1.70£0.03f
5.81£0.04°
3.52+0.104

1(&1;’1)1 Cru(zs/D ;iber C(?orrl:?e};ls;d(r‘%e Energy (Kcal)
2.13+0.012 1.70£0.02¢ 76.06+0.63" 416.43+1.13°
1.78+ 0.06" 2.41+0.03> 77.38+0.048 408.53+0.73¢
1.53£0.06¢ 2.17+0.07¢ 84.01+0.05° 393.75+0.80¢
1.64+ 0.09" 2.24+0.02< 82.42+0.054 393.09+0.11¢
1.78+0.04° 1.69+0.11¢ 84.78+0.10* 394.31+0.04¢
2.08+0.15* 1.83+0.02¢ 82.67+0.11¢ 394.41+0.61¢
2.26%0.132 3.36%0.232 79.22+0.16" 386.43+1.15"
1.76£0.07° 2.33+0.02< 79.37+0.18f 418.33+0.07°
1.60+0.03> 2.56+0.07° 82.09+0.11¢ 399.92+0.55¢

Values are means of three replicates+standard deviation, values in the same column followed by different superscripts are significantly different (p<0.05).
Carbohydrates content was calculated by difference.
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and ranged from 76.06% in commercial oat flakes to 84.78% in hull-less
barley flakes. It was observed that all the flake samples exhibited signifi-
cantly lower protein, fat, ash and crude fiber (Table 4) than the native
grains (Table 1) which could be due to the processing treatment used for
flakes production [47,48]. The lower fat content of flakes compared to
grains was attributed to the amylose-lipid complex formation which has
lower extractability [49].

The calculated energy values of flakes are shown in the Table 4 and
they ranged from (418.33 kcal) in millet to (386.43 kcal) in triticale. From
the above results, it could be concluded that triticale, durum wheat, and
hulled barley are the good cereals to prepare the flakes of high character-
istics, as they have high protein and ash contents, low fat and low calories
content.

The content of total dietary fiber in the flake samples is shown in the
Figure 2. Previous studies indicated that ready-to-eat cereal consump-
tion may increase fiber intake and lead to a high nutritional quality of
the whole diet [50]. The obtained results indicated that triticale, hulled
barley and hull-less barley flakes have higher contents of TDF among all
flake samples (22.38, 21.33 and 20.01%, respectively). Meanwhile, millet,
commercial oat and sorghum flakes have less TDF contents (12.72, 13.57
and 15.55%, respectively) compared to other flake samples. These results
were in agreement with the reported result of Prasad and Joye [9].

The mineral contents of flakes from various cereal grains were deter-
mined and are shown in the Table 5. There was a wide range of mineral
contents in various cereal flakes.

Table 5. Mineral contents (mg/100g) and RDA* (mg/day)
of the produced cereal flakes

Ta6nuia 5. ComepykaHue MUHepaabHbIX BemecTs (Mr/100 r)
¥ peKOMeHIyeMasi CyTOYHasi HOpMa MoTped/ieHns® (Mr/qeHb)
B IIPOVM3BEAEHHBIX 3€PHOBBIX X/IOMbIX

Mineral contents (mg/100g)
Macroelements
Mg K P Ca

Microelements
Mn Zn Fe

Flake samples

Commercial oat 118 210 370 48 3.5 2.1 3.9
Oat 138 196 380 49 3.62 1.8 3.8
Soft wheat 85 365 290 39 3.2 3.1 2.9
Durum wheat 95 220 185 27 4.32 2.7 2.6
Hull-less barley 96 380 260 41 2.0 2.26 4.7
Hulled barley 102 330 275 45 2.2 2.17 5.1
Triticale 93 390 360 64 2.4 2.9 3.4
Millet 128 260 286 37 2.80 4.8 5.7
Sorghum 120 370 352 16 1.50 2.7 4.2
RDA* 3201-420™ --- 700%™ 1000f™ ~---  8f-11m 8m-18f

*RDA: Recommended Dietary Allowance (mg/day) according to DGA (2020-2025)
[51]. The superscripts (* and ™) is the RDA for females and males, respectively.
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Data are expressed as means*standard deviation and the different letters
are significantly different at 0.05 level.

Figure 2. The total dietary fiber content of the produced
cereal flakes. Control: commercial oat flakes
PucyHoOK 2. OG11ee cogepskaHue MUIIEBbIX BOJIOKOH B IPOM3BEIEeHHBIX
3epPHOBBIX X/I0NbsAX. KOHTPO/IbHBIN 06pasel: IOKYITHO OBeC

Among all flake samples, oat had the highest Mg and P content, du-
rum wheat showed highest Mn content, triticale had the highest K and Ca
content, and millet had the highest level of Zn and Fe. The results of the
present study are consistent with other previous works [10,22].

Dietary intakes of minerals in flakes were estimated and compared
with the Recommended Dietary Allowance of daily (RDA) values for
adult females and males aged 31-50 (Table 5). Comparing the RDA mac-
roelements and microelements, it could be concluded that most cereal
flakes (100 g) contribute more than 24-43% for males and females, re-
spectively of the Mg RDA. Furthermore, all the produced flakes except
durum wheat can supply around 40-55% of the phosphorous RDA. Ad-
ditionally, about 44-60% (for males and females, respectively) of the
Zn RDA can be obtained by 100 g of millet flakes. Concerning the iron
content, 100 g of millet, hulled and hull-less barley could provide about
50% of RDA of iron.

Generally, whole grains contain various phytochemicals depending
on the cereal type and how the grains have been processed [7]. Phyto-
chemical properties such as total phenolic content (TPC), total flavo-
noid content (TFC) and antioxidant activity (DPPH) of flake samples are
shown in the Figure 3. According to Nani et al. [52], phenolic compounds
(phenolic acids and flavonoids) in whole grains have an immunosup-
pressive effect that can be used as dietary supplements for autoimmune
disease treatment. Beneficially, it is better to consume whole grains or

35 - (b)
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o
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Antioxidant activity (%)

Flake samples

Data are expressed as means * standard deviation and the different letters are significantly different at 0.05 level.

Figure 3. Phytochemical properties of the produced cereal flakes. Control: commercial oat flakes.
(a): TPC and TFC and (b): Antioxidant activity of flake samples
PucyHOK 3. ®UTOXMMMUYECKME CBOICTBA IPOM3BEAEHHbIX 3€PHOBBIX XJIONbeB. KOHTPOIbHBI 06pasel: MOKYITHOI OBeC.
(a): TPC (o61ee cogepskanue ¢enonos) u TFC (o6uiee cogepkanue ¢paaBoHOUIO0B), U (b): AHTMOKCHMAAHTHASI AKTMBHOCTb 06GPa31[0B XJIONbEB
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bran because phenolic compounds are not equally distributed in the
grain but are mainly found in the pericarp [53]. Concerning the TPC,
there was differentiation among all flake samples and it varied from
103.77 mg GAE/100g for oat flakes to 210.20 mg GAE/100 g for millet
flakes. Hull-less barley flakes contained the highest value (58.86 mg
CE/100 g) of TFC while the soft wheat had the lowest value (46.81 mg
CE/100 g).

The DPPH method is efficiently used to determine the antioxidant
activity [54]. The antioxidant activity of the flake samples was detected
by the evaluation of the free radical scavenging effect on the 1.1-diphe-
nyl-2-picrylhydrazyl (DPPH) radical. The results revealed that the anti-
oxidant activity of various flakes was ranged from 10.83% for oat flakes to
29.70% for millet. Also, the results showed that all flake samples except
durum wheat had higher antioxidant activity values compared to both
commercial oat and oat flakes as control samples.

4. Conclusion

Whole grain products are considered as health-beneficial ingredients
that should be consumed regularly. They contain flavor-active compounds
and cell wall structures which may affect the flavor and texture attributes
as well as the consumers’ acceptance. Concerning the nutritional quality
of the produced cereal flakes, they have various contents of minerals and
phytochemicals. Oat flakes have higher Mg and P content, durum wheat
show higher Mn content, triticale has the highest K and Ca content, and
millet has the highest level of Zn and Fe. Triticale flakes has significantly
higher dietary fibers and water absorption index compared with the other
flakes. The sensory characteristics of all the produced flake samples in the
present study are favorably accepted with more than 87% acceptability
index. Wheat, barley, triticale, millet and sorghum grains could be used
as oat alternatives to produce promoting, functional and ready-to-eat ce-
real flakes with various characteristics. Fortunately, millet and sorghum
flakes are functionally gluten-free alternatives to the oat flakes.
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yak milk, protein Yaks are the large herbivorous ruminants that live in high mountain pastures at altitudes from 2,000 to 4,000 m above sea

fractions, casein, whey level. This environment is quite harsh, and yaks calmly tolerate extreme cold — down to minus 40 °C. The main food of

proteins, amino acid yaks are herbaceous plants, the vegetation season of which in a cold mountain climate is short, about 3-4 months, and

composition, season, therefore they feed mostly on wilted pasture, which is, in principle, sufficient for these animals. At the end of winter, when

ration the amount of pasture feed decreases, the animals become malnourished and lose weight. Therefore, yak farmers often
face the need to feed their animals in winter. A complete ration of an animal, along with other factors, has a significant
impact on the composition of milk and its productive ability. The aim of the work is to study the chemical composition, in
particular the protein fraction, of the milk of yaks living in the mountainous regions of Kyrgyzstan in comparison with the
milk of yaks from different regions of the world. The object of the study was milk of yaks inhabiting the highland regions
of Naryn province of Kyrgyzstan. Samples were collected and tested according to standard methods. Studies have shown
that the milk of yaks from the Kyrgyz population contains more protein (5.66%) than milk from yaks in the mountains of
China, Russia and Mongolia (4.95, 4.55 and 5.3%, respectively). Milk we studied is high in amino acids such as methio-
nine, lysine, proline, phenylalanine, and alanine. Seasonal (spring, summer) changes in the protein composition (whey
proteins, casein proteins), amino acid profile, total nitrogen, non-protein nitrogen of yak milk were also studied. The total
content of amino acids in the milk of Kyrgyz female yaks is noticeably higher in spring (6189.96 mg/100 g) than in sum-
mer (5101.47 mg/100 g). The research results presented in this article showed that the milking season and the associated
feeding ration of yaks affects the composition of milk, which is associated with the nutritional value of grass feed and its
nutrient content. Spring milk contains more proteins and amino acids than summer milk, which is due to the high protein
content of plants in the spring period before the flowering phase. Milk of Kyrgyz yak with proven high nutritional and bio-
logical value is an alternative to cow milk.
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PAIIMOH KOPMJIEHUA IKOB KBIPTBI3CKO! MO VAU
U ETO BJIMUSTHUE HA BUOXUMUYECKUIN COCTAB MOJIOKA

Caanmena A. H.1* YcybanueBa A. M.2, MycynbmanoBa M. M.}

U KpIprpI3CKUii TOCYAAPCTBEHHBIN TeXHMYECKNI yHUBepcuTeT M. U. PazszakoBa, bumikek, Keiproiackas Pecry6inka
2 KbIpreizcko-Typeukuit yausepcutet «MaHacy», Bunikek, Keiprsidckast Pecriy6inka

KJIFOYEBBIE CJIOBA: AHHOTALIA
MOJIOKO SIKa, ppakyuu  SIku — KpYIIHbIe TPaBOSAHbIE KBAYHbIE JKMBOTHbIE, O6MTAIOIIME HAa BHICOKOIOPHBIX MacTéumiax Ha BbicoTe oT 2000 1o

0enK08, KazeuH, 4000 M HaJ ypoBHeM MOps. OTa cpela JOCTaTOYHO CYpOBasi, U SIKM CIIOKOHO MepeHOCsIT SKCTpeMalbHble X0I04a — OO0
colgopomoutste enxu, muHyc 40 °C. OCHOBHOI MMILEN AKOB SBJISIOTCS TPABIHUCTbIE PACTEHMsI, BEreTalMOHHbIN IIepyoj KOTOPbIX B XOJIOAHOM
AMUHOKUCIOMHbLI TOPHOM KJIMMaTe KOPOTKMUIi, MPUMEPHO 3-4 mMecsiia, B CBSI3Y C YeM OHM MUTAIOTCST 6OJbIIel YaCThI0 YBSIAIIMM ITOLHOX-

cocmas, ce30H, Kopm HBIM KOPMOM, UTO B IMPUHIMAIIE TOCTATOYHO IJISI TUX KMBOTHBIX. B KOHIIe 3MMbI, KOT/Ia KOJMYECTBO MOJHOKHOTO KOpMa
YMEHbIIIAeTCs, SKMBOTHbIE HEIOENAIOT U TEPSIIOT B Bece. [[09TOMY Mepes IKOBOAAMM YacTO BO3HMKAeT HeOO6XOAMMOCTh
3MMHeI TOAKOPMKY KUBOTHBIX. [[0OJTHOLIEHHBIN PAI[MOH JXUBOTHOTO, HAPSAY C APYTUMU (HaKTOPAMM, OKa3bIBaeT CYIIeCT-
BEHHOE BJIMSIHME Ha €r0 MPOAYKTUBHYIO CIIOCOGHOCTD ¥ COCTaB MoJioKa. Llesb paboThl — McciefoBaHMe XMMUYECKOTO CO-
CTaBa, B YaCTHOCTU 6eIKOBOY (paKinu, MOJIOKA SKOMATOK, 0OUTAIOIIMX B TOPHBIX pernoHax KeIpreiactaHa, B CpaBHEHUN
C MOJIOKOM STYMX PA3HBIX PErMOHOB Myupa. O6bEKTOM UCCIeNOBAHMUS SIBJSIIIOCh MOJIOKO STUMX, OOMUTAIOMINX B BHICOKOTOP-
HbIX pernoHax HaperHckoit o6mactu Keipreizcrana. C6op mpob u muccaesoBaHus TPOBOAMIIN B COOTBETCTBUM CO CTAHIAPT-
HbIMM MeTofamMu. VcciieoBaHmsI TOKA3asu, 4YTO B MOJIOKE SIKOMAaTOK KbIPT'bI3CKOI MOMY/ISIIUY COEPKUTCS 6obIie Geika
(5,66%), 110 CpaBHEHUIO C MOJIOKOM KMBOTHBIX, 06uTaoIMx B ropax Kuras, Poccun u Mouronuu (4,95, 4,55 u 5,3% coot-
BECTBEHHO). B mcciieoBaHHOM HaMM MOJIOKE BBICOKOE COZlepsKaHNMe aMUHOKUCIOT, TAKUX KaK MeTUOHUH, JIM3VH, TIPOJIUH,
ennnanannu u aaHmH. Takke M3yueHbI CE30HHbIE (BECHA, JIETO) M3MeHEeHMsI 6€JTKOBOTO COCTaBa (CbIBOPOTOUHbIE GEJIKHA,
Ka3eHOBbIe GeJIKM), aMUHOKMCIOTHOTO IIpoduist, 061nero a3ora, He6eJIKOBOro a3oTa MoOJIoKa SIkoMaTok. CyMMapHoe co-
IepkaHye aMMHOKMCIOT B MOJIOKE SIKOB KbIPTbI3CKOJ TTOMY/SLMM 3aMeTHO Bblllle B BeceHHee Bpems (6189,96 mr/100 1),

FOR CITATION: Saalieva, A. N., Usubalieva, A. M., Musulmanova, M. M. [1JII LUTUPOBAHU: CaanueBa, A. H., Ycy6anueBa, A. M., Mycyibma-
(2024). Feeding ration of yaks of the Kyrgyz population and its influence on  HoBa, M. M. (2024). PauyoH KOPMJ/IEHMsI SIKOB KbIPTHI3CKOM TOMY/ISLUU U €ro
the biochemical composition of milk. Food Systems, 7(1), 91-98. https://doi.  BiMsHMe Ha GMOXMMMYECKUII cocTaB Mosioka. ITuwjessie cucmemst, 7(1), 91-98.
org/10.21323/2618-9771-2024-7-1-91-98 https://doi.org/10.21323/2618-9771-2024-7-1-91-98
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yem setom (5101,47 mr/100 r). Pe3ynbTaTsl uccaefoBaHMii, IpMBeleHHbIE B JAHHO CTaTbe, IIOKa3ajay, YTO Ce30H YOS
Y CBSI3aHHBINM C HUM PAlMOH MUTAHUS STUUX BAUSIET HAa COCTaB MOJIOKA, UTO CBSI3aHO C MUTATEIbHOCTHIO TPABSIHOTO KOpMa

u cogepkaHyeM B HeM HYTPMEHTOB.

OUVHAHCHPOBAHMUE: PaboTa BbINIOJIHEHA B paMKax IIPOeKTa, puHaHCHMpyemMoro MuHucTepcTBoM o6pa3oBanus M Hayku KeIpreizckoit Pecryomyiku

(poext N2 007652).

BJIATOOAPHOCTU: ABTOpBI BbIpasKalOT GJIaroJapHOCTh AOKTOPY TEXHUUYECKMX HayK, akafeMmuky PAH, mupektopy Bcepoccmiickoro HaydqHO-MCCIeno-
BaTEJIbKOTO MHCTUTYTA MOJIOUHOV ITPOMBIIIIEHHOCTY TaicTsHy A. . M KaHOUAATY TEXHUYECKUX HayK, 3aBeNyHoleMy J1abopaTopueii TEXHOXMMUUECKOTO
KOHTPOJISI Beepoccuiickoro HayYHO-MCCIeq0BaTeNTbCKOTO MHCTUYTa MOJIOYHO ITpombliiieHHOCTV K0poBoii E. A. 3a MOMOIIb B TPOBeIEHNN UCCIIEIOBAHMIA.

1. Introduction

Vast high-mountain territories with a complex combination of natu-
ral, climatic and feeding conditions are the favorite habitat of yaks. They
are adapted to the specific conditions of the highlands, which are charac-
terized by sharp changes in temperature and atmospheric pressure. The
feeding ration is quite meager and mostly consists of low-growing veg-
etation 0.7 cm high. Thanks to the specific structure of the tongue and
upper lip, such short grass is accessible to the yaks. Their tongue is spade-
shaped, the tip is flat and thin, which gives it special mobility; the upper
lip is also particularly mobile, like that of sheep [1]. The most suitable
grass height for yaks is considered to be 15-18 cm. Daily feed consump-
tion in winter is 4-6 kg, in summer — 12-15 kg.

The habitat of wild yaks currently spans to the highlands of Tibet and
a small part of Nepal. Semi-wild yaks are bred in many mountainous re-
gions of Asia: Western China, Tibet, Nepal, Bhutan, Mongolia, Altai, Ta-
jikistan and Kyrgyzstan. They are kept only in the open air, drink running
water and eat pasture. Despite their high adaptive capacity, temperature
changes force yaks to change pastures depending on the season [2]. In
summer, yaks try to go up higher, to where it is not so hot, but green parts
of herbaceous plants have already appeared on the pastures. June and
August are the best times in terms of nutritional value, phytomass and
easy digestibility of herbs. The nutritional value of green food is higher
due to its high carbohydrate content. At the end of summer, the grass
becomes coarser and the diet is replenished with withered stems of forbs,
leaves of shrubs and various high-mountain berries. With the onset of
cold weather, the diet of yaks becomes more meager, which significantly
affects their feeding regime, and their main food is pasture grass. A shal-
low layer of snow is not a hindrance for the yak; it easily breaks and digs
the snow with its muzzle and extracts food from under the snow. Breeding
yaks contributes to the effective use of high-mountain pastures at differ-
ent times of the year, and ability of yaks to quickly gain muscle mass and
accumulate fat with a meager diet indicates the high ecological plasticity
of the species.

It has been established that yaks consume 49 species of forage plants,
of which 16 species are cereals, 4 legumes, 6 sedges, and more than 20
species of forbs and shrubs. Their favorite delicacies are bluegrass, fes-
cue, Koeléria, sedge, cold wormwood and Gmelin’s wormwood, kochia,
and teresken subshrub (Krascheninnikovia). There are also plants that are
not eaten by them (Gentian grandiflora, Desurainia filamentosa, Draco-
cephalum, Cinquefoil anseri, Quinoa spear-shaped, Velcro bristly, etc.),
and even poisonous for the animals: poisonous wekh, long-rooted sorrel,
black cohosh, toadflax, etc. [3]. The food composition of yaks depends
on their habitat, since each region has its own specific floristic set, phe-
nology of plant vegetation, weather conditions and other meteorological
factors. The growing flora of pastures has a special effect on the popula-
tion and geographic feeding characteristics of these animals.

The grassland flora of different regions is influenced by several fac-
tors, including climate and topography. On the Qinghai-Tibetan Plateau
(altitude is more than 3000 m above sea level), where the largest yak pop-
ulation lives, desert steppes predominate (precipitation is about 50 mm
per year), there are less alpine steppes (about 200 mm precipitation per
year), and alpine meadows are located below (up to 600 mm of precipita-
tion per year) with a variety of vegetation: sedge, shrubs and herbs [4].

Altai alpine meadows are used as pastures mainly in the summer. The
main food of Altai yaks is cereal grass (wort grass, bluegrass, Koeléria) and
forbs, which are good food for accumulating the animals fat. Sparse vege-
tation is replaced by the fauna of shrubby tundra, the soil surface of which
is often covered with mosses and bushy lichens (cladonia and cetraria),
over which thickets of gray willow and round-leaved birch, only 20-40 cm
high, form. Claytonia, fescue, and cobresia are occasionally found [5].

Kyrgyzstan is a mountainous country predominantly covered by vast
high-mountain pastures, where grazing of the main agricultural livestock
is impossible or difficult. These pastures have long been effectively used
for keeping yaks, which do not require the construction of the winter
stalls and the preparation of feed, since they feed only on pasture and are

not afraid of cold and icy winds. Therefore, the cost of yak production is
low. In the warm season, milk is obtained from the yak cows, the composi-
tion of milk depends on various factors, including the animal’s diet and
the type of plant food.

The type and composition of vegetation of mountain pastures in
Kyrgyzstan is also determined by the height of the mountain ranges. In
the northern part, where the climate is more humid, steppes and mead-
ows predominate; in the southern regions, deserts and semi-deserts are
found more often. High-mountain meadows are characterized by low
grass height, which does not exceed 25-35 cm. The most common grasses
that grow are kobrezei, awnless brome, creeping wheatgrass, bluegrass,
pinnate short-legged grass, vetch, aconite, cinquefoil, locoweeds, etc. [6].
At an altitude of more than 3000 m, the grass stand is formed from the
most cold-resistant plants: cobresia, ptilagrostis, white bluegrass, fescue,
reed grass, mosses and lichens. Significant areas are wastelands, which in
the summer are the pastures for yaks, where they feed on high-mountain
cushions of dryad flowers, Saussurea alpine, which begin to grow in a
cushion-shaped form to preserve heat and moisture [7].

The main population of the Kyrgyz yaks lives on the pastures of the
Aksai-Chatyrkul valley of the Inner Tien Shan, which is located on the
border of Kyrgyzstan and the People’s Republic of China. The total area
of pastures is 9,250 km? at absolute altitudes of 3,100-3,600 m above sea
level [8]. High-mountain pastures are used, most often, as distant lands
for grazing animals.

The Aksai-Chatyrkul valley is one of the largest summer pastures of
the Kyrgyz Republic. The geological structure of the valley and the sur-
rounding ridges is quite complex. The vegetation cover is dominated by
cryophyte steppes and cryophyte meadows in combination with cobresia
(Kobresia cappiliformis), fescue (Festuca kryloviana), white grass (Fes-
tuca olgae), sheep (Helictotrichon desertorum), barley (Hordeum turkes-
tanicum), fescue (Festuca valesiaca) and wormwood-cereals (Stipa orien-
talis, Artemisia rhodantha) wealds [9]. High-mountain soddy-semi-peaty
and meadow-steppe alpine soils, chestnut takyr-like desert soils, and
meadow-steppe carbonate subalpine soils are developed. Surface waters
of the region are represented by the Western and Eastern Aksai rivers and
their numerous tributaries.

It has been established [10] that depending on the altitude of the
pasture, the content of vitamins and minerals in yak milk changes, the
content of fat-soluble vitamins A and E increases, and, conversely, the
content of vitamins B1 and B2 decreases. The content of magnesium and
iron in the milk of yaks grazing on higher pastures is also higher, but the
content of heavy metals is lower. Thus, the height of the pasture and,
accordingly, the flora growing in the highlands play a large role in the
formation of the chemical composition of yak milk.

The purpose of the work is to study the influence of the feeding ration
of the Kyrgyz yak on the formation of the chemical composition of milk,
to study the amino acid (AA) composition of milk proteins, and also to
analyze changes in the composition of the protein fraction of milk de-
pending on the milking season.

2. Materials and methods

The object of research conducted between 2019 and 2021 was yak milk
obtained from the Naryn region of the Kyrgyz Republic at an altitude of
2,500-3,000 m above sea level. Naryn region is the largest region in Kyr-
gyzstan. More than 85% of the region’s territory is occupied by the Tien
Shan mountain ranges, which are covered with large tracts of natural pas-
tures, the area of which is 2,875.5 thousand hectares.

Filtered yak milk immediately after milking was placed into special
sterile milk storage bags. Milk samples were stored at minus 20 °C in a
freezer until analyzed in the laboratory.

The analyzes were carried out on the basis of the Laboratory of Tech-
nochemical Control of the All-Russian Scientific Research Institute of the
Dairy Industry (Moscow).

To determine the protein composition, the following analytical meth-
ods were used:
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mass fraction of protein and total nitrogen — by the Kjeldahl method
according to GOST 23327-98!;

whey protein content — according to GOST 34536-2019?;
non-protein nitrogen content — according to GOST R55246-2012%;
content of casein proteins — according to STB ISO 17997-1-2012%;
lactoferrin content — according to GOST 33600-2015%;

mass fraction of protein — according to GOST R52054-2003¢;

fat content — according to GOST 5867-907;

lactose content — according to GOST 34304-20178;

content of dry matter — according to GOST 3626-73°;

determination of density — according to GOST 3625-841.

The amino acid composition of milk was determined according to
the method M 04-38-2009"" using the capillary electrophoresis system
“Kapel-205” (Lumex LLC, Russia).

The Kjeldahl method is based on the mineralization of the milk sample
under the influence of sulfuric acid, potassium sulfate and copper sulfate,
followed by distillation of ammonia. The resulting ammonia is titrated
with sulfuric or nitric acid, and the titration results are used to calcu-
late the content of protein and total content of nitrogen. Samples were
prepared for analysis. The studied yak milk was preliminarily defatted by
centrifugation at 10,000 rpm for 10 minutes. Mineralization was carried
out in the presence of sulfuric acid, an oxidizing agent and a catalyst at a
temperature of 420 °C in a HYP-320 digester (Hanon, China). Ammonia
was distilled off after complete mineralization using an automated dis-
tiller K9840 (Hanon, China).

To study the peptide composition of milk samples, a high-performance
liquid chromatography (HPLC) technique was used, which is based on the
separation of protein components in the mobile phase due to differences
in interactions with the sorbent. In this work, the separation was carried
out using a ReproSil-Pur 300 ODS-3.5 pm 250x4.6 mm chromatographic
column with a chemically grafted octadecylsilanol phase, which is capa-
ble of retaining proteins due to hydrophobic bonds, and a pore size of 300
A, allowing the peptides to fully bind to the stationary phase. The separa-
tion was carried out using a chromatographic system from Maestro (Rus-
sia), equipped with two pumps and a dynamic mixer, which allow gradient
elution of analytes in a programmable composition of the mobile phase.
Double-distilled water with the addition of trifluoroacetic acid as an ion-
pair reagent in an amount of 0.1% by volume and acetonitrile as an or-
ganic solvent with the addition of 0.1% trifluoroacetic acid were used as
the components of the mobile phase. The samples were analyzed at room
temperature with a mobile phase flow rate of 1 ml/min. The volume of
the injected sample was 20 pL. The proportion of acetonitrile during the
analysis was increased from 5 to 60% within 30 minutes. Detection was
performed at 214 nm using a spectrophotometric detector. The measure-
ments were made in 3 parallel versions.

The amino acid composition was determined using the capillary elec-
trophoresis system “Kapel-205” (Lumex LLC, Russia). The measurements
were carried out in 2 replicates. Methodology M 04-38-2009'! was taken
as a basis. When preparing samples with a view to obtaining derivatives,
acid or alkaline hydrolysis was used to convert amino acids into free form.

To determine tryptophan, alkaline hydrolysis using a hot 50% barium
hydroxide solution and direct determination without obtaining deriva-
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tives were used. Hydrolysis was carried out while maintaining a high tem-
perature of 110 °C for 14-16 hours. Next, the hot hydrolyzate was diluted
with demineralized water, a few drops of methyl red and a solution of
2.0 mol/dm?® sulfuric acid were added until neutralization (pink color).
The finished solution was cooled to room temperature and brought to a
volume of 50 cm?® with demineralized water. 1.5 cm? of the resulting solu-
tion were taken and placed in an Eppendorf tube, which was centrifuged
for 5 minutes at 5,000 rpm.

To determine the content of amino acids Arg, Lys, Tyr, Phe, His, Leu+lle,
Met, Val, Hyp, Pro, Thr, Ser, Ala, Gly, samples were taken and subjected to
acid hydrolysis (5 cm® of concentrated hydrochloric acid and 2.5 cm?® of
demineralized water).

The measurement technique makes it possible to determine the to-
tal content of amino acids in the samples (total free and bound forms).
Since asparagine and glutamine are quantitatively hydrolyzed to aspartic
and glutamic acids respectively, during sample decomposition, data on
the content of aspartic and glutamic acids represent the total content
of these acids and the corresponding amides. Similarly, data for cystine
content represent the total content of cystine and cysteine, after their
preliminary oxidation to cysteic acid. Under measurement conditions,
leucine and isoleucine are not separated, so their total determination is
provided.

To determine the content of amino acids Asp+Asn, Glu+Gin and Cys-
Cys, a freshly prepared mixture of hydrogen peroxide and formic acid in a
ratio of 1:9 was used as an oxidizing agent. Next, the mixture was evapo-
rated in a stream of hot air until a dry residue was obtained, which was
then dissolved in 10 cm?® of hydrochloric acid diluted with distilled water
ina 1:1 ratio.

1.5 cm® were taken from the prepared hydrolyzed solutions, placed in
an Eppendorf tube and centrifuged for 5 minutes at 5000 rpm. Detection
was carried out in the UV region of the spectrum at a wavelength of 254
nm with a data acquisition rate of 2.5 Hz.

Statistical processing and generalization of experimental data were
carried out using application service programs Microsoft Office Excel
2010. Tabular results are presented as the arithmetic mean * confidence
interval. The reliability of differences between data samples was deter-
mined by the method of confidence intervals. Differences between means
were compared at a significance level of p < 0.05.

3. Results and discussion

The content of the basic nutrients in yak milk depends on the time
of year, seasonal food of the animals, namely the flora of the yaks’ habi-
tat. The fat content in yak milk is higher in the cold season than in
the warm season, and the total protein and lactose content is higher
in the warm season. This dependence on seasonal grass vegetation and
climate change was revealed by Chinese scientists Li et al. (2011) [11].
Yaks’ food is plentiful in warm weather, when there is plenty of green
grass, but with cold weather, short and coarse grass, as well as shrubby
plants, begin to predominate in the diet. The high content of nutrients
in milk, including fat, makes it possible to provide calves with every-
thing they need to survive in the harsh conditions of the highlands. The
content of main nutrients in yaks’ milk depending on their habitat is
given in the Table 1.

Table 1. Chemical composition of yak milk from different regions
Ta6m/lua 1. XMMMU4YeCcKui COCTaB MOJIOKA SIKOB Pa3HbIX PEermoHOB 06MTaHM$[

Yak milk, from
Biochemical . X .
composition Kyrgyzstan Tibet Tuva Altai Mongolia
(own data) (n=2) [11] [12] [13] [13]
Fat, % 5.40%0.22 6.12 6.96 7.7 7.29
Protein, % 5.66=0.06 4.95 4.55 5.3 5.31
Lactose, % 5.60+0.3 5.50 — 5.1 5.21
Dry matter, % 17.40%0.25 17.66 17.07 19.4 18.71

As can be seen from the Table 1, the content of nutrients in the milk
of yaks from different habitat regions does not differ significantly, except
for the mass fraction of fat. The milk of the animals from Altai contains
the most fat. The milk of the yaks living in Kyrgyzstan is the least fatty.
However, Kyrgyz yak milk contains more protein. The ratio of the mass
fraction of fat and protein in milk can also be used to judge the condition
of the animal and its diet [14]. The optimal ratio of these two indicators
is considered to be 1:1.1-1.5. In the milk of Kyrgyz yaks, signs of acidosis
are observed, because the ratio of the mass fraction of fat and protein was
1:0.96. This occurs when the animal has oxygen deficiency, a lack of fiber
and an excess of easily digestible carbohydrates in the feed [15].
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The density of the compared types of milk is almost the same
(1.033-1.034 g/cm3) with some overestimation for the milk of Altai yaks
(1.038 g/cm?), associated with an increased content of dry substances.

As is known, the quality of a protein is determined by its amino acid
composition. Therefore, we analyzed the amino acid profile of milk of the
animals from different regions of habitat (Table 2).

Table 2. Amino acid content of yak milk (g of AA/100 g of milk)

Tabnuia 2. AMMHOKMCIOTHBIN TPOdIIb STYbero MoIoKa (r Ha 100 r Monoka)

Aminoacid X e Tibetl1]  Tuva [15]
Threonine 0.33+£19.57 0.19 0.22
Valine 0.37+22.26 0.26 0.28
Methionine 0.20+12.21 0.11 0.09
Lysine 0.59+35.59 0.38 0.35
Phenylalanine 0.35%£20.93 0.22 0.21
Serine 0.36+21.65 0.23 0.23
Alanine 0.25+14.87 0.14 0.17
Proline 0.85%50.85 0.46 0.36

From the data presented (Table 2) it is clear that the milk of yak liv-
ing on the pastures of Kyrgyzstan contains more amino acids, which is
associated with a higher content of total protein. Amino acids such as
methionine and lysine, which are especially important for the proper
functioning of the human body, are higher in Kyrgyz yak milk by 2 and 1.5
times, respectively, compared to the yaks’ milk from other regions (China,
Russia). Lysine is useful for people suffering from cardiovascular diseases,
has a positive effect on cardiac tone, and reduces cholesterol levels in
the blood. Both of these amino acids are involved in calcium absorption,
which is beneficial for bone formation.

The milk of yak living on the pastures of Kyrgyzstan also contains
more proline (0.85 g per 100 g of milk) compared to the milk of yaks in
other regions (0.46 g and 0.36 g). Proline is important in the prevention
of diseases of the cardiovascular system, as it is responsible for strength-
ening the muscles of the heart. To improve the functioning of the hu-
man nervous system, amino acids such as alanine and phenylalanine are
needed. Alanine in Kyrgyz yak milk is almost 2 times higher (0.25 g per
100 g of milk) compared to Tibetan yaks’ milk (0.14 g) and Tuvan yaks’
milk (0.17 g). The difference in phenylalanine content in yak milk from
different regions is insignificant; however, yak milk from Kyrgyzstan con-
tains more of this amino acid.

It is known that the macro- and micronutrient composition of milk
depends on a number of factors, including the season of the year and,
consequently, the feeding diet, as well as the stage of lactation. In this as-

pect, we studied changes in the protein composition of the milk of Kyrgyz
yaks during different periods of lactation (spring, summer). The results
obtained are shown in the Table 3.

The data from the Table 3 shows that in the spring, cow milk accumu-
lates more proteins, including whey proteins, than in the summer, which
is consistent with literature data [11]. Apparently this is due to the fact
that in the pastures of the Naryn region at this time there is intensive
grass growth and the yaks feed on abundant forbs, especially rich in vita-
mins, mineral elements, organic acids and other nutrients. For example,
the content of propionic acid in herbs can affect the synthesis of lactose
and protein, although the fiber content in spring is relatively low [16].

In Kyrgyzstan, the mountain steppes are used as pastures mainly in
spring and autumn. The feature of the steppe grass stand is its high nu-
tritional value throughout the growing season. The nutrient content de-
creases as plants progress through developmental phases, but remains
high even in autumn. The protein concentration in plants decreases from
13.2 to 9.1% depending on the growth period. In years with favorable
weather conditions, when precipitation falls and warm weather prevails,
plants exhibit autumn tillering, which leads to a slight increase in their
feed value. Due to the preservation of a high protein concentration (up to
10%), steppe grass is an excellent fattening food for the animals until late
autumn. It is also known that the cinquefoil, which grows on the moun-
tain ranges of Kyrgyzstan, is well eaten by sheep and cattle. In terms of its
chemical composition, it is characterized by a high protein concentration,
which decreases to 18.8% in the flowering phase and to 11.5% at the end
of fruiting [17,18].

The chemical composition of the same plant may vary depending on
the region of growth. Thus, the fescue plant in the phase of fruit shed-
ding in the geological conditions of the Eastern Pamirs contains 7.2%
protein, in the Alai Valley of Kyrgyzstan — 6.0%, while in the pastures of
the fescue-wormwood steppe of the Kyrgyz Tien Shan range the protein
concentration in the same period is already 9.5% and 11.8% in the cereal-
forb meadow-steppe [17]. The high protein content in yak feed, especially
in the spring before the flowering phase, accordingly affects the amount
of protein in milk, which is proven by the results of our research (see
Table 3).

Of all milk proteins, 20% are whey proteins, which are of particular
value, close to the ideal protein and have a number of physiologically
functional properties. Using capillary electrophoresis, we determined the
fractional composition of whey proteins (WP) in yak milk depending on
the season. The data is presented in the Table 4.

Tabular data (Table 4) indicate that there are no significant fluctua-
tions in the quantitative content of individual fractions of whey proteins
in the milk of the Kyrgyz yak in the warm (spring) and hot (July) sea-
sons. Similar results were obtained by scientists for Chinese yak milk
(Maiwa) [11,19]. a-LA and B-LG are the two major fractions of whey
proteins, accounting for 20% and 50% of the total, respectively [20,21].

Table 3. Seasonal changes in the protein composition of yak milk
Ta6nuua 3. Ce30HHBIE M3MeHEeHMsI GeJIKOBOTO COCTaBa MOJIOKa sTYMX, o6uTawiyx B Keipreizckoii Pecrry6ike

. Milk from Kyrgyz yak (own data) Cow milk
Variables, % 5 29
Spring (May) (n=2) Summer (July) (n=2) Average value [22]
Protein 5.66+0.06™ 4.20%0.06° 4.93%0.06 3.37+0.09
Whey protein 2.11£0.3° 1.04+0.1° 1.57%0.2 0.82+0.05
Casein protein 3.52%+0.033* 3.13+0.033" 3.32%0.033 2.57+0.04
Total nitrogen 0.887+0.004* 0.659+0.004" 0.773+0.004 0.528+0.006
Non-protein nitrogen 0.0349+0.003* 0.0348+0.003* 0.03485+0.003 0.0320+0.0030

*Results are presented as arithmetic mean +SD.

both @ and ® occurring in the same line means that the results are significantly different (p < 0.05); n: the number of samples analyzed and computed in the

statistical analysis.

Table 4. Fractional composition of whey proteins in yak milk depending on the season (mg/L of milk)
Ta6m/1ua 4. (I)paK].IMOHHbIﬁ COCTaB CBIBOPOTOYHBIX 0O€eJIKOB STYbEro MOJIOKA B 3aBUCUMMOCTH OT Ce30Ha roga (MI‘/."I MOJ'[OKa)

. . Milk from Kyrgyz yak (own data) Yak milk Cow milk
Whey proteins factions 5 19 19
Spring (May) (n=2) Summer (July) (n=2) Average value [19] [19]
Serum albumin (BSA) 1.27+0.06* 1.06+0.005° 1.165%0.005 1.49 0.41
a-Lactalbumin (a-LA) 1.65+0.008° 1.51£0.007° 1.58+0.007 0.72 1.24
B-Lactoglobulin A (B-LG A) 0.747+0.003* 0.576+0.002° 0.661+0.002 0.74 330
B-Lactoglobulin B (B-LG B) 1.36+0.006° 1.28+0.006° 1.32+0.006 5.49 ’
Lactoferrin 0.09£0.00042 0.07%0.0003? 0.08£0.0004 — —

*The results are presented as the arithmetic mean £SD.

both @ and ® occurring in the same line means that the results are significantly different (p < 0.05); n: the number of samples analyzed and computed in the

statistical analysis.
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B-Lactoglobulin is the main whey protein in the milk of ruminant animals
such as cow and goat [23]. B-Lactoglobulin also dominates in the overall
aggregation and gelation of whey proteins (WP) [24].

It is also known that at different periods of the year the propor-
tion of B-lactoglobulin in the composition of WP may fluctuate. Thus,
in the work of Ostroumov [25] showed that the maximum amount of
B-lactoglobulin is observed in milk of the winter period: January —
61.9%, December — 61.0%. In the summer months (June, July) this
fraction was 57.5-57.8%. A slight decrease in the proportion of the
B-lactoglobulin fraction is noted in the WP of spring milk (March —
50.1%, April — 41.4%, May — 47.7%).

In the milk of Kyrgyz yaks, the average total content of two genetic
variants of B-lactoglobulin (B-LG A and B-LG B) is 1.98 mg/cm?® or 41.25%
of all WP (Table 4). In spring these values reach 2.1 mg/cm® or 41.02%,
and in summer — 1.86 mg/cm?® or 41.4%. That is, in contrast to cow’s milk,
in Kyrgyz yak milk there are no noticeable fluctuations in the content of
B-lactoglobulin according to the seasons of the year.

At the same time, a significant difference was found between the con-
tent of B-LG B in the WP of Kyrgyz and Chinese yak milk (Table 4). The
milk under study contains approximately 3.15 times less of this fraction
than Chinese yak milk. Further research is needed to explain this phe-
nomenon.

In the milk we studied, the ratio of the amounts of B-LG A and B-LG B
in spring and summer was 1:1.8 and 1:2.2, respectively. The ratio of the
amount of B-lactoglobulin and a.-lactalbumin was on average 1:1.25. The
work [26] presents the results of a study of seasonal fluctuations in the
amount of B-lactoglobulin in milk of khainak (hybrid of yak and cattle).
It has been established that the ratio B-LG A/B-LG B in spring, summer
and autumn is 1:2.5, 1:1.9 and 1:1.5, respectively, which indicates the de-
pendence of the content of these fractions in milk on the season. Similar
changes also occur in cow milk depending on the milk protein genotype,
stage of lactation, feeding, etc. [24,26—-29].

Lactoferrin is a minor protein and it has bactericidal properties against
E. coli. In the milk studied, its content averages 0.08 mg/cm? (Table 4),
which is comparable to cow milk [25]. In the milk of the Chinese yak Mai-
wa, the content of lactoferrin ranges from 0.144 to 0.180 mg/cm?® [30],
which is 1.8-2.3 times higher than in the milk of the Kyrgyz yak, which is
most likely due to differences in the feeding diet of the animals.

The identified seasonal fluctuations in protein content in Kyrgyz yak
milk may also affect its biological value, which is determined by the amino
acid profile. In this regard, we studied seasonal changes (qualitative and
quantitative) in the amino acid composition of milk proteins of yak ani-
mals living in the mountainous regions of Kyrgyzstan. The obtained data
(in comparison with known ones) are given in the Table 5 and in Figure 1.

The results showed (Table 5) that the total content of amino acids (es-
sential and non-essential) in the spring is slightly higher (p<0.05) than
in the summer, which is consistent with the protein content in the stud-
ied time periods. Moreover, among the essential amino acids, the sum of

leucine-isoleucine has the highest content, the average value of which
was 927.45 mg/100 g of milk, which is 1.4 times more than in Chinese yak
milk, and 2.15 times higher than in cow milk. Among the non-essential
amino acids, we can highlight proline and glutamic acid, the content of
which is also quite high in the spring and summer. Moreover, in spring
there is almost 2 times more glutamic acid than in summer. The increased
content in spring milk compared to the summer period is also typical for
other amino acids (Table 5). Thus, the average content of amino acids in
the milk of yak from Kyrgyzstan (our own research) is 5850.81 mg/100 g
of milk, while the milk of yak grazing on the highland pastures of China
contains 4700 mg of amino acids per 100 g of milk [11], and in cow milk —

2]
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Figure 1. Electropherograms of amino acid analysis of yak
milk proteins in Spring: a — Arg, Lys, Tyr, Phe, His, Leu+lIle,
Met, Val, Pro, Thr, Ser, Ala, Gly; b — Trp
PucyHok 1. dnekrpodoperpaMmmbl aMMHOKUC/IOTHOTO aHA/IN3a GE/IKOB
STYbET0 MOJIOKA B BeceHHMI iepuon, (a — Arg, Lys, Tyr, Phe, His, Leu+Ile,
Met, Val, Pro, Thr, Ser, Ala, Gly; b — Trp)

Table 5. Seasonal changes in the content of amino acids in the Kyrgyz yak milk (mg of AA/ 100 g of milk)

Tabnuua 5. Ce30HHbIE M3MEHEeHUsI CONeP)KaHNsI AMUHOKUCIOT B MOJIOKE STYMX KBIPIBI3CKOM momyssiiyy (Mr Ha 100 r Mosioka)

Milk from Kyrgyz yak (own data)

Variables .
Spring (May) (n=2)

3095.46

Summer (July) (n=2)

Total essential AA 2475

Threonine 326.1£19.57¢ 255.2£15.31°
Valine 371.0+22.26* 252.4+15.14°
Methionine 203.5+12.212 172.7+10.36"
Lysine 593.7+35.59° 465.7+27.94°
Phenylalanine 348.9+20.93° 298.7+£17.920
Histidine 195.1+£11.712 161.2+9.67°
Leucine-Isoleucine 1010.0+60.6* 844.9+50.69"
Tryptophan 47.16+2.83* 24.2+1.45°

Total nonessential AA 3094.5 2626.47

Arginine 265.1+15.91® 208.8+12.53°
Serine 360.8+21.65° 291.5+£17.49°
Alanine 247.9+14.87° 291.5+17.49°
Proline 847.5+50.85* 745.5+44.73>
Glysine 121.2+7.27° 112.8%6.77°
Tyrosine 349.3+£20.96° 293.4+17.60°
Aspartic acid 411.2+24.67¢ 214.8+12.89°
Cysteine 38.80+2.332 27.97+1.68°
Glutamic acid 863.9+51.83* 440.2+26.41°
Total AA 6189.96 5101.47

Yak milk Cow milk

Average value [6] [6]

2785.23 1950 1380
290.65 190 150
311.7 260 160
188.1 110 60
529.7 380 270
323.8 220 160
178.15 120 100
927.45 670 430
35.68 — 50

3065.58 2750 1950
236.95 160 110
326.15 230 160
269.7 140 100
796.5 460 320
117.0 120 60
320.85 220 150
313.0 330 260
33.38 40 20
652.05 1050 770

5850.81 4700 3330

both @ and ® occurring in the same line means that the results are significantly different (p < 0.05); n: the number of samples analyzed and computed in the

statistical analysis.
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3330 mg/100 g. Similar studies of khainak milk, a hybrid of yak and cattle,
were carried out by Elemanova [26]. The results of the analysis of the ami-
no acid composition of milk depending on the season of the year showed
that the amount of some amino acids does not depend on the season,
however, in the warm season the content of most essential amino acids
was higher than in the cold season.

According to FAO/WHO recommendations, the biological value of pro-
teins is determined by the balance of each essential amino acid in rela-
tion to their content in an ideal protein [31]. Deficiency of any amino
acid in the body limits the use of all other amino acids in the process of
protein biosynthesis. To determine the biological value of yak milk pro-
teins, their amino acid composition was assessed in relation to the “ideal”
protein (Table 6).

Table 6. Assessment of the amino acid composition of Kyrgyz yak
milk proteins in relation to the “Ideal” protein
Ta6m/ma 6. OHEHKa aMMHOKMCIOTHOIO COCTaBa 6e/IKOB MOJIOKa STYMXU
KBIPIbI3CKOJi MOMY/ISIINMY 10 OTHOIIEHMIO K «MIeaIbHOMY» GeJIKy

Essential amino acids, g/100 g of protein

¥
)
] £ =]
Variables = E E o o +¥ &
=) 5 s £ g5 &
E ¢ £ ¢ PE 2 E% ¢
] g = =1 0 B o O
- = - o= %) ==
< 2 g =B 2 28 g:
= > = = EE T S8 B
Ideal protein,
¢/100 g of protein 31 43 27 57 52 20 98 085
Average amino acid
content, g /100 g of 59 63 38 10.7 13.08 3.6 18.8 0.7
protein, (own data)
Amino acid score, % 190 146 141 188 252 180 192 82

Among the essential amino acids, phenylalanine+tyrosine and
leucine+isoleucine have the highest amino acid scores — 252% and 192%,
respectively. The limiting amino acid is tryptophan with a rate of 82%.
The content of other essential amino acids in yak milk proteins exceeds
100% (141-190%).

Essential amino acids do not only act as building blocks for tissue
protein, but are also precursors to glucose, participate in urea synthesis
and other metabolic processes. New physiological functions of branched
chain amino acids have been discovered [32]. They are involved in the
synthesis of nitrogenous compounds that regulate glucose metabolism,
the synthesis of lipids and proteins. Many amino acids are the essential
ingredients in the synthesis of compounds, being suppliers of nitrogen
and carbon [33]. Phenylalanine is necessary for the normal functioning
of the central nervous system and is involved in the formation of neu-
rotransmitters such as norepinephrine, adrenaline and dopamine [34].
It is also necessary for the synthesis of tyrosine. And with a deficiency
of the precursor substance, a corresponding deficiency of tyrosine oc-
curs. In turn, tyrosine is a precursor of catecholamines, converted into
dopamine by L-Dopa (a direct precursor of dopamine) and the enzymes
tyrosine hydroxylase (TH) and aromatic L-amino acid decarboxylase, and
into norepinephrine by dopamine B-hydroxylase. Insufficient intake of

phenylalanine and tyrosine from protein foods subsequently leads to
neurocognitive disorders of the human nervous system [35]. Leucine
enhances protein synthesis, so consumption of this amino acid is often
recommended for people with protein deficiency. Studies have shown
that supplemental leucine improves protein balance during fasting, and
consumption in the fasted state improves nitrogen balance [36]. Isoleu-
cine, like leucine, is not only a structural unit of tissue protein (which
accounts for 35% of essential amino acids in muscles), but also performs
other metabolic functions, in particular it is a building material for ke-
tone bodies and glucose. Thus, this amino acid regulates blood sugar lev-
els. Isoleucine is involved in the process of hemoglobin synthesis [37].
Together, these two amino acids (leucine and isoleucine) regulate basic
metabolic processes, which is especially important in diseases such as
diabetes, heart failure and cancer [38].

Thus, the nutrient composition of grasses growing in different moun-
tain regions significantly influences the amino acid profile of yak milk. The
results of the analysis of the amino acid composition of milk depending
on the season of the year showed that the content of amino acids depends
on the time of year, and their content is higher in spring than in summer.

4. Conclusions

It has been established that the composition of milk from yaks living
in different regions of the world varies slightly. Meanwhile, the milk of
Kyrgyz yak contains more protein (5.66%) compared to the milk of the yak
of Tibet, Tuva, Altai and Mongolia (4.95; 4.55; 5.3 and 5.31%, respective-
ly) with a corresponding increase in the content of all studied amino ac-
ids, which is associated with the composition of feed, with the set of flora
corresponding to each region, and the phenology of a plant vegetation.

However, the mass fraction of fat in the studied milk is noticeably low-
er (5.4%) than in the milk of animals living in a number of other regions
of the world.

The mass fraction of lactose and dry substances in the comparison
objects and in the milk of Kyrgyz yaks does not differ significantly.

Research has shown that yak milk in the spring contains more pro-
teins, including whey proteins (5.66+0.06% and 2.11+0.3%, respectively)
than summer milk (4.2£0.06% and 1.04+0.1%), which is apparently due to
seasonal changes in the nutrient composition of grasses.

There were no significant deviations in the fractional composition of
whey proteins in yak milk obtained at different times of the year. The
ratio of the amount of B-LG A and B-LG B in spring and summer was 1:1.8
and 1:2.2, respectively. The ratio of B-lactoglobulin and a-lactalbumin is
1:1.25 on average.

The total content of amino acids in the Kyrgyz yak milk is notice-
ably higher in a spring (6189.96 mg/100g) than in a summer (5101.47
mg/100g). The results of determining the health benefits of yak milk pro-
tein showed that the limiting amino acid is tryptophan (score 82%), the
remaining essential amino acids had a score above 100% (141-190%).

One of the most important factors influencing seasonal changes in the
amino acid profile of Kyrgyz yak milk is, most likely, the qualitative and
quantitative content of nutrients in the feeding ration of these animals.

The results of our research serve as further evidence of the high nutri-
tional and biological value of milk obtained from the yaks of mountain-
ous regions of the Kyrgyz Republic, which makes it possible to produce
multifunctional dairy products from such raw materials.
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INCREASING THE CONTENT OF FIBER AND MINERALS IN GNOCCHI
WITH ADDED DRAGON FRUIT PEELS AS SUBSTITUTION OF INGREDIENT
FOR IMPROVEMENT OF FOOD PRODUCT QUALITY AND HUMAN HEALTH
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KEY WORDS: ABSTRACT

Hylocereus undatus, Gnocchi is a type of homemade pasta made from potatoes, flour and eggs. Improving food product quality in terms of nutri-
nutrition, pasta, tion in gnocchi products it is possible now also use food waste. In addition to improvement of food product quality and hu-
zero hunger man health, the addition of dragon fruit peel, which is considered as waste, can provide reasonable solutions or ideas about

recycling of food waste. In this study, the produced food product was gnocchi with addition of by-product — dragon fruit peel,
which was tested for fiber content and content of the following minerals: iron, potassium, calcium. The data obtained were
then analyzed statistically by the SPSS program to determine the effect of variation using the T-test. Based on the results of
the study it was concluded that the content of dietary fiber of dragon fruit peel in the sample of gnocchi denoted as F3 fea-
tured the highest water-soluble dietary fiber content with a score of 1.33%, water insoluble dietary fiber content with a score
of 1.86%. and total dietary fiber content with a score of 3.19%. This also shows that the more dragon fruit peel is added, the
higher is the total dietary fiber content in gnocchi with addition of dragon fruit peel. This high dietary fiber will be beneficial
to humans, especially good for the digestive system. Meanwhile, the mineral content of gnocchi with dragon fruit peel also
showed that the F3 sample had the highest mineral content, in particular — iron (Fe) in amount of 1.886 mg/100 g, potassium
(K) 6.179 mg/100 g, and calcium (Ca) in amount of 25.339 mg/100 g. This also shows that the addition of dragon fruit peel is
useful for improvement of human health and the quality of food product, i. e. gnocchi by increasing the total content of dietary
fiber and improving the mineral composition of gnocchi due to addition of dragon fruit peel.
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Hylocereus undatus, HbOKKM, MM KIeLKY — 3TO Pa3HOBUAHOCTD JOMAIITHEe MacThbl, TPUTOTOBIEHHOI 13 KapTodess, MyKU U STuLl. YIyJIInUTh Ka-
numaHue, MakapoHsl, — YeCcTBO MUIIEBBIX IPOLYKTOB, @ B YACTHOCTY — HBOKKM, B IIJIAHE UX IIUTATETbHOCTY TeIlepPb MOXKHO ¥ C TOMOLIBIO T060YHBIX
Hyn1e801i 207100 MIPOJLYKTOB, TIPU TepepaboTKe APYroro BUAA ChIpbsi. [IOMMMO Y/IyuIlIeH!Us] KaueCTBa MUILEBbIX MPOLYKTOB U TOALEPKaHMUS

3I0POBbsSI UeJIOBEKa, A0OaBIeHe KOXYPbl TUTaxaiiu (4paroHGpyT, IpakoHbero GpyKra), KOTOPble CYNTAIOTCS TTOOOYHBIMU
MPOAYKTAMM MPU MepepaboTKe JaHHOTO PPYKTA, MOXKET CTaTh Pa3yMHBIM PeIleHMeM WU 1eeli 1o ee epepaboTke. B maH-
HOM MCCJIeIOBAHUY TTPOV3BEI€HHbIN MUIIEBO MPOAYKT MPEACTABISII CO607 HbOKKM C 106aB/IeHIeM TOGOYHOTO ITPOAYKTa —
KOXKypBbI MMUTaxaiy, KOTOIbIV 3aTeM IOJBeprajcs aHaau3y Ha cofepykaHMe KJIeTYaTKM U CIeHyIoIIMX MUHepPasoB: Keje3a,
Kaausi, Kaiblyst. [lomyuyeHHbIe TaHHbIe 3aTeM MOIBePraanch CTAaTUCTUUECKOMY aHaIM3y C UCII0/Ib30BaHMeM IporpaMmbl SPSS
ISt oripenenieHust addexTa Bapualmu ¢ momoiibio T-Tecra. [To pe3ynbraTam uccaeJoBaHMsI 6bUT CIeTaH BbIBOJ, UTO COAEPIKa-
HIM€e TIMIIEBBIX BOJIOKOH KOXKYPbI IpaKOHbero GppykTa B 06pasiie HbOKKM, 0603HaUeHHOM Kak F3, xapakTepn30BasoCh CaMbIM
BBICOKVM COJIep’KaHMeM BOAOPACTBOPMMBIX IMUILEBBIX BOJIOKOH, paBHBIM 1,33%, comepykaHneM BOJOHEePacTBOPUMBIX MHIIe-
BBIX BOJIOKOH, paBHbIM 1,86%, 11 06IIMM COepsKaHMEM ITUIIEBbIX BOJIOKOH, paBHbIM 3,19%. ITO Takke [TOKa3bIBAET, UTO YEM
6osbliie 106aBIIIETCS KOXKYPBI IUTaXaiiu, TEM BbIlle CTAHOBUTCS 00IIiee CoiepskaHe MUIIEBbIX BOIOKOH B HbOKKU, IIPUTOTOB-
JIEHHBIX € J0OaBIeHEM KOXKYPBI Taxaiu. Takoe BLICOKOE COMepsKaHe KIeTUaTKM OyIeT MoNIe3HO IJIs uesioBeka, 0CO6eHHO
TI07Ie3HO 151 MUIIeBapPUTENIbHONM cucTeMbl. MeXIy TeM, cofepskaHue MUHePaJIbHBIX BeleCTB B HbOKKM, TPUTOTOBIEHHBIX
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the content of fiber and minerals in gnocchi with added dragon fruit peels as sub- ~ VBennueHue comep>kaHusI KJI€TYaTKM M MUHEPAJIOB B HbOKKY C HOOaBIeHMEM KO-
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¢ mobaBiieHyeM KOKypBI ITMTaxaiiy, TakKe M0Ka3ajo, yTo obpaser 1og o603HayeHneM F3 yimern caMoe BBICOKOe CoiepskaHue
MMHepasioB, B yacTHOCTU — xeine3a (Fe) B konuuectBe 1,886 Mr/100 r, kanug (K) B konnuectse 6,179 mr/100 1, u Kanbuus
(Ca) — 25,339 mr/100 r. 3TO TaKkKe MOKA3bIBAET, UTO J0OaBIEHNE B TPOAYKT KOKYPbI IIUTAXAM YIydIIaeT 340POBbe Ye0BeKa
M TIOBBILIIAeT KAUueCTBO MUILEBbIX TPOIYKTOB, 3TO 3Ke OTHOCUTCSI ¥ K HbOKKM 32 CUeT YBeIMYeHMsI 001Iero ComepsKaHus ulle-
BBIX BOJIOKOH 1 Y/TyUIlIeH)s] MMHEPalTbHOTO KAUeCTBEHHOTO COCTaBa 3a CUeT 0OaBIeHNUS KOXKYPbI IUTaxXain.

BJIATOOAPHOCTbD: Msi 6rmaromapum LPPM Akademi OTTIMMO 3a mopjiepskKy B MPOBeIEeHUM 3TOTO MccienoBaHust u gaboparopuio OTTIMMO
Academy Lab 3a mpefocTaBieHyie BO3MOKHOCTY, pa3pelnieHysi, MecTa M MOAAEepsKKH /ISl peann3aluu 3TOTO MCCIefoBaHus. Mbl Takke Garogapum
Jalan Tengah, Uunonesus (http://jalantengah.site/) 3a pemakTupoBaHMe PyKOMIUCH.

1. Introduction

Food waste is a concept of the final stage of the food chain. It is ob-
tained at stages of the distribution, retail, it’s processing at household
or restaurant. We need to start analyzing the need to manage waste ra-
tionally and intelligently with the aim of reducing the risk of lowering
down the comfort of life [1]. It is estimated that the world discards more
than 1 billion tons of food waste, which is one third of the annual food
production [2]. One of the negative contributions to the environment
comes from food waste, which can cost society and households a great
deal of money [3]. Household food waste is caused by poor practices of
food handling [4]. The main challenge in solving the food waste problem
is the lack of knowledge, analysis and solution methods [5]. Other studies
have shown that moral principles can directly influence patterns of food
disposal behavior, eating habits, food consumption patterns, knowledge
or ideas about food recycling [6].

There is a study that considers the types of food that are often thrown
away by students at least once a week, shows the percentage of each type
of food consisting of fruits, vegetables, and bread (perishable food) [7].
Waste disposal of different types of vegetables and fruits is an activity
that is often practiced in food processing production [8]. The recycling
of fruit and vegetable waste (FVW) is a major challenge due to its dam-
age-sensitive nature and heterogeneity [9]. As a food ingredient, fruit
and vegetable waste is readily available, inexpensive, and facilitates the
improvement of the environmental situation by reducing the volume of
waste via its processing [10].

Food waste is a problem that needs to be solved in addition to edu-
cation, one of which is to conduct research on the reprocessing of food
waste produced by the consumers. The processing of food waste generally
aims to provide positive impact on the global community. One type of
fruit that has food waste potential is dragon fruit; the outer part or skin of
dragon fruit, which is quite large and heavy, is simply discarded without
further processing [11].

Dragon fruit [Hylocereus spp.], an exotic fruit originating from South
America. Dragon fruit belongs to the Cactaceae family and is a popular
fruit in Asia with high nutritional content [12,13]. The total calorie count
of dragon fruit is very low compared to other fruits. In addition, dragon
fruit also provides a high amount of various minerals, including potassi-
um, magnesium, calcium, iron, copper, and contains vitamins, especially
vitamin C, biotin, K1, and D [14].

There are five main species that are distinguished based on the char-
acteristics of the fruit, specifically I) H. undatus with white flesh and pink
skin, IT) H. polyrhizus, red flesh and pink skin, I1T) H. costaricencis and
red-purple flesh and pink skin, IV) H. guatemalensis with red flesh and
reddish-orange skin, and the last one V) H. megalanthus white flesh and
yellow skin. Dragonfruit flesh peculiar feature are black speckled seeds
that can be eaten. Other characteristics of dragon fruit are that it has a
sweet taste, is high in nutrients such as soluble sugars, protein and min-
erals such as potassium, magnesium and calcium [15,16].

Dragon fruit is one of the exotic fruit species that has received rela-
tively little research in the food and pharmaceutical industries. However,
the regeneration system of red dragon fruit or H. polyrhizus is highly ef-
ficient [17]. Consumers are very interested in dragon fruit because of its
unique shape and resistance to the threat of drought, so it is known to be
high in nutrients. The polyphenols are extracted from dragon fruit peel in
the production of dragon fruit peel juice and puree [18].

Pitaya or dragon fruit is a plant that has an exotic color, nutrients and
antioxidants that are very good, while the skin contains betalain, flavo-
noids and phenols that are a good source of extracts for human health.
The color of dragon fruit peel waste and flesh has pigment of stable
strength, containing in particular with betalain, which contains nitrogen
composed of betacyanin and betaxanthin [19]. Betalain pigment in drag-
on fruit is useful because it contains a lot of polyphenols, vitamins, sug-
ars, amino acids, and has natural elements that are used for maintenance
of health because it contains betalain pigment [20,21]. Red dragon fruit
peels (H. undatus) is very effective when used, and the extract contains
nutritional phytochemical components and also has antioxidant activity

[22,23]. Dragon fruit peel can add value to the industry as the extract from
red dragon fruit peel [24].

Dragon fruit peel waste can be recycled into various types of food. Re-
cycling is not only used for processing the food wastes, but also for adding
nutritional value to a food. Several studies have found out how to trans-
form dragon fruit peels into dessert pies, nata, and cookies [11,25,26].
The type of utilization of dragon fruit peels waste for savory food has
also been studied, especially dragon fruit peels processed into meatballs,
chicken nuggets, and tempe [27,28,29]. Dragon fruit peel has potential as
a source of purplish red color with moderate antioxidant activity for food
decoration [30]. One of the inspiring studies on the addition of dragon
fruit peel is the use of dragon fruit peel in noodles [31]. From previous
studies, it can be concluded that dragon fruit peel can be recycled into
various products. One of the foods that can be used as an innovation is
dragon fruit peel gnocchi noodles.

Pasta is a delicious favorite and signature dish of many of the world’s
most famous chefs, and a comfort food for millions of people worldwide.
Pasta is often referred to as a fattening food, so it is necessary to for-
mulate a functional pasta that possesses functional properties and nu-
tritional value. Different formulations of pasta have been developed to
improve its nutritional profile [32,33]. Gnocchi pasta is one of the most
popular and appreciated Italian dishes, gnocchi is also often called as
potato-based pasta [34,35].

There are different types of gnocchi innovations, one of which is the
addition of orange-fleshed sweet potatoes to make it an interesting in-
novative food product [36]. Gnocchi are made of potatoes, flour, eggs and
salt. It is made by boiling whole raw potatoes, then mashing them and
finally mixing them with other ingredients. The dough is then formed
into small pieces with the typical shape of gnocchi. Finally, the gnocchi
are cooked using the method of boiling. The quality of gnocchi is usually
judged by its color, cooking quality and texture. Cooked gnocchi should
remain firm and not lose any solids into the cooking water, and should
not become sticky when left to rest a little after cooking [35].

In Using dragon fruit peel in gnocchi food products apart from reduc-
ing fruit waste and turning the food ingredients into new products in
such a way that the product will have a higher usability; the main focus
of dragon fruit peel gnocchi processing is to produce products with better
content of fiber and minerals. In addition, this study aims to determine
the effect of dragon fruit peel substitution on fiber and minerals iron,
potassium, calcium in gnocchi.

2. Objects and methods

The making of dragon fruit skin gnocchi is carried out in the Akademi
Kuliner dan Patiseri OTTIMMO Internasional Kitchen Lab while the nu-
tritional analysis of dragon fruit skin gnocchi was carried out at the Nu-
trition Laboratory, Faculty of Public Health, Universitas Airlangga, Sura-
baya, Indonesia using international standard tests.

2.1. Ingredients for making dragon fruit peels gnocchi
The ingredients used in the manufacture of dragon fruit peels gnocchi
is shown in Table 1.

Table 1. Gnocchi formulation
Ta6auua 1. CoctaB HbOKKM

Ingredients 100F°/::0% 90‘%5 :210% 80‘%1): :5;0%
Potato 500g 450 g 400 g
All purpose flour 125¢ 125¢ 125¢
Parmesan chesse 50g 50g 50g
Salt 3g 3g 3g
White peper 1lg lg 1g
Egg 50g 50g 50g
Gragon fruit peel 0 50g 100 g
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2.2. Methods for making dragon fruit peels gnocchi

This study is experimental research, where the object to be studied
is deliberately made by conducting real experiments in the real life en-
vironment with the intention of seeing the results of the processing.
In this study, the food being produced was dragon fruit peel gnocchi,
which was tested for fiber content and minerals iron, potassium, cal-
cium. The processing used was the addition or substitution of potatoes
with dragon fruit peel at various ratios, specifically 100%:0%, 90%:10%
and 80%:20%. The gnocchi cooking process consists of steaming and
then mashing the potatoes, smoothing the dragon fruit peel, mixing
all the ingredients, forming the dough, boiling the dough and finally
resting the gnocchi. The gnocchi were also tested for fiber and mineral
content.

2.2.1. Fiber content measurements dragon fruit peels
waste gnocchi

According to Stelmock et al. [37], the Van Soest method of acid deter-
gent fiber (ADF) analysis is as follows: 1) Weighing (OHAUS Pioneer PX
2202 E, Shanghai, China) the dragon fruit peel gnocchi sample weigh-
ing of 0.3 gram then was placed in a 50 mL test tube; 2) Adding 40 mL
of ADF solution then closing the test tube tightly; 3) Cooking in boiling
water for 1 hour; 4) Filtering with sintered glass of known weight while
sucking with a vacuum pump; 5) Washing with approximately 100 mL of
boiling water until the foam disappears, and washing with 50 mL of alco-
hol; 6) Baking (Memmert UN55, Germany) at 100 °C for 8 hours or leave
overnight; 7) Cooling in a desiccator (DURAN NOVUS NS24/29, Germany)
approximately one hour after weighing [37].

The Van Soest acid detergent fiber method can also be used to deter-
mine the fiber content in shellfish chitin, the results show that chitin
is a significant fibrous fraction. In the research method before analy-
sis, tanner crab meal (TCM) samples were separated by 40-mesh sieve
(US equivalent of a Tyler Standard sieve) into two fractions, coarse
(>40-mesh) and fine (<40-mesh) (6), and these two fractions were com-
pared with the standard commercial TCM. Total nitrogen was deter-
mined on shellfish meal samples before and after ADF analysis with an
automatic continuous flow methodology in an auto analyzer II system
(8, 20). Crude protein contents for shellfish meal substrates were cor-
rected for chitin nitrogen based on 6.7% nitrogen (N) in chitin. Percent
chitin ADFmethods of analysis were calculated as: (A = 100(B - C)/D)
where: A = percent chitin; B = oven dry weight of residue; C = residual
ash weight; D = original dry sample weight [37].

2.2.2. Mineral content measurements in the dragon fruit

peels gnocchi

Mineral concentration is an important value to determine the nutri-
tional quality of a food. In this study, the levels of iron, potassium and
calcium were determined using the AAS method. The advantages of the
Atomic Absorption Spectrometer (AAS) (230ATS AAS Buck Scientific,
USA) method are high sensitivity, good accuracy, low cost and relative
simplicity. The principle of testing the content of minerals by AAS is the
absorption of light by free atoms in the gas phase. The concentration of
the analyte is determined by the amount of light absorbed at a specific
wavelength. The solid sample of gnocchi is crushed finely to form Food
Matrix infant formula. AAS provides high sensitivity, good precision, low
cost, relative simplicity [38].

2.3. Data processing and statistical analysis

All data were obtained using a randomized design and then statis-
tically analyzed using the SPSS19.0 program to determine the effect of
variation using the T-test.

3. Results and discussion

3.1. Fiber content

Dietary fiber is identified based on its composition, analysis, and
physiological activity [39]. Total dietary fiber consists of soluble dietary
fiber and insoluble dietary fiber [40].

3.1.1. Level of water-soluble food fiber content of dragon
fruit peels gnocchi

The results analysis of the water-soluble food fiber content on dragon
fruit peels gnocchi are shown in Table 2.

Based on Table 2, the average content of water soluble food fiber in
all samples was 1.21%, while sample F3 had the highest water soluble
food fiber content in amount of 1.33%. After obtaining the data from the
laboratory tests, the data were analyzed using the T-test at p<0.05. The
results obtained were significantly different for the samples F1, F2 and F3
indicated by the Sig value, which is less than 0.05.

Table 2. The results analysis of the water soluble food fiber content
on dragon fruit peels waste gnocchi
Ta6muua 2. Pe3ysbTaTsl aHaIN3a Ha coAepykaHue BOgOpPacTBOPMMOii
1'[14]1[930171 KJIeTUaTKM B HbOKKH, IIPUTOTOBJIEHHBIX C IlOﬁaBJ'leHI/IeM KOJXXYpPbI

nuTaxainu
Sample Water Soluble Food Fiber (%)
F1 1.09
F2 1.21
F3 1.33

Note: Different superscript numbers in the same column indicate significant
differences (o = 5%).

3.1.1. Content of water insoluble food fiber content of dragon fruit

peels gnocchi

The results of the analysis of the water-soluble food fiber content on
dragon fruit peels gnocchi are shown in Table 3.

Table 3. The results of analysis of the water insoluble food fiber
content on dragon fruit peels waste gnocchi
Tabnuia 3. Pe3y/bTaTsl aHAIM3a HA COAEp)KaHue HepacTBOPIMOIt
B BOoJ€e NMUNIIEBON KJIeTYaTKN B HbOKKU, IIPUTOTOBJIEHHBIX
C Ko6aB/IeHreM KOXKYPbI IuTaxaiu

Sample Water insoluble food fiber (%)
F1 1.67
F2 1.75
F3 1.86

Note: Different superscript numbers in the same column indicate significant
differences (o = 5%).

Based on Table 3, the average content of water insoluble food fiber in
all samples was 1.76%, while sample F3 had the highest water insoluble
food fiber content in amount of 1.86%. After obtaining the data from the
laboratory tests, the data were analyzed using the T-test at p<0.05. The
results obtained were significantly different for the samples F1, F2 and F3
indicated by the Sig value, which is less than 0.05.

3.1.2 Total food fiber content in dragon fruit peels gnocchi
The results of analysis of the total food fiber content in dragon fruit
peels gnocchi are shown in Table 4.

Table 4. The results of analysis of the total food fiber content
on dragon fruit peels gnocchi
Ta6nuua 4. PesyibpraThl aHaau3a Ha obLiee coJepskaHue MUIIeBOii
KJIeT4YaTKM B HbOKKH, IIPUTOTOBJIEHHBIX C ZlOﬁaBI[eHI/IeM KOJXYPbI nuTaxammu

Sample Total Food Fiber (%)
F1 2.76
F2 2.96
F3 3.19

Note: Different superscript numbers in the same column indicate significant
differences (o = 5%).

Based on Table 4, the average total food fiber content of the total sam-
ple was 2.97%, where sample denoted as F3 has the highest total food
fiber content in amount of 3.19%.

Red dragon fruit or commonly called H. polyrhizus has a skin that is
generally disposed of as waste; the skin has a relatively large weight,
which is about 22% of the total weight of the red dragon fruit. The total
dietary fiber contained in red dragon fruit peel waste has a very high per-
centage of about 69.3%, among them 14.82% soluble dietary fiber (SDF)
and 56.50% insoluble dietary fiber (IDF) [41]. Dietary fiber is the portion
of plant material in foods that is resistant to enzymatic digestion [42]. In
addition, dragon fruit peel is a natural functional food ingredient that has
a relatively high total dietary fiber, so the more it is used, the higher the
fiber content of dragon fruit peel gnocchi is. After obtaining the data from
the laboratory tests, the data were analyzed using the T-test at p<0.05.
The results obtained were significantly different for the samples F1, F2
and F3 indicated by the Sig value, which is less than 0.05.

In red dragon fruit, fiber has an inherent pigment called betacyanin
that gives a distinctive red color [43]. In humans, dietary fiber can also
aid intestinal motility, increase insulin sensitivity, and increase satiety,
allowing people to reduce their overall energy intake [44]. The coloring
of foods not only provides a pleasant color, but also enhances the attrac-
tiveness and gives the product its natural value [45]. The beneficial effect
given by dietary fiber, when consumed, will help fight diseases, while be-
ing non-carbohydrate components [46]. The high fiber content may func-

101



Rahmah L. et al. | FOOD SYSTEMS | Volume 7 No 1 | 2024 | pp. 99-104

tion to facilitate bowel movements in human bodies [47]. The beneficial
properties of soluble dietary fiber have been attributed to its important
role in human physiological functions consisting of lowering cholesterol
levels, lowering blood pressure levels, preventing gastrointestinal prob-
lems, protecting against some cancers, increasing the bioavailability of
minerals, and many others. Dietary fiber has a potential functional role
in regulating physical and human health [40,48]. In general, foods rich in
dietary fiber have a low glycemic index (GI). Foods with a low glycemic in-
dex and high fiber content benefits for the human health such as reducing
postprandial glucose, improving insulin responses, improving lipid pro-
files and reducing insulin resistance. In addition, the daily diet of normal
people (non-diabetics) with the consumption of carbohydrate-rich foods
that are high in fiber and low in GI may protect against several diseases
such as diabetes mellitus and cardiovascular diseases [49].

3.2. Minerals content
Dragon fruit peels gnocchi were tested for content of minerals — iron,
potassium, calcium.

3.2.1. Content of iron (Fe) in dragon fruit peels gnocchi
The results of analysis of the iron (Fe) content in dragon fruit peels
gnocchi are shown in Table 5.

Table 5. The results of analysis of Fe content
in dragon fruit peels gnocchi
Tabmuiia 5. Pe3ysnbraThl aHaau3a Ha coaepykaHue xenesa (Fe) B HbOKKM,
IIPUTOTOBJIEHHBIX C JOGABI€HMEM KOKYPbI IUTaXaiu

Sample Iron (Fe) Content (mg/100 g)
F1 1.759
F2 1.797
F3 1.886

Note: Different superscript numbers in the same column indicate significant
differences (o = 5%).

Based on Table 5, the average content of iron (Fe) in all samples was
1.814 mg/100 g, where sample F3 had the highest Fe content in amount of
1.886 mg/100 g. After obtaining data from laboratory tests, the data were
analyzed using T-test at p<0.05. The results obtained were significantly
different for the samples F1, F2 and F3 indicated by the Sig value which
is smaller than 0.05. The dragon fruit peel sample featured the concen-
tration of fatty iron (Fe) of 273,955 ppm. Iron is an essential nutrient for
humans, especially for women between the ages of 14 and 50, pregnant
women, and infants in the first months of life who need to get an ad-
equate supply of iron [50,51].

3.2.2 Content of potassium (K) in dragon fruit peels gnocchi
The results of analysis of the potassium (K) content \in dragon fruit
peels X gnocchi are shown in Table 6.

Table 6. The results analysis of potassium (K) content
in dragon fruit peels gnocchi
Ta6muua 6. PesyibraThl aHanu3sa Ha cogepykanne Kanus (K) B HbOKKwY,
IIPUTOTOBJIEHHBIX C JOGABI€HMEM KOKYPbI IUTaXaM

Sample Potassium (K) Content (mg/100 g)
F1 5.764
F2 5.888
F3 6.179

Note: Different superscript numbers in the same column indicate significant
differences (o = 5%).

Based on Table 6, the average content of potassium (K) in all samples
was 5.944 mg/100 g, while sample F3 had the highest potassium content
in amount of 6.179 mg/100 g. After obtaining the data from the laborato-

ry tests, the data were analyzed using the T-test at p<0.05. The results ob-
tained were significantly different for the samples F1, F2 and F3 indicated
by the Sig value, which is less than 0.05. In dragon fruit peel, the element
with the highest concentration is potassium at rate of 1081 ppm. Potas-
sium is very important for maintaining water content and acid balance in
the body, therefore dragon fruit peel is a good source of potassium [50].

3.2.3 Content of calcium (Ca) in dragon fruit peels gnocchi
The results of analysis of the calcium (Ca) content in dragon fruit
peels gnocchi are shown in Table 7.

Table 7. The results of analysis of calcium (Ca) content
in dragon fruit peels gnocchi
Ta6nuua 7. Pe3yibTaThl aHaaIU3a Ha cogepykaHue Kaiabuys (Ca) B HbOKKM,
IIPUTOTOBJ/IEHHBIX C ZloﬁaBJIeHI/IEM KOJXYPBbI nuTaxamm

Sample Calcium (Ca) Content (mg/100 g)
F1 23.638
F2 24.148
F3 25.339

Note: Different superscript numbers in the same column indicate significant
differences (o = 5%).

Based on Table 7, the average calcium (Ca) content in all samples was
24.375 mg/100 g, while sample F3 had the highest calcium content in
amount of 25.339 mg/100 g. After obtaining data from laboratory tests,
the data were analyzed using the T-test at p<0.05. The results obtained
were significantly different for the samples F1, F2 and F3 indicated by the
Sig value, which is less than 0.05.

The concentration of calcium in dragon fruit peel is 9.75 ppm =
=0.975 mg/100 g [52]. Calcium is used to build a skeleton during a per-
son’s childhood, which is important to prevent osteoporosis later in life
[53]. Innovative food products need to be developed because humans
have now started to think about it and prioritize their health, the type of
food they eat, and the exercise they do to stay away from health problems
[54]. Increasing the digestibility of calcium, iron and magnesium can pre-
vent the development of osteoporosis [55].

4. Conclusion

Based on the results of the study, it was concluded that the dietary
fiber content of dragon fruit peel gnocchi in the sample F3 had the high-
est water soluble dietary fiber content in amount of 1.33%, water in-
soluble dietary fiber content in amount of 1.86%, and total dietary fiber
content in amount of 3.19%. This also shows that the more dragon fruit
peel is added, the higher is the total dietary fiber content in dragon fruit
peel gnocchi. This high dietary fiber will be beneficial to human health,
especially good for the digestive system. Meanwhile, the mineral con-
tent of gnocchi in dragon fruit peel also showed that the sample F3 had
the highest mineral content, specifically iron (Fe) in amount of 1.886
mg/100 g, potassium (K) in amount of 6.179 mg/100 g, and calcium (Ca)
in amount of 25.339 mg/100g. This also shows that the more dragon
fruit peel is added, the higher is the mineral content in dragon fruit
peel gnocchi. The addition of dragon fruit peel is useful in improving
the quality of food products, in addition to increasing the total con-
tent of dietary fiber in dragon fruit peel gnocchi, it can also improve
the mineral composition of dragon fruit peel gnocchi products, at since
the level of iron (Fe)-is an important nutrient for human health, espe-
cially for women and children, as well as the infants who need to get an
adequate supply of iron. Potassium (K) is essential for maintaining the
body’s acid balance, and calcium (Ca) which serves to build the skeleton
in a person’s childhood and is important for preventing osteoporosis
later in life. The development of innovation food product can be used to
raise nutrition value to the food product that is very suitable for people
who prioritize health.
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Kpurepun apropcra

ABTOpr B PABHBIX JOJIIX MMEIOT OTHONIE€HVE K HallMCaHUI0 PYKOIINCH
¥ OAMHAKOBO HECYT OTBETCTBEHHOCTD 3a IlJlarnar.

KondmukT nHTEpecos

ABTOpBI 3aSIBIISIIOT 06 OTCYTCTBMM KOHGIIVIKTA MIHTEPECOB.
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VICITOJIb30BAHUE TYPBUJAVIMETPUM IJISl OLIEHKU TEIIJIOBOI HATPY3KU
ITPU IMMACTEPN3 AU MOJIOKA

Msrkonocos [I. C., TomuukoBa E. B., Abpamos [I. B., Kamraukosa O. T.
Bcepoccuiickmit HayuHO-MCCIeI0BATeNbCKMUI MHCTUTYT MacaOfe s U cbipomenust — Yraud, SIpociaBckast 06actb, Poccus

K/IIFOYEBBIE CJIOBA: AHHOTAILI A

nacmepusayus, MeTo/bl ObICTPOI OLIEHKY MHTEHCMBHOCTH TEIUIOBOI 06pabOTKM MOIOKA HEOOXOAMMBI KaK B MTPOMBILIIEHHOCTH, TaK U B MC-

mensnoseas 06pabomka, CnegoBaTeIbCKON paboTe. B CBA3M € 3TUM CYLIECTBYET MHOXKECTBO CIIOCOB0B M3MEPEeHMIi JaHHOTO TIOKA3aTeIsl, OCHOBAHHBIX

Cbl80pOMOUHble OeNKU, Ha PasINUHBIX GU3NUECKMX MPUHIUIIAX, B TOM UucIe Typ6oammeTpuueckie MmeTomsl. OMHaKO JaHHbI METOM MMeeT Helo-

mypOudumempuyeckue CTaTOK: [Jisl BbIMTOJHEHNS aHaIM3a TpeOyeTcs IIUTeIbHOe BpeMs. B CBsI3u ¢ 3TUM B paboTe IOCTaBieHa Liejlb pa3paboTath

memodvl Ha 6a3e 3TOTO MPUHIMIIA U3MEPEHMI SKCIIPeCcC-MeTO/, ONpeesieHNs] PACTBOPMMBIX ChIBOPOTOYHBIX GETKOB, XapaKTepu3y-
IOIMX TEIJIOBOI KJIACC MOJIOKA. Pe3ynbTaT JOCTUraeTcs 3a CYeT MpUMeHeHMsI TYpOuAMMeTPUUeCKOro MeTO/Ia OIpeieeHMs
C ONTUMMU3UPOBAHHBIMY TTApaMeTPaMM IMOATOTOBKY MIPOGBI U M3MepeHMs ONTUUECKOI TUIOTHOCTY CYCITIEH3MY GeJTKOBbIX ar-
peraToB. MeTop, peanusyeTcst ciienytoimmm o6pazom. O6paser monoka cMmenmBaercsi ¢ 0,1 N aneratasiv 6ydepom (pH 4,6)
B COOTHOLIEHMM, TO3BOJISTIOIIEM TIOJYYMTb KOHIIEHTPALIMIO PACTBOPUMbIX CBIBOPOTOUHBIX 6€KOB Mosioka ot 0,05% 1o 0,1%.
PexomeH0BaHHbIe K03 duiMeHTsI pa3Benenusi: 1:3 qyist 06pasiioB yabTpanacTeprM30BaHHOTO MOJIOKA Y ITACTePU30BaHHOTO
MOJIOKA C BBICOKOV MHTEHCUBHOCTBIO TepM0O06paboTky; 1:7 mjist 06pa3iioB MacTeprM30BaHHOIO MOJIOKA C HU3KOV MHTEHCUB-
HOCTBIO TepMO06paboTKu 1 1:14 myist 06pasIioB CHIPOTO MOJIOKA. PacTBOp puiibTpyroT Ha MeMGpaHHOM (GUIBTPe ¢ pa3Mepom
nop 0,45 mkm. [TomyyeHHbI GUABTPAT cMemUBAIOT ¢ 24% TXY B cooTHOmIeHuu 1:1 oS KOarysasiuu pacTBOPUMBIX ChIBO-
POTOYHBIX 6eKOB 1 (hopMMUpoBaHMst GETKOBBIX arperaToB. IToce BoiAepKMBaHMs B TeueHre 5—10 MUH ONTUYECKYIO TIOT-
HOCTb CyCIIeH31M GeJIKOBBIX arperaToB M3MePSIIOT IPY AJMHe BoHbI 650 HM. CozepskaHye BOILOPaCTBOPUMbIX ChIBOPOTOYHbIX
6€e/1KOB B 06pasiie MOXeT ObITh PACCYMTAHO 10 KaJMOPOBOUHOI 3aBUCUMOCTH. Pa3paboTaHHbIi METOJ, TO3BOJISIET ITOYUUTh
pes3ynbTaT M3MepeHuii 3a MeHbllee BpeMs, YeM TypouaumeTpudeckuii meton Harland & Ashworth.
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USE OF TURBIDIMETRY FOR DETERMINATION OF HEAT TREATMENT
INTENSITY APPLIED AT PASTEURIZATION OF MILK

Dmitry S. Myagkonosov, Elena V. Topnikova, Dmitry V. Abramov, Olga G. Kashnikova

All-Russian Scientific Research Institute of Butter and Cheesemaking — Uglich, Yaroslavl Region, Russia

ABSTRACT

Express methods for estimating the intensity of heat treatment of milk are necessary in industry and in research work. For this
reason, there are many ways to measure this parameter, which are based on different physical principles, including turbidi-
metric methods. The Harland & Ashworth turbidimetric method has been developed for a long time, however, due to its high
reliability and ease of implementation, it is still used in practice. However, this method has a drawback: it takes a long time to
perform the analysis. In this regard, the aim of the work is to develop an express method for evaluating the thermal class of
milk based on the principle of measuring the concentration of soluble whey proteins. The result is achieved through the use
of a turbidimetric measurement method with optimized sample preparation parameters and parameters for measuring the
optical density of a suspension of protein aggregates. The method is implemented as follows. The milk sample is mixed with
0.1 N acetate buffer (pH 4.6) in a ratio that allows to obtain a concentration of soluble milk whey proteins from 0.05% to 0.1%.
Recommended dilution coefficients: 1:3 for samples of ultra-pasteurized milk and pasteurized milk with high heat treatment
intensity; 1:7 for samples of pasteurized milk with low heat treatment intensity and 1:14 for raw milk samples. The solution
is filtered on a membrane filter with a pore size of 0.45 microns. The resulting filtrate is mixed with 24% trichloroacetic acid
(TCA) in a 1:1 ratio to coagulate soluble whey proteins and form protein aggregates. After holding for 5-10 minutes, the
optical density of the suspension of protein aggregates is measured at a wavelength of 650 nm. The content of water-soluble
whey proteins in the sample can be calculated according to the calibration curve. The developed method allows to obtain the
measurement result in less time than the Harland & Ashworth turbidimetric method.
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1. Beegenue

I[Iporiecc MPOM3BOACTBA JIIOGOI MOJOUHOM MPOAYKIVM TIpenycMa-
TpUBaeT 06s13aTeJIbHBINM 3Tall TEPMMUUYECKOIT 06paboTKM (ITacTepusarm).
Lenpio TepMOOGPAGOTKM MOJIOKA SIB/ISIETCS YHUUTOXKEHME MaTOTeHHOI
Y TEXHUYECKM BPEHOI MUKPOQIIOPBI, a TAKKe IPyUIaHyie MOJIOKY Tpeby-
€MbIX TEXHOJIOTMYeCKMX ¥ OPTaHOIeNITUYeCKIX CBOMCTB [1].

[Ipy U3TOTOBIEHUY PA3IMYHBIX MOJIOYHBIX ITPOLYKTOB YCIOBUS TEP-
Muyeckoit o6paborku nuddepenuyposanbl. Tak, mpyu MPOMU3BOACTBE
CBIPOB BasKHO, YTOGBI TPUMEHsIeMast TepMIuecKast 06paboTKa He OKa3bl-
Basla CyLIeCTBEHHOI'O HeraTMBHOIO BIVSIHVS Ha JUHAMMKY CBEPTHIBAHMS
MOJIOKa MOJIOKOCBepThiBawIiuM hepmeHTOM. B ciiyuae macTepusaryn

O UUTUPOBAHU S : MarkoHocos, [I. C., TomHukoBga, E. B., AGpamos, /1. B.,
Kamnnkosa, O. I. (2024). Vcrionb30BaHKe TYpOUAMMETPUM [JIST OLIEHKY TEIUIO-
BOJ HArpy3ku IpM macrepusanuu Mosoka. ITuujessie cucmemsl, 7(1), 105-113.
https://doi.org/10.21323/2618-9771-2024-7-1-105-113

MOJIOKA IIPY BBICOKOI Temmepartype u (M) GOJbIION MPOLOIKUTEb-
HOCTM HaGMI0NAeTcs] 3HAUMTeIbHasT NeHaTypalyisi CbIBOPOTOUHBIX Ger-
KOB. JleHaTypupoOBaHHbI GeTa-rmobynuH GopMUpyeT arperatbl C Karl-
1a-Ka3euHoM, COfepKalllMMCs Ha IOBEPXHOCTM Ka3eMHOBBIX MMIIENI,
U 3alMIaeT UX OT JeCTBMUS MOJIOKOCBepThIBatouiero pepmenra. Takoke
YyacTh pacTBOpuMOro docdara Kaablys yTpaunBaeT pacTBOPUMOCTb, YTO
3aTPyAHSeT MpoLecC arperMpoBaHMs MULENT Kas3eyHa, SIBJSIOMIICS
HavyaabHON cTagueit GopMmupoBaHMS MOTIOYHOTO CryCTKa. B pesynbraTe
YBeIMUMBaeTCs MPOAOIKUTENIbHOCTb CBEPThIBAHMSI MOJIOKA, a Molyda-
eMbIif CTyCTOK 006/aaeT HM3KO MeXaHMYEeCKOi MPOYHOCThIO U IUIO-
X0V CIIOCOGHOCTBIO K cuHepesucy. ClelcTBMeM HU3KOI MeXaHUYeCKOoi

FOR CITATION: Myagkonosov, D. S., Topnikova, E. V., Abramov, D. V., Kash-
nikova, O. G. (2024). Use of turbidimetry for determination of heat treatment in-
tensity applied at pasteurization of milk. Food Systems, 7(1), 105-113. https://doi.
org/10.21323/2618-9771-2024-7-1-105-113
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MIPOYHOCTH SIBJISIETCST ApOGIIeHNe CrycTKa mpyu o6paboTke ¢ moTepeii cy-
XMX BelIeCTB CTYCTKA B CHIBOPOTKY, BeJylllee K CHVKEHMIO BbIXOJA ChIpa.
I pyrMM HeraTVBHBIM CI€ACTBMEM IIOXOTO CUHepe3uca SIBISETCS Mef-
JIEHHOE OT[Ie/IeHNe BJIaru OT CTYCTKa MpU ero o6paboTke, UTO MPUBOAUT

K YBEJIMUEHNIO ITUTETBHOCTY 06paGOTKM CHIPHOTO CTYCTKA U K MOTyde-

HMIO CbIPa C BBICOKUM COZlepsKaHyeM Bjaru [2].

TemmepaTtypHast 06pa6oTKa MOJIOKA C BHICOKOJ MHTEHCUBHOCTBIO Lie-
JIeHaIIpaB/IeHHO UCIIONb3YeTCs B IIPOM3BOJCTBE OTHEIbHBIX BUIOB IIPO-
LIYKTOB [l IPUIAHNS UM TpeOyeMbIx GM3MUECKUX U TEXHOMOTUUECKIUX
CBOJCTB. BpIcoKas TemIiepatypa 06paboTKY BbI3bIBaeT HOpMMpOBaHNe
KOMIUIEKCOB ChIBOPOTOYHBIX GEJIKOB € KazeMHaMu (MeXAy OeTa-JIaKTo-
JIOGMHOM ¥ KaIlla-Ka3eyHOM), YTO MCIIONb3YeTCs B TPOMbIIUIEHHOCTH:
0 mpu MpOMU3BOACTBE MOTYPTa, B LEISX MPUAAHNUS TPOAYKTY Gomblieit

BSI3KOCTH [3];

U mpy IpoOM3BOACTBE MSTKVMX CBIPOB M TBOPOTa B LIEJSIX MOBBIMIEHSI
BBIXOJIA POLYKTA [JIs1 TPUAAHMUS TPOLYKTY O0Jiee HESKHOI 1 CTabuIIb-
HOJI KOHCKUCTeHIH [4].

O6opyzmoBaHue [ TEPMUYECKOi 06pabOTKM MOJIOKAa CHAGKeHO
IATYyKamMy, KOHTPOIVMPYIOIIMMY TeMIIepaTypy U IPOROKUTEIbHOCTD
HarpeBa. OFHAKO JAJIS1 0OBEKTUBHOIO KOHTPOJISI paboThl 060pyIOBaAHMS
3¢ exTMBHOCTD TEIIOBOVI 06PabOTKM CIelyeT OlleHMBAaTh HEIIOCPe/ICT-
BEHHO Ha 06paboTaHHOM MoJoKe. Kpome pelieHust 91Ol 3amaum, mpu-
JIOKeHUSIMU, TPEGYIOIMMY OTIpeSie/IeHNs] MHTeHCUBHOCTU TePMUUECKO
06pabOTKH, SIBJISTIOTCS :

O upnentuduxanus u pasgeneHue NacTepu30BaHHOIO MOJIOKA U YIIb-
TpanacTepyu30BaHHOIO MOJOKa. IIOCKOIBKY IIpM WMHTEHCUBHOMI
TeIIOBO/ 06paboTKe MOJIOKO TepsieT YacCThb II0JIe3HBIX BeIIeCTB
(BUTaMMHBI, PACTBOPYUMBII KaJablMii U PSIL SPYTUX), BASKHO, UTOOBI
MOTPEOUTEb MMeJT TOUHYI0 MH(POPMAIMIO O CBOMCTBaX Mpuobpera-
eMOro npopaykra [5];

0 ycraHOB/IeHVe HamMuMs IPYMeCH B IIMTHEBOM MOJIOKE I1acTepyu3o-
BAHHOTO MOJIOKA (He MPOJIAaHHOTO B TeUeHMe CPOKa FOJHOCTU U BO3-
PpaleHHOro M3 TOProBin) [6].

U ompezeneHye TEIUIOBOTO K/Iacca CyXoro MoJuoka, YTo Heo6X0auMOo Jist
YTOYHEHUSI 1IeJIM €TO0 VICIIOIb30BaHMsI. 1715 TPOM3BOACTBA ChIPA 1 TBO-
pora Hy>kKHO MOJIOKO «HMU3KOT'O» TEIUIOBOTO KJI1acca, il IIPOU3BOICT-
Ba I10OTYpPTOB, MOPOKEHOTO — MOJIOKO «CpeJHero» TerjioBoro Kjiacca,
a JiIsI TPOV3BOZCTBA BBITTEUKM M KOHAUTEPCKIX U3/IeNINIT HeOOXOOIMO
MOJIOKO «BBICOKOTO» TeIIJIOBOrO Kiacca [7,8].

MeTozmbl KOHTPOJISI TEIIOBOJ HAarPy3Ky OCHOBBIBAIOTCSI HA OIIpesiene-
HUU COIEePKaHMSI B MOJIOKE YYBCTBUTENIbHBIX K TeMIIepaType KOMIIOHeH-
TOB: (DePMEHTOB, BUTAMUHOB, OEJIKOB, & TAKKe BBISIBIEHUM COLEPKaAHMS
XMMUYECKUX BeIeCTB, 06pasyIouuXcs MoJ, IeiCTBMEeM TeMIepaTypbl,
Hanpumep, NPOAYKTOB peakuyuu Maiispa [9].

CylLecTBeHHBIM IIPEMMYINECTBOM METOZOB OLIEHKM TeIIOBOJ Ha-
IPY3KM, OCHOBAHHBIX HA OILIEHKE COZEPKaHUSI TePMOTaOMUIbHBIX ChI-
BOPOTOYHBIX OE/KOB, SIBJISETCS BO3MOXKHOCTb BBIGOpa M3 MHOXKECTBA
croco60B M3MepeHUil, Hamboaee COOTBETCTBYIOIIETO BbIJBUTaeMbIM
TpeGOBaHMSIM K TOYHOCTM, CTOMMOCTY M IJIUTEIBbHOCTM BBIIOTHEHMS
aHanu3a. [y onpesieneHus copepskaHysi 6eJika B MOJIOYHOM CbIBOPOTKE
TPagMLMOHHO UCIONb3yeTcss MeTor Kbenmbnans. IaHHBIN MeToq, MMeeT
BBICOKYIO TOYHOCTD, & Pe3y/IbTaT OnpezeaeHns 6ejika He 3aBUCUT OT CO-
IepKaHMs B MOJIOKe Kupa 1 MHbIX BemtecTs [10]. [Ipu sTOM MeTOR MMeeT
IOCTaTOYHO BBICOKYIO TPYZIOEMKOCTb, IJIMTEIbHOE BPeMsl BBIITOTHEHS
aHanmmM3a U TpebyeT MCIIONb30BaHMUSI OPOTOCTOSILIET0 060PYLOBaHMS.
JL71s1 GBICTPOTO BBISIBIEHVISI KOTMYECTBA BOLOPACTBOPUMBIX GEJIKOB B MO-
JIOYHO? ChIBOPOTKE MOTYT GBITh MCITOIb30BAHbI METO/IbI, 63U PYIOLIMECS
Ha Apyrux GU3nuecKyx NPUHIMIIAX, TAKYME KaK:

O cnekrpodoTroMeTpuueckue MeTOoAbl, OCHOBAHHbIE HA CIIOCOGHOCTU
6e/IKOB TMOIIOLIATh M3IyueHre B ynbTpaduoneropom [11] u nubpa-
KpacHOM JIuanasoHe [12,13];

0 xonmopuMmeTpuyeckye MeTO/Ibl, peaausyeMsble ¢ IpMMeHeHeM CIIeL-
dbuueckux KpacuTeneit, 06pasyoIIMX OKpalleHHbIe KOMILIEKCHI C pe-
aKIMOHHO-CIIOCOOHBIMY TpyriamMu 6enkoB [14,15];

0 mertonpr nMmyHOpepmeHTHOTO aHanmu3a (VDA), ocHOBaHHbIE Ha pe-
akuyy crienuuUIecKux aHTUTEN ¢ 6eTKaMy CbIBOPOTKY [16].
PaccMOTpeHHbIe YCKOPEHHbIE METOMbI MMEIOT Pa3aiyHble HeIOCTaT-

k1. Tak, criekTpodoToMeTpsl, paboTaome B MHOpaKpacHOM Ayaraso-

He, IMEIOT BeChbMa BBICOKYIO0 CTOMMOCTh. O6OpyLOBaHME IJIST U3MePeHMs

KOJIOpMMETPUYECKUMM MeTomamMu ¥ MeTogoM V@A ymMeeT MeHBLIYIO

CTOMMOCTb, HO IAHHbIE MeTO[bl TPeOYIOT IMTeNbHOTO BPEeMeHM Ha

IpoBeleHKe aHanu3a (ZOo 1 u), BCIEACTBME Yero He MOTYT CUMTAThCS

aKcrpecc-meropamu. K rTomy ke, KomopumeTpuyeckiue MeToibl UyBCTBU-

Te/IbHbI K HAJIMUMIO B M3MepsieMOM 00pasiie IPOAyKTOB peakuyy Maii-

sipa, B pesynbraTe yero metof Jloypu u BCA-merop, (bicinchoninic acid

protein assay) DalOT 3aBbIIIEHHbIE Pe3Y/AbTAThI 10 COEPKAHUIO Genka

B TepMUUecKu 06paboTaHHOM MoJoke [17].

K unciny mMeTomoB IpsSIMOTO OIpefesieHus: KOHIIEHTPaLuu pacTBOpy-
MBIX CBHIBODOTOUHBIX GEKOB, He TPeOGYIOIMX MpenBapuTeITbHOro (Gpak-
LMOHMPOBAHMSI, OTHOCSITCSI TYypOUIMMETpPUYECKre METONbl, B OCHOBE
KOTOPBIX JIEKUT M3MepeHMe ONTMUYEeCKON IIOTHOCTM CYCIIeH3MM Koary-
JIVIPOBABILIMX GENKOB, KOTOPAs! TPOIIOPIMOHATIbHA KOHIIEHTPALMI TOJIBKO
6€e/IKOB, HO He JIpyrMX KOMIIOHEHTOB ChIBOPOTKU. B uacTHOCTH, B TypOU-
IVIMEeTPUYeCKOM MeTofe OIlpefielieHye MHeKca BOJOPACTBOPUMBIX Chl-
BOPOTOYHBIX 6estkoB (Whey protein nitrogen index — WPNI) [18] (nanee —
B Metoz, Harland & Ashworth) ocymiecTBisieTcst ¢ TOMOIIBIO OCAKAEHMS
Ka3eMHOB ¥ HepacTBOPVMMBIX CbIBOPOTOUHBIX GETKOB B MOJIOKE ITyTEM €ro
Hacbienus NaCl, dunpTpanym ¢ rnomyyeHueM 9KCTPAKTa, COepsKallero
BOZIOPACTBOPYMMbIE GeJIKYM ChIBOPOTKY, KOATY/ISLIMY CBIBOPOTOYHBIX Gerr-
KOB B INOJIyYeHHOM 3KCTPAKTe C ITOMOIIBIO KUCIOTHI IIPY YCTAHOBIEHUY
ypoBHs 2,7-3,1 en. pH. IIpy Takom 3HaueHMy pH HacTynaeT geHaTypanus
BCEX PaCTBOPMMBIX GEJIKOB CHIBOPOTKM € (hOopMMpOBaHMEM CYyCIIEH3UM,
oInTMYecKast IJIOTHOCTb KOTOPOJi ITPOINOPLMOHANIbHA KOHIEHTpalyM pac-
TBOPUMBIX G€JIKOB. I3MepeHHYI0 ONTUYeCKYIO IIOTHOCTb IepecynThIBa-
10T B KOHLIEHTpaIuio 6eska ¢ MOMOIIbI0 KaTMOPOBOYHOM 3aBUCHMOCTM.
Hecmotpst Ha To, uto Meton, Harland & Ashworth 6b11 paspa6oTan oueHb
JIaBHO, AHHBIV MeTOZ, 1ocie psaa MoauduKaimii, mpeiaoskeHHbIX B 60-
Jlee TMO3JHUX MCCIeNoBaHMSIX [19], Mcnonb3yeTcss U B HACTOSILEe BPeMsI
KaK B HayuHbIX McciefoBanusix [20], Tak 1 B IpoMbliieHHoCTH [21].

Typ6uoyMeTpryecKuii MeTOJ, OLIeHKM COZepsKaHUSI ChIBOPOTOUHBIX
6eJIKOB, XOTSI ¥ 06/1aaeT MeHbIIei TOUHOCTHIO B CPABHEHUM C IPYTUMU
BbIIIeTIepeunC/IeHHBIMY MeTOAMM, He TpeOyeT UCTI0Ib30BaHMsI CJIOXKHO-
ro 060pyJOBaHMS U MO3BOJISIET TIONYYUTb PE3Y/IbTAT M3MepPeHuit 3a KO-
porkoe Bpemsi. Hemocratkamu Typounmumerpuyeckoro merona Harland
& Ashworth u ero mogudmkaimit IBASIETCS JOCTATOUHO OOJbIIAS M-
TeJIbHOCTh TIOATOTOBKM 00pasiia K u3MepeHMIo (hakTuuecku, He MeHee
45 muH). Llenblo HACTOSIIErO MCC/IeNOBaHYS SIBISIETCST pa3paboTka dKC-
rpecc-MeTo/a /IS ONpeesieHNsI COePKaHMs XapaKTepU3YIoLIMX TeIIo-
BOI1 KJIACC MOJIOKA PACTBOPYMMBIX CbIBODOTOYHBIX GEKOB, OCHOBaHHOTO
Ha TYpOMIMMETPUYECKOM MPUHLIMIIE, TIO3BOJISIOIIEM MOTYUYUTh Pe3yib-
TaT U3MepeHnii 3a MeHbllee Bpems, ueM mertop Harland & Ashworth.

2. MaTepuaJjbl U METOHbI

2.1. Mamepuanst

B paboTe 6bLIM MCII0IB30BaHbl 06pa3Iibl CIPOro Mojioka (5 06pasioB
OT 4 pasHbIX MPOU3BOAUTENEI), & TaKKe MPUOOPeTEeHHbIE B PO3HUYHON
TOProBjie 06pasiibl MaCTePUM30BAHHOrO MOJIoKa (5 06pasioB OT 5 pas-
HBIX TPOU3BOMTEIIEN) U YIbTPANIaCTePU30BAHHOTO MOJIOKa (5 06pa3LoB
oT 5 pa3HbIX mpoussoxpureneit). IIpy 060cHOBaHMM MeTOJA MOATOTOBKYU
MIPOGBI OIOIHNUTENIBHO IPUMEHSIIU MOJIOKO, BOCCTAHOBJIEHHOE M3 CYXO-
ro mosoka B coorBetcTBuu ¢ TOCT 29245-911,

2.2. MemoOst

2.2.1. MemoOs! uccnedosarus ppakyuu cvl80pomouHsLx 6€K08 MOJIOKA

MaccoByIO [OJI0 a30Ta CbIBOPOTOUHBIX OETKOB OIpeesisiii pacuer-
HBIM METOZOM KaK Pa3HOCTh MEXY MacCOBOJi 10Jeit a30Ta 6e3Kka3enHo-
BOI1 (hpakiyu 1 He6eIKOBOTO a30Ta MOJIOKA.

MaccoByio foio azora 6e3ka3eMHOBONM (Gpakiuy MOJIOKa, Ioaydae-
MYyIO ITOC/Ie OCaKIeHMUsI Ka3eMHOBOI (Gpakuum 6esnka u ¢hpaxkuum Hepa-
CTBOPUMBIX CBIBOPOTOUHBIX GEIKOB PaCTBOPOM YKCYCHO KUCJIOTBI C I10-
CTeAyIIMM HeHTpUbYrupoBaHueM U (GUIbTpalyei, oNnpenensiu mo
T'OCT 34536-20192%

MaccoByio 00 HeGelKOBOrO asoTa MOJIOKA, MOIydyaeMylo Iocie
yaaneHus: dbpakiyy 6eIKOBOTO a30Ta B IPo6e TPUXIOPYKCYCHOM KUCTO-
Toi, u3mepstu 1o OCT P 55246-20123.

ONTHYeCKyI0 IJIOTHOCTb 06Pa3lioB M3MepsUiM B KIOBETEe U3 KBapiie-
BOTO CTeKJIa C AJIMHON ONTHYeckoro myTu 10 MM Ha criekTpodoTomerpe
PB2201 (3A0 «CriekTpocKomus, ONITUKA U Jla3epbl — aBaHrapAHble pas-
paboTku», Pecriybnuka Benapych).

OrnpeziesieHre MOJIEKY/ISIPHO-MaCCOBOTO  PACIipeielieHus] PacTBOPU-
MbIX G€KOBBIX BEIIeCTB B ChIBOPOTKE MPOBOAMIM METOLOM Tellb-(puiib-
TPaLMU BBICOKOTO pas3pelleHs ¢ UCII0Ib30BaHMeM XpoMaTorpadnieckoin
cucrembl AKTA Pure 25 (Cytiva, IlBerus), 060pymOBaHHOM KOJIOHKOI
Superose 12 10/300 GL (GE Healthcare, IlIBerust). Dmr0eHT — BOIHBI
pacrsop 0,05 M Na,HPO, + 0,15 M NaCl (pH 6,50), ckopocTb 1ofauu 371o-

! TOCT 29245-91 KoHcepBbl MOIOYHbIE. MeTOAbI Onpenenenus GusnuIeckux
¥ OpraHoIenTMIeckux nokasareneit M.: Crangaptundopm, 2009. — 5 c.

2 TOCT 34536-2019 Monoko 1 Mojo4Has MpoAyKiys. OmpeeseHye Macco-
BOI IO CHIBOPOTOUHBIX O6eaKOB MeTomom Kbenpmans. M.: Cranmaptundopm,
2019. — 8c.

35 TOCT P 55246-2012 MoJIOKO ¥ MOJIOYHbIE TIPOAYKThI. OTpesieieHne coep-
sKaHusT HeGeNIKOBOro a30Ta ¢ mpuMeHeHnem mMetoza Keenbgans. M.: CraHgapTuH-
dbopm, 2019. — 10 c.
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PucyHoxk 1. MoJIeKy/IsSIpHO-MacCOBO€ paclipefe/ieHe paCTBOPUMBbIX G€/IKOBBIX BEIIeCTB B 3KCTPAKTAaX, MOTYUYeHHBIX
M3 ChIPOTO M CYXOro BOCCTAHOBIEHHOIO MOJIOKA IOC/I€ OCAXKAEHMSI Ka3eMHOB ¥ HepacTBOPUMBIX CBIBOPOTOYHBIX GE/IKOB
nyTeM IOJKUCAeHUs MOIoKa 10 pH 4,6 u npu Haceiuennu mosioka NaCl. KoadduimeHnT pa3BeseHns npu Bcex
BapMaHTaxX dKCTPaKTauuy paseH 1:7. 0603HaueHus: o. — anbda-IaKkToaTIb0yMuH; 3 — 6eTa-JIaKTOrI00y/INH;

BCA — 6bIumii CbIBOPOTOUHBIN aIbOYMMH; [g — MMMYHOIIOGY/IMHBI
Figure 1. Molecular weight distribution of soluble protein substances in extracts obtained from raw and dry reconstituted milk after precipitation
of caseins and insoluble whey proteins by acidifying milk to a pH of 4.6 and after saturation of milk with NaCl. The dilution coefficient for all
extraction options is 1:7. Designations: o — alpha-lactoalbumin; § — beta-lactoglobulin; BSA — bovine serum albumin; Ig — immunoglobulins

enTta — 0,5 MJI/MUH; IyiMHa BOMHBI AeTekropa — 280 HM. Kam6poBKy Ko-
JIOHKM TIPOBOJAMIIM 110 BPeMEHU BBIXO/Ia OEKOBBIX BEIeCTB C M3BECTHOM
MonekynsipHoit maccoit: IgG (180 k[a), anpmonaza (158 k/Ia), BSA (69
k[a), oBanbbymuH (43 k[a), B-Lg (36,0 k/1a), a-La (14,4 k[la), LMTOXPOM
C (12,3 k[la), tpunrodan (0,204 k/1a). KannbpoBouHblit rpaduk GbLT TMO-
CTPOEH Ha OCHOBe JiorapudMmUyecKoii perpecCMoHHOi Mozaenu [22]. DKc-
TPaKTBhI, COLep)Kalye ChIBOPOTOUHBIE GeKy, IMOMyYaIy MOSKUCTeHUEM
mosoka 1o 4,60%0,05 ex. pH c momomrpsio 10%-ro pacTBopa yKCYCHOM KiC-
JIOTBI HA MarHUTHOV Meltaske rox pH-metpom. ITonkucaeHHbIe 06pasibl
porryckany uepe3 GuibTp u3 GpuiprpoBanbHOi 6ymaru «tur 102» (craH-
napt KHP GB/T 1914-2007%), a 3aTem uepe3 GpuibTp U3 HeiJIoHa ¢ pasme-
pom mop 0,45 mxm (Tianjin Jinteng Experiment Equipment Co., Ltd, KHP).
AKTUBHYIO KMCTIOTHOCTb MOJIOKA ¥ CbIBOPOTKY OIpenensiiu Ha pH-meTpe
pH-150MU (OO0 «M3mepuTenbHas TeXHUKa», POccust), 0OCHALLeHHOM KOM-
6unnpoBanHbiM pH-3mekTpomom FC200B (Hanna Instruments Inc., CIIIA).

Vi3mepeHne coepkaHye pacTBOPMMBbIX OEIKOB CbIBOPOTKY TYpOUIV-
meTpuueckum metomom Harland & Ashworth mpoBomuau nmo mpomnvcu
¢dupmer GEA [21].

2.2.2. Mukpockonuueckue uccied08aHus

MUKpPOCKOIIMYECKMe UCCIeOBAHMSI CYCIIeH3Ui CbIBOPOTOUHBIX Gesi-
KOB IIPOBOAM/IM HA MUKpOIIperaparax «pasiaBieHHast Karis» MeTOIOM
CBETOBOJ MMKPOCKOIIMM B IIPOXOJSIIIEM CBETE C IIPMMEHEHMEeM KOHIEeH-
copa TeMHOTO T071s1. DOTOCHUMKY GBUIM CIEIaHbI C TOMOIIBI0 IM(POBOIT
dorokamepsr Canon EOS600D. Koppekiinio dororpaduit mpon3Bogmnin
C UCMONIb30BaHMEM MporpaMMHoOro makera Digital Photo Professional
software v. 4.5 (Canon Inc., SIrmoxus).

2.2.3. Memodsl cmamucmu4ecko20 aHaiu3a

MaremaTuyeckasi 06paboTKa JaHHBIX OCYLIECTB/ISIACH C IIPVIMEHe-
HMeM IporpaMMHOro rnakera Statsoft Statistica (v. 5.5). O1ieHKy BAUsTHMSI
(aKTOpOB 3KCIEpUMEHTa Ha IepeMeHHble OTK/IMKA IIPOBOIVIIM MeTO-
IOM IBYX(aKTOPHOTrO AMCIIEPCUOHHOTO aHaIN3a, CO CpaBHEHMEM JI0CTO-
BEpPHOCTM OTAMUMI MeXIy YPOBHSIMM IlepeMeHHO} OTK/IMKa MeTOLOM
IapHbIX cpaBHeHMit Toioku [23].

3. Pe3ynbTaThl M 00CYKAEHUE

3.1. O6ocHo8anue Memoda nodzomoeKu npoosl

DKCIIpecc-MeTo U3MEPEHNit TO/KeH 06ecreunBaTh 6hICTPOe MONy-
uyeHIe Pe3ysbTaTa, a Takke 6bITh MaJ03aTPATHBIM 10 PACXOIY PEAKTIBOB
U UMETb Mayio TPYIO0eMKOCTh B VCITOJTHEHMM, BKITIOUast 3aTPaThl Tpyna
Ha TOATOTOBKY PEAKTMBOB ¥ MbIThe JJaGopaTopHOI mocymbl. COKpaTuTh

4 GB/T 1914-2007. Chemical analytical filter paper. National Standards of Peo-
ple’s Republic of China.

MPOAO/DKUTEBHOCTD ¥ TPYAOEMKOCTh aHA/IM3a MOXKHO 3@ CUET yCOBep-
I[I€HCTBOBAHVISI METOA MTOATOTOBKY TIPOOBI.

Bosbliast IpoAoO/KUTENbHOCTb BpeMeHM BbITIOMHEHMsI aHa/I13a 110 Me-
tomy Harland & Ashworth cBsi3aHa ¢ A/IMTeIbHOM MPOLIEAYPOIi OCAKIEHVSI
Ka3erHOB M HepacTBOPUMBIX ChIBOPOTOUHBIX GEKOB C TIOMOIIbIO HAChI-
mernst mosioka NaCl, a Takke ¢ IIMTeNbHOI MToctenyomiein duabrpatyein
Ha GuIbTpe U3 IUIOTHOM OGymaru. JIpyrum HeJoCTaTKOM JAaHHOTO MeTona
SIBJISIETCSI HETIOJTHOe M3BJIeueHYe PACTBOPUMMBIX ChIBOPOTOUHBIX GETKOB
13 Mosoka. [Ipu ocaskmeHnM Ka3erHOB 1 HEPACTBOPUMbIX ChIBOPOTOUHBIX
6enkoB 1o metony Harland & Ashworth ¢ momomnipio HacheIeHNs MOToKa
NaCl nony4aroT 3KCTPaKT, COfepKallinii MeHbIIlee KOJIMYECTBO PaCTBOPU-
MBbIX CBIBOPOTOUHBIX O€JIKOB, UeM TPV UCII0Ib30BaHMM METO/IA OCAsKIAEHVSI
C TIOMOLIBI0 BHeCeHMsT KUCIOThI (pu pH 4,6) [24]. 3TO nopTBep>KaeTcst
pesynbraTamy Xpomarorpabuueckux MCCIefoBaHmii. XpoMaTOrpaMMbl,
MOKAa3bIBAIOIIME COMEePKaHNe PACTBOPUMbIX GETKOBBIX BEILIECTB B ChIBO-
POTKe TIpY PasHbIX METOfAX SKCTPaKIVM, IpUBeIeHbl Ha PucyHke 1.

B 1enisix mosbiineHus 3¢hGeKTUBHOCTY SKCTPAKINM M3 MOJTIOKA GETKOB
CHIBOPOTKM U [JIst COKPAIIEHNST BpEMEHM U TPYA03aTpaT Mpy MOATOTOB-
Ke IMpoObI, 6bIT BHIGPAH METO[, OCHOBAHHbIN HAa OCaKIEHUY Ka3eMHOB
U IeHaTYyPUPOBAHHbBIX CHIBOPOTOUHBIX O€IKOB mpu pH 4,6, OmmcaHHbI
B pabote Guan u ap. [25]. CornacHo yKa3aHHOMY METOLY, MOJIOKO CMEeIIN-
Baetcs ¢ 0,1 N aueraTHbiM 6ydbepom, umeronym pH 4,6 B COOTHOILIEHUY
1:7, uentpudyrupyercs v GuabTpyeTcst Ha GUAbTPe U3 MOTUMEPHBIX Ma-
TepuayioB ¢ pazmepom 1op 0,45 MKM.

Mem6paHHble METOIbI GUIBTPALMM TIPY TTOATOTOBKE TPOBHI B HACTOSI-
1iee BpeMst MOMYYM/IM IIMPOKOE PaciipocTpaHeHue B J1abopaToOpHOIL Tpa-
KTyKe. [y MeMOpaHHOI GUIBTPALVIM MOYKET VCIIONIb30BAThCSI KAK BAKYyM-
Hast GUIbTpaLst, Tak ¥ GUIbTpaLMs IO, JaB/IeHeM, peaiusyemas Ha T. H.
«mmpui-duisrpax» (PrcyHok 2). [Tocienanii BapuaHT 6onee yano6eH, T. K.
He Tpe6yeT MCIIOMTb30BaHNS SOTIOTHUTENFHOTO 060PYIOBaHMS (KapTPUIKa
1151 GMIbTpa M BaKYYMHOTO HACOCa) M MOC/IeAYIONIeii MOWKM KapTpuasKa.

OuUAbTpaLMsT Ha MeMO6paHHbIX (QMIbTpax 3aHMMAET CYIIEeCTBEHHO
MeHblIiIe BpeMeH!, 4eM GIbTpalust Ha 6yMakHbIX GUIIbTPaXx, UCIIONb3Y-
emas B Mmetoge Harland & Ashworth. B metozne Harland & Ashworth nipu
ocaxkmeHnu 6eKoB Mojioka HachieHmeM NaCl Tpe6yeTcst mogaepskanme
Temrepatypsl 37 °C, 4yTO JOCTUraeTcsl BbIAEPKMBaeM oOpasua B KMUI-
KOCTHOM TepmocTaTe. [Ipy SKCTpaKLyy PacTBOPUMBIX ChIBOPOTOUYHBIX
6eKOB C MOMOIIBIO aleTaTHOro Gydepa OTCYTCTBYeT HEOOXOOMMOCTh
B HarpeBaHuu o6pasiia (OCaKIeHMe MPOUCXOLUT TIPU KOMHATHOM TeM-
repartype), 4To YIpoujaeT Iporecc SKCTPaKIUA.

OcaxkaeHne B aletaTHOM Gydepe B pa3BemeHun 1:7 maeT BO3MOXK-
HOCTb MCITOJIb30BaHMUS GMIbTpalMM Ha MeMOpaHHBIX (GuUabTpax IMmocie
KpaTKOBPEMEHHOIO OTCTauBaHus obpasiia (~ 5 MuH) 6e3 HeoO6XoaAUMO-
Ty LeHTpudyrupoBanus. [y yckopeHust GuibTpalum 1ej1ecoodpasHo
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MCIIONB30BaTh MeMOpaHHble (GUIBTPBI C YBEIMYEHHON IUIONAIbIO I10-
BEPXHOCTU (AVaMeTpOM 47 MM), UTO MO3BOJISIET PUIBTPOBATh 06Pa3Ibl,
cozepskaiiye 60JbIIoe KOMMYECTBO HePaCTBOPUMbIX YaCTHII.

3.2. O6ocHoBaHue pexcuma nosyyeHus cycneH3uu

KoazynupoeaHHwvix 6e/1Ko8

DKCTPaKT, IOYYeHHbI! 13 MOJIOKA C ITOMOIIbIO OCaKIeHNsT alleTaT-
HbIM 6ydepom (pH 4,6), COLEPSKUT CBIBOPOTOUHBIE GEIKM B pACTBOPUMOI
dbopme. [Ins1 mpoBeieHMsT U3MepeHUs] TypOUIUMEeTPUIECKUM MEeTOIOM
TpeGyeTcs] IPOBECTH HecTabMIN3alMi0 PACTBOPUMBIX CHIBOPOTOYHBIX
6e1KoB ¢ GopMMUPOBAHMEM CYCIIEH3MM U3 arperaToB KOaryaMpOBaHHbBIX
6enkoB. IIpy 3TOM TpebyeTcs MOK06PaTh PEKUMBI KOATYISLIUN, TPU KO-
TOPBIX ONTMYECKAs IIOTHOCTb CYCIIeH3MM OGeNKOB OymeT MpOoropLuo-
HalbHa UX KOHIIEHTpaUuy B uccaenryeMoM obpasiie. C 3TOit Lienbio aB-
TOpaMM IIpefiIaraeTcs IPOBeCTH AeCTabMIM3aLMio PACTBOPUMBIX GEIKOB
B 9KCTPaKTe MO, JeliCTBMEeM TPUXJIOPYKCYCHOI KucaoTsl (TXY).

Koarynupyioiee perictBue TXY He cBsI3aHO C n3MeHeHueM pH cpenbl,
MPY KOTOPOM JIOCTUTaeTCsI M303/IeKTprueckast Touka 6eska. ITox neicTBu-
eM TXY npoucxonsT CTPyKTypHbIe 3MeHeHMsT MOJIEKYJT GeJIKa, TPy KOTO-
PBIX X BTOPMYHAS CTPYKTypa yTPauMBaeTcs TOJMIbKO YaCTUYHO. B aToM co-
CTOSTHUM MOJIEKYJTbI GEJIKOB B GOJIbILEl CTeMEHNM CIIOCOGHBI K CBSI3bIBAHMIO
C IpyrMMY MoJIeKylaMy GeskoB, YeM B HATMBHOM COCTOSIHUM WJIM B CO-
CTOSIHMM C TIOJTHOCTBIO YTPAueHHO! BTOPUYHOI CTPYKTYpOii. CBSI3bIBaHME
6eJIKOB PV ITOM ITPOMCXOIUT Uepes CI/Ibl Iapodho6HOr0 B3aMMOJIeiCT-
Bus. Huskas koHueHTpanysi TXY (3% 1 MeHee) BbI3bIBaeT YaCTUYHOE pa3-
BepPThIBaHNME BTOPUYHOJ CTPYKTYPHI OGesika. B TAKOM COCTOSIHMM MOJIEKY-
Jibl 6€/IKOB (hOPMMPYIOT arperatbl TOJbKO MOC/IE AJIUTEIbHOI BbIIEPKKU
(uacel, cytku). [loBbimienue KoHUeHTpauyuyu TXY Bbllle OnpeneneHHO!
KOHILIEHTPALY (VHIUBULYaIbHO 7S KaKO0T0 6e/ka) BhI3bIBA€T MOMEH-
TaJIbHYIO MTPeLIMIIUTALIMIO MOJIeKYI 6enKka [26,27]. B mpucyTcerBum 12% TXY
IIPOVICXOAMT ITOHASI KOATyISIIVIS BceX 6eKkoB Momoka. Ha 3ToM npuHLuIe
OCHOBAHO OIIpefie/ieHye CofepkaHysi HeGeIKOBOro a3oTa B MOJIOKe, ITPU
KOTOPOM C ILIeJIbI0 MONTyYeHNs1 6e36e/IKOBOTO 9KCTPAKTa MCIOIb3YIOT 0Ca-
skneHve 6enKkoB B 12% pactBope TXY [28].

OCHOBHOJ1 TPO6IEMOI1, KOTOPYIO HEOOXOAMMO PELIUTh UCCIefoBaTe-
JIIO TSI CO3TAHUSI TYPOUIVMMETPUYECKOTO METO/Ia, JAIOIIEro HaJeXKHbIN
pe3y/nbTaT M3MepeHMi, SIBJsIeTCs YCTaHOB/IeHMe yCIoBuit popmuposa-
HUS CYCIIEH3UM HepacTBOPMMBIX GeIKOB, ONTUYeCKas! INIOTHOCTh KOTO-
poit GyzeT MporopLUMOHaIbHA cofepskaHuIo 6eka B obpasue [29]. st
YTOUHEHMs] Tpoluenypbl (GopMMpOBaHMS CYCIIEH3UM HepacTBOPMMBIX
6eIKOB ObLIM TIPOBEJEHbI MCCIeNOBAHMS 110 aanTaluy PEeXMMOB IKC-
TPaKLMY ChIBOPOTOYHBIX GETKOB IIPMMEHUTEIBHO K Pa3pabaTbiBaeMOMY
Typ6uaumMerpuueckomy metony. CoracHo merony Guan u ap. [25], mpu-
MeHsIeTCsl pa3BelleHue MOJIoKa aleTaTHbIM 6ydhepoM B COOTHOIIEHUU
1:7. [Ins1 ycTaHOBJIEHVSI OIITMMAaJIbHOM KPaTHOCTY pa3BefeHMs, IPOBOIU-
JIV VICCTIeNOBAHMSI Ha 9KCTPAKTaX ChIBOPOTOYHBIX OEIKOB, MOTyYeHHBIX
U3 ChIPOro MOJIOKa npu pasBeneHusix 1:7, 1:14 u 1:28 B 0,1 N auerar-
HOM Gydepe, nmetomiem pH 4,6. ConepkaHue B MOTyYEHHBIX HKCTPAK-
Tax PacTBOPMMBIX ChIBOPOTOYHBIX 6eynKoB cocrasisuio 0,100+0,013%,
0,051+0,006% n 0,026+0,003% COOTBETCTBEHHO (HAHHbIE MPUBEIEHbI
B dopmate «cpenuee+ CKO»). [ljis1 mectabuansaiuy pacTBOPUMBIX GeJi-
KOB B 111X (OPMMPOBAHMSI ONTHYECKM HEIIPO3PAYHOI CYCIIEH3MM IKC-
TPaKThI CMelBaIUCh 1:1 o o6beMy ¢ pacrBopom TXY KOHIIEHTpauu
24% nna poctykeHus: cogepkanus TXY B cmecu, paBHoi 12%. Ilocie
BHeceHMs1 TXY 06pa3sLibl BbIIEPKUBAIUCH TPY KOMHATHO TeMIiepaType
C TepuoauyeckuM nepeMennBaHyueM. JIMHaMMUKy M3MEHEHUS ONTuUYe-
CKOJi TUIOTHOCTY GEJTKOBOJ CYCIIeH3MM BO BpeMeHM B 00pasiiax usmeps-
JIV TIpY I7IVIHE BOTHBI 650 HM. DKCIIePUMEHT ITPOBOIMIIN B IISTU TIOBTOP-

PucyHok 2. O6opyaoBaHue s
GUIbTpALMU HA MOIMMEPHBIX
MeMGpaHax: ciieBa — GWIbTpanyus
oJ, JeiiCTBMeM BaKyyMa; cripaBa —
bunpTpanusa nox, raBaeHueM
(«mmpuI-HuabTP»)

Figure 2. Filtration equipment on polymer
membranes: on the left — vacuum filtra-
tion; on the right — pressure filtration
(“syringe filter”)

HOCTSIX: 5 06pa31ioB MOJIOKa B 3 pa3BemeHusIX. OLieHKa CTelleHy BIVISTHYS
daxkropos «Koadduunent pazsegennsi» u «Bpemst mociie BHeceHust TXY»
Ha OINTUYECKYIO IUIOTHOCTh GEIKOBOI CyCIeH3UM B 00pasijaX, BBINTON-
HeHHasl MeTOIOM JMCIIEPCUOHHOTO aHaIn3a, peacTaBieHa B Tabmmuiie 1.

Ta6muua 1. Pe3yabTaThl MCIIEPCMOHHOTO aHAIN3a BIAUSIHUS
tdaxropoB «Koadduiuenr passenenns» u «Bpemst mociie BHeceHUs
TXV» Ha IepeMeHHYI0 OTKIMKa «OnTuyeckasi JIOTHOCTh
6eIKOBOJI CYyCIIeH3UN»

Table 1. The results of the dispersion analysis of the influence of the factors
“Dilution coefficient” and “Time after application of TCA” on the response
variable “Optical density of the protein suspension”

®dakTop df SS MS F P
Time 5 0,44325 0,08865 34,02 <0,000001
Kd 2 0,22167 0,11084 42,54 <0,000001
Time * Kd 10 0,04539 0,00454 1,74 0,087664
Error 72 0,18759 0,00261

[Ipumeuanue: df — KOMUYECTBO CTeIeHeli cBOGOMbI; SS — cyMMa KBaApaToB
Bapuauuu; MS — cpenHsisi cymMMa KBagpaToB; F — cratuctika @umiepa; p —
YPOBEHb 3HAUMMOCTH.

O6o3nauenus pakropos: Kd — koahduiineHT pa3BefeHus B alieTaTHOM Gy-
depe (1:7, 1:14 wnn 1:28); Time — Bpems nocie BHeceHust TXY, MuH;

Error — mons Bapuanyy nepeMeHHO OTK/IMKA, OTHECEHHAs K OIIOKe.

V3 pe3yabTaTOB AMCIIEPCMOHHOTO aHa/M3a, MPUBeIEeHHbIX B Tabmu-
e 1, crenyet, uto hakTop «Bpemst rocye BHeceHust TXY» OKa3bIBaeT CTa-
TUCTUYECKM TocToBepHOoe BiausiHue (p<0,001) Ha Be1MUMHY ONITUUECKOM
oTHOCTH cycrieH3un. ®akrop «KoabduimeHT pa3BeqeHus» TAKXKe oKa-
3bIBaeT CTAaTUCTUUECKM JocToBepHoe BiausiHMe (p<0,001) Ha BenMuMHY
OITUYECKOI IVIOTHOCTY CYCIIeH3UN. [IMHaMMKa M3MeHeHMs OITUYEeCKOM
IJIOTHOCTY CYCIT€H3U CIBOPOTOYHBIX OETKOB, OJTYyYeHHbIX U3 HKCTPAK-
TOB B aljeTaTHOM Gydepe ¢ pasHO CTelneHblo pa3BeleHus], IpUBegeHa
Ha PucyHke 3.

[lanHble 10 AVMHAMMKe M3MeHEeHUsT ONITUIECKON IVIOTHOCTU CyCIIeH3UM
CBHIBOPOTOYHBIX GETKOB, KOATYIMPOBaHHBIX B 12% TXY (PuCyHOK 3), TIOKa-
3bIBAIOT, UTO CKOPOCTb HApaCTaHMsI ¥ KOHEUYHOe JOCTMraeMoe 3HaueHue
OINTMYECKO} IUIOTHOCTU 3aBUCAT OT pa3BefeHys (T. e. OT KOHLeHTpalyuu
6eJ1Ka), a TaKKe OT MPOAOKUTETbHOCTY (OPMMPOBAHNST GEITKOBBIX arpera-
TOB. HaunHas ¢ cempmoit MUHYTHI TIOC/Te Havyasaa (GopMMUpoBaHMS CyCIIEH3UN
ONTHUYECKas IVIOTHOCTD CyCTIeH3uit B pa3BeneHmsx 1:14 u 1:7 He omvaeTcst
Mexny coboit (kputepuit Thioku, p<0,05), HO OTIMYAETCSI OT ONTUYECKOI
IJIOTHOCTU B pas3Benennn 1:28 (kpurepmnii Toroku, p<0,05). [Ipu pasBemeHmn-
six 1:7 m 1:14 (conepskanme 6enka 0,100+0,013% 1 0,051 +0,006% cooTBeTcT-
BeHHO) hopMMpoBaHue CycrieH3uy 3aBepinaercs yepes 10 muH. [Tpu passe-
nenuu 1:28 (comepskanue 6enka 0,026+0,003%) Bo3pacTaHue ONTUYECKON
TIJIOTHOCTY ITPOZO/DKaeTcst ¥ rociie 10 MUH BbIIEPKKY 1Tocse BHeceHus TXY.

IonmyvyeHHbIe 3aBUCUMOCTY ONTUYECKON TUIOTHOCTM CYCIIEH3MM KOary-
JIMPOBAHHBIX GEKOB OT Ko3(duiveHTa pasBeieHnst 1 OT TPOAOKUTENb-
HOCTM PeaKuyu OOBSICHSIOTCS OTIMUMSIMU B CKOPOCTY POCTa GEKOBBIX ar-
peraToB U B MX KOHEUHBIX pa3Mepax, Hab/IoJaeMbIX B paCTBOPAx C Pa3HOi
KOHLIeHTpalueii 6enka. Ha PucyHke 4 npuBeneHbl HOTO MUKPOTIPENapaToB
CyCITeH3MM KOAry/lIMpoBaHHbBIX OEIKOB B pa3HOe BpeMs rociie BHeceHyst TXY.

Ha ocHOBaHWM pe3yabTATOB M3YYEHUS] MUKPOIPEapaToB GeaKko-
BBIX CYCII€H3Mii, MpUBEIEHHbIX Ha PucyHke 4, MOXHO cenaThb CJiedy-
jolMe BbIBOABL [IpM BBICOKONM KOHIeHTpauuu 6Genaka (0,100+0,013%
pu passemennn 1:7 u 0,051+0,006% mipu pasBemenun 1:14) koarymu-
poBaHHbIE YacTHIbl Geska (HOpMUPYIOT Majoe KOIMYECTBO arperaToB
¢ GOJIBIIION TUTOIA/bI0 TIOBEPXHOCTH. [Ipy HMU3KOI KOHIIEHTpaluy 6enka
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1 PucyHok 3. U3MeHeHMe ONTHYeCKOol INIOTHOCTY CyCIIEH3UM,
COCTOSIIIel U3 KoaryJaMpoBaHHBIX B 12% TXYV cbIBOPOTOUYHBIX
6eJIKOB, B 3aBUCUMOCTHU OT Ko3dduimeHTa pasBeeHns

| ceiBOpoTKu. K_pa3B — ko3 duinmeHT pasBeseHus B aeTaTHOM

6ydepe. IIpuBeieHbI CKOPPEKTUPOBAHHbBIE 3HAYECHUS OIITUYECKOI

IUIOTHOCTH, YMHOKEHHbIe Ha ko3¢ unmeHT pasBegeHus. [Inanku
pa36época IMoKa3bIBaIOT rPAHUIIbI JOBEPUTEIbHbIX MHTEPBAIOB

[IJIS1 JOBepUTEIbHOI BepogTHOocTH P=0,95 (n = 5)

Figure 3. A change in the optical density of a suspension consisting of whey
proteins coagulated in 12% TCA, depending on the serum dilution coef-

ficient. K_razv is the dilution coefficient in the acetate buffer. The corrected

* K_pa3B = 1:7
* K_pa3B =1:14
x K_pa3B = 1:28

1 3 5 7 10 15 values of the optical density multiplied by the dilution coefficient are given.
The scatter bars show the boundaries of the confidence interval with a 95%

Bpewmsi, MuH confidence level (n = 5)

Pa3BepeHue 1:7; Pa3BepeHue 1:7; PazBepneHue 1:7;

Bpems = 5 MuH

ey, %

Bpems =10 MuH

Bpems = 15 MuH

PazsepeHue 1:14; ] PazsepeHue 1:14; PazBepeHue 1:14;
Bpems = 5 muH Bpems =10 muH Bpems =15 muH

PasBseneHue 1:28; Pa3seneHue 1:28;
Bpemsi = 5 MuH v Bpems =15 muH

& . a i ) < : . .‘ &

PucyHOK 4. luHaMMUKa M3MeHeHus1 PopMbI arperaToB CbIBOPOTOUYHBIX G€/IKOB, KOAryJaIupoBaHHbIX B 12% TXYV,
B pacTBOpax C pasHOi KOHIeHTpaumen 6enka. 06o03uaueHns: «PasBemeHne» — crereHb pa3BeJeHns MOJIOKa
B aueTaTHoM Gydepe; «Bpemsi» — Bpems nociae BHeceHus TXY. [IMHa MepHOro oTpe3ka paBHa 50 MKM
Figure 4. Dynamics of changes in the shape of aggregates of whey proteins coagulated in 12% TCU in solutions with different
protein concentrations. Designations: “Dilution” — the degree of dilution of milk in an acetate buffer;

“Time” — the time after application of TCA. The length of the measuring segment is 50 microns
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(0,026%0,003% 1ipu pasBenenuu 1:28) bopmupyercst 60bIIOe KOMTNYECT-
BO arperaTtoB € Majoii IJIOLaAbI0 MOBepXHOCTU. CyCcrieH3usl, COCTOSIIIAST
13 GOJIBIIIOTO KOMMYECTBA MEJIKUX YaCTHUI, MMeeT GOJbIIYI0 CYMMapHYIO
TJTONA b TIEPEKPBITHSI CBETOBOTO IMOTOKA, M TIOT/ION[AEeT ero CuibHee, uemM
CYCTIeH3Ms1, COCTOSIILAsI U3 MeHbIero KOMM4YecTBa KPyIHbIX YacTUL]. OTUM
MO>XHO O6’bﬂCHI/ITh TOT (l)aKT, YTO IIoCJIe riepecyeTa ONTUYECKO IJIOTHOCTU
¢ yueToM Ko3bhduIlMeHTa pa3BeeHus], B 00pasiiax ¢ BbICOKOI CTEMEHbIO
pasBeieHusI, KOTOPbIe COCTOSIT U3 MEIKUX YaCTULI, TIONyJaeTcs: Gonbliee
3HAUEHMe ONTUYECKOI IIOTHOCTHU, YeM B 00pa3iiax ¢ MEHbIIIeli CTEMEeHbI0
pasBeieHust, KOTOPbIE COCTOSIT U3 GOJIee KPYITHbIX YacTUIL (CM. PUCYHOK 3).

[Monmy4yeHHbIe pe3y/lbTaThl COMIACYIOTCS C TUTEePATyPHBIMU JAHHBIMU.
CornacHO KjIaccu4ueckoil Teopuy CBETOpacCesiHMSs, ONTHYecKas IUIOT-
HOCTDb CYCII€H3UMM MTPOINOPIMOHAIbHA KOHIEHTPAUMW YaCTULL CYCIIEH3 V.
[pouecc popmMupoBaHuUs CyCIIeEH3UM TETUTCS HAa HECKOIbKo ¢a3. B Ha-
yanpHOI (ase (ar-¢dasza) HauMHaeTCs] 0ObeIMHEHMe MOJIEKY] B arpe-
raThl, HO pa3Mepbl arperaToB CTOIb MaJibl, UTO U3MEHEHMsI ONITUUYECKOM
IJIOTHOCTHM He Mpoucxonut. [lanee B dhasze pocTa MPOUCKXOLUT YBeTMIeHNEe
pasMepoB arperaTtoB, COMPOBOKAAIOIIEECs] YBeTMYeHUEeM OMTUUYeCKO
IIOTHOCTH. 3aBeplIaloleii sBisieTcs (asa «ImaTo», Korga 6e1KoBbie MO-
JIEKYJIbI MIPAKTUYECKU IMOJTHOCTBIO IepexoasiT B COCTaB arperaToB, OINTHU-
4yeckasl IVIOTHOCTb CYyCIIeH3MM JOCTUTraeT MakCMMyMa U Jiajiee He MOBbI-
maeTcst. MakcumasabHast JOCTUTaeMas BeIMUMHA ONTUUECKOI TUIOTHOCTY
3aBUCUT OT KonmdecTBa 1 Mopdonorun arperatos [30]. [Ipy 3HaUNTENb-
HOM M3MeHEeHMM KOHLIEHTpauuu 6esika B Cpefie M3MEHSIeTCsl AMHAMMKA
dnokynsumm u mopdonorust arperatos [31,32]. IIpu HU3KOM cozepska-
HuM Genka auHamuKa (GIoKyIsumum 3aMefsIsieTcs, MOMEHT JOCTVIKeHMSI
MaKCUMaJbHOI OTITUYECKO MJIOTHOCTM CYCITIEH3MM ITePEHOCUTCS Ha 6o-
Jiee TIO3/JHee BpeMsl, pasMephl arperaToB yMeHbIIATCS [33,34].

B paspabaTbiBaeMOM TYpPOUIMMETPUUECKOM METOIE M3MEPEH ST KOH-
LEHTPALMM PACTBOPUMBIX CIBOPOTOUHBIX OEIKOB B MOJIOKE ITPOTIOPIIN-
OHAJILHOCTb MEX/AY KOHIIEHTpalyei 6enka M ONTUYECKO IIIOTHOCTHIO
6eJIKOB CYCIIEH3UM IeHATYPUPOBAHHBIX GEJIKOB MOXKET ObITh JOCTUTHYTA
3a cueT GopMUpPOBaHMS GETKOBBIX arperaTtos ¢ eAMHO06pa3Hoit MOpGho-
JIOTHEN ¥ TIyTEM IIOJHOTO BKJIIOUEHMS JE€HATypPUPOBAHHBIX GEIKOBBIX
MOJIEKYJT B COCTaB 3TUX arperatoB. 06a yCJI0BMsI MOTYT ObITh BbITTOTHEHbI
TIpU YCJIOBUM JOCTVXKEHUST ONTUMAaJIbHOM KOHIIEHTPauy CbIBOPOTOUYHBIX
6eJIKOB B 3KCTPAKTe.

CrereHb mepexofa JeHaTypUPOBAHHBIX GETKOBBIX MOJIEKY/I B COCTaB
arperaToB MOXKHO OLIEHUTbH IO AMHAMMKe M3MeHeHMsI ONTUUeCKO TII0T-
HOCTM CYCIIEH3UM ChIBOPOTOUHBIX GEJIKOB, OCaKAEHHBIX B 12% TXY. 3a-
BepllleHMe Tpollecca O3HavaeT MOTHOe BKIIOUeHMe NeHaTypUpPOBAHHBIX
6e/IKOBBIX MOJIEKYJT B COCTAB arperaToB. [Ipy 1CII0/Ib30BaHMM Pa3BeqeHMiA,
SKBVBAJIEHTHBIX pa3BefleHsIM OT 1:7 10 1:14 cbIporo Mosokxa B alieTaTHOM
6ydepe, poliecc HapacTaHMs ONITUYECKOH IVIOTHOCTYU 3aBePILIAETCs Yepe3
10 muH (PucyHok 3). ComepskaHue 6eska mpy pa3BeieHusIX MooKa oT 1:7
1o 1:14 cocrasnstet ot 0,05 mo 0,1%. JaHHbIT TMana3oH KOHIIEHTpaLuit
6EeJIKOB CJIeAYeT CYUTATh ONTUMATbHBIM. C yYETOM TOTO, UTO ITPU KOHIEH-
Tpauyu 6enka 0,1% mpoucxogut hopMMUpoOBaHe KPYITHBIX XJIOTbEB, GbIC-
TPO BBINAJAIOMINX B 0CaI0K, CJIeyeT UCII0Ib30BaTh pa3BeleHus, Jaoye
KoHIeHTpauuu 6eska meHee 0,1%, Ho He Hinke 0,05%.

Ele omHMM aprymeHTOM B IO/Ib3y BbIGOpa KOHIEHTpamuu Genka
B YKa3aHHOM JIMana3oHe sIBJSIeTCS] HeO6XOAMMOCTb 06eCIIeunTh MPOIOI-
SKUTETbHOCTh aHaJM3a, BBITIOJHSIEMOrO C TOMOIIbI0 pa3pabaThIBAeMOro
TYpOMIOVMETPUUECKOTO METO/A, He MPEBbINIAIIYI0 MPOAOKUTEIbHOCTD
aHa/M3a CYIIeCTBYIOUMMU MeTOoAaMuU. [IpofomKUTeNbHOCTh BbIIEPKKI
it GOPMUPOBAHMUST CYCITEH3MM U3 KOATYJIMPOBAHHBIX GEJKOB MPU WC-
0/1b30BaHUy Typougumerpuueckoro metona Harland & Ashworth u ero
mopubukaumii [21,29] cocrasisiet 5-10 MuH. [TosToMy 1151 oGecrievueHs
MTPOIOJKUTEIBHOCTHM BBIIEPKKM TTocTe BHeceHus TXY He 6onee 10 My
c/leqyeT MPUMEHSITh pa3BeleHMs], TTO3BOSIONINe MOMyYUTh KOHIIeHTpa-
LIMIO pacTBOpMMOro 6esnka B akcrpakre ot 0,05 1o 0,1% (PucyHOK 3).

O6pasibl TeEpMUYeCcky 06paboTaHHOTO MOJIOKA COZEepP)KaT MeHbIlee
KOJIMYECTBO PACTBOPUMBIX ChIBOPOTOYHBIX GEKOB, YeM ChIPOE MOJIOKO.
Taxke, KOHIIEHTPAIMs PAaCTBOPMMBIX CHIBOPOTOUHbBIX GETKOB B MOJIOKE
3aBUCUT OT MHTEHCMBHOCTH TEIJIOBOI 06paboTku. Ha PucyHke 5 mmokasa-
HO MOJIEKYJISIPHO-MAacCOBOe paciipesiesieHye 6elKOBbIX BEIIeCTB B ChIBO-
POTOYHOI (has3e TUITMYHBIX 00pPa31I0B MOJIOKA C PasHOIi MHTEHCUBHOCTBIO
TeIJIOBOI 06pabOTKM.

Kak cremyet 13 maHHbBIX, TPUBEIEHHBIX Ha PucyHKe 5, comepkaHue
pPacTBOPUMMBIX ChHIBOPOTOYHBIX O€IKOB B 06pasiax MOJOKa C pasHO
MHTEHCUBHOCTHIO TEPMUUYECKOV 06PabOTKM CYIIECTBEHHO OTIMYAETCS.
st MOCTVMSKEHMST OOVHAKOBOTO COMepskaHust Oeka B pa3BefeHuMu, Ipu
KOTOPOM JOCTUTAETCSI OAMHAKOBAsI AMHaMMKa (GOpPMUPOBAHMS OTITHYIE-
CKOJ1 IJIOTHOCTHU B CYCIIEH3UM KOAryJMPOBAHHBIX CHIBOPOTOUYHBIX OEITKOB
M OOMHAKOBast MOPGOIOTHUsl GENKOBBIX arperatos, CJegyeT MPUMEHSITh
pasHbie K03(DPUIMEHTbI pa3BeleHnit AJi1 00pa30B MOJIOKA C Pa3HOil
VHTEHCUBHOCTBIO [TaCTepU3aL .
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PucyHOK 5. MoJIeKy/IIpHO-MAacCcoOBOe pacipeaeieHmne
¢pakuuy CBIBOPOTOYHBIX GEJIKOB B 00pasiax MoIoKa
C Pa3HO MHTEHCUBHOCTHIO nacrepusanym. O603HaYeHUS
«CpIpoe» — ChIpOe MOJIOKO, He IIOABEPrHyTOe TePMUUECKOI
o6pa6oTke; «[lacTepu3oBaHHOE» — ITaCTEpU30BaHHOE
MOJIOKO C HM3KO/ MHTEHCHMBHOCTbHIO TePMOOGPAGOTKHA;
«IMacrepuzoBaHHOE (+)» — IMACTEPU30BAHHOE MOJIOKO C BbICOKOI
VHTEHCUBHOCTBI0 TEPMOOGPAGOTKY; «Y-IIacTePU30BAHHOE» —
YAbTparacTepmM3OBaHHOE MOJIOKO; 0. — a/ibha-1aKToaIbOyMIUH;
3 — 6era-nakTormo0ynuH; BCA — GbIumii CbIBOPOTOYHBIN

anbOyMuH; Ig — MMMYHOI/I0GYIMHBI
Figure 5. Molecular weight distribution of the whey protein fraction in milk
samples with different pasteurization intensity. Designations: “Raw” —
raw milk, not subjected to heat treatment; “Pasteurized” — pasteurized
milk with low intensity of heat treatment; “Pasteurized (+)” — pasteur-
ized milk with high intensity of heat treatment; “U-pasteurized” — ultra-
pasteurized milk. o — alpha-lactoalbumin; § — beta-lactoglobulin;
BSA — bovine serum albumin; Ig — immunoglobulins

TMono6HbIi nozxxox, 6buT uconb3oBaH Kuramoto u ap. [29], KoTopbie
B pe3ysibTate paboThI 110 MOBBILIIEHMIO BOCIIPOM3BOAUMOCTY TypOUaMMe-
Tpuueckoro metoza Harland & Ashworth ycraHoBm/In, 4TO B 3aBUCMMOCTI
OT KOHIIEHTpalMy Geika B 00pasiie, B pe3ysibTaTe Koary/siiyi IPOUCXOau-
710 hopMMpOBaHMe CYCIIeH3Uii ¢ Pa3HOi CTPYKTYPOit. B 06acTyt BHICOKMX
KOHIIeHTpaluit 6esika HabMoaanoch GOPMIUpPOBaHE KPYITHBIX XJIOTIbEB,
GBICTPO BBIMAAAIOIIMX B OCAIOK, UTO HE IMO3BOJISUIO TMOTYYUTh CTAGWIIb-
HYIO CYCIIEH3MIO, COXPAHSIOIIYIO CBOIO CTPYKTYPY BO BpeMsI TIPOBeIEHSI
u3MepeHuit. B 06acTi HU3KMX KOHIIEHTpaluii 6ejika M3MeHeHue KOH-
LeHTpaluumn 6eJIKa MMPaKTUYECKN He TIPpUBOIUIIO K USMEHEHIUIO ONITUYECKO
[IOTHOCTY CYCIT€H3MN. /ISl TIO/TyUeHMsT CyCTIeH3MM ChIBOPOTOYHBIX GEJTKOB,
OTBeYvarIleit Tpe60BaHUSIM CTaOUIBHOCTH U JIMHEIHOI 3aBUCUMOCTH OTI-
TUYECKO# IIIOTHOCTHM OT KOHIIeHTpatuu, Kuramoto u ap. [29] agantuposa-
JIY pa3Be/ieHyst 00pasIoB B 3aBUCYMOCTH OT COIePKaHMsl B HUX Oeka. [Ijist
MOBBILIIEHNST YYBCTBUTEILHOCTM METOZa, 6bUI0O PEeKOMEHIOBAHO IPOBO-
IIUTh PACTBOPEHYE 9KCTPAKTOB ChIBOPOTOUHBIX GETKOB 10 06bEMY, PACTBO-
pom NaCl B cootHommeHusix 1 + 20 171 MOJIOKa HM3KOTO TeMIIepaTypHOTro
Kaacca u 2 + 10 1711 MOJIOKa BBICOKOTO TeMIIepaTypHOro Kiacca.

Vicxopst U3 3TOTO, Ha CJIeAYIOIIEeM dTarle MCCIeIOBaHNi1 ObLT TPOBEIeH
ron6op koadduuyenrta paspeneHns aleTaTHeIM 6ydepom 11t 06pa3LoB
MOJIOKA C PA3HOJ MHTEHCUBHOCTBIO TEMITEPATYPHOIT 06pabOTKY (ChIpOe,
1acTepu30BaHHOE M YJIbTPANACTePU30BAHHOE) C yueToM (aKTHUUeCKOro
cofiepskaHusi BOMOPACTBOPMMBIX CHIBOPOTOYHBIX GEIKOB B 06pasiie.

ConepykaHue BOZOPACTBOPUMBIX ChIBOPOTOYHBIX GENKOB B UCCIENO-
BaHHBIX 06pas3lax MOJIOKa PasHOTO THIIA, C Pa3HO MHTEHCUBHOCTBHIO
TepMMUUECKOit 06paboTKM, a Takke 3HaueHus kKoddduimenra passee-
HMsI, HeOGXOIMIMOTO [IJIsl TIOJTyUeHMsI KOHIIeHTpaluu 6esika B 06pasijax Ha
ypoBHe ~ 0,05%, npuBeneHbl B Tabnuiie 2.
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Tab6nuiia 2. CogepskaHme pacTBOPMMOTrO CbIBOPOTOYHOIO Geika
B 06pasiax MOJIOKa C Pa3HOM MHTEHCUBHOCTBIO TEPMUIECKOI
06paGOoTKY U IIPU Pa3JINIHBIX Pa3BeJeHUSIX
Table 2. The content of soluble whey protein in milk samples with different
intensity of heat treatment and dilutions

Copmepskanue Koaddu- KoHueHTpanms

Ty MoToKa Genka (6e3 LVEHT 6Genka npu
pasBege- pasBeme- pasBemeHUM,
HuUA), % HUA %
Coipoe (n = 5) 0,64+0,08 1:14 0,05+0,01
IMTactepusoBaHHoOe (n = 3) 0,37%0,03 1:7 0,05+0,004
VnpTpanacrepusoBanHoe (n=7) 0,19+0,04 1:3 0,06+0,01

[TpumeuaHue: 06pasibl MACTEPU30BAHHOTO MOJIOKA C BBICOKOI MHTEHCUBHO-
CTBIO TEPMOOGPA6OTKY, MMeEIOIye COfepyKaHye PACTBOPMMBIX CHIBOPOTOU-
HbIX 6enkoB MeHee 0,3%, ObUIM MCKITIOUEHBI 13 Tpymsl «[lacTepusoBaHHOE
MOJIOKO» U BK/IIOYEHbI B IPYNITY «YIbTpanacTepy30BaHHOE MOIOKO».

n — Koauuecmeo o06pasyos 8 zpynne.

JaHHbIe IpUBefeHbl B GopMe «cpeHee 3HaUeHVe * CTaHAAPTHOE OTKIOHEeHe».

Pa3BenmeHue mornoka B ameratHoMm Oydepe ¢ koabduimentom 1:7,
COIacHO MeToxy, onucaHHomy Guan et al [25], o6ecrieunBaeT yCcTaHOB-
JIeHVe KUCIOTHOCTY CMecH Ha ypoBHe 4,6 ex. pH, uTo rapaHTupyeT mom-
HOE OCaKIeHMe Ka3eMHOB U JeHATYPUPOBAHHbBIX CHIBOPOTOUHBIX OETKOB
U TIOJyYeHMe IKCTPAKTa, COAEPSKAIIEero TOTbKO PacTBOPUMbIE ChIBOPO-
TOuHbIe 6eku. Takoit ke 3¢ beKT JocTUraeTcs u npu passemeHun 1:14.
[pu pa3BeeHNM MOJIOKA alleTaTHbIM 6ydepoM B cooTHOUeHuH 1:3 mo-
JIy4aloT KMCIOTHOCTh pa3BeleHus: Ha ypoBHe 4,7+0,04 en. pH (cpepHee
3HaueHye * cTaHJapTHOe OTKIOHeHMe). Takoit ypoBeHb pH NoTeHIanb-
HO MOKeT IPUBECTY K HeIOJTHOMY OCaK[IeHWMI0 Ka3eMHOB U JIeHaTypHu-
POBAHHBIX CHIBOPOTOUYHBIX GEIKOB C MIEPEXOIOM UX B COCTAB 3KCTPAKTA,
YTO MOKET MCKa3UTb PE3Y/IbTAThl U3MEPEHUS COJePsKaHMUSI PACTBOPUMBIX
CHIBOPOTOYHBIX GEJTKOB TYPOUAMMETPUIECKUM METOIOM.

Bbuto mpoBeneHo cpaBHeHMEe 3(D(HEKTUBHOCTM IKCTPAKIMM ChIBOPO-
TOYHBIX GEJIKOB IPY pa3BeIeHUsIX MOJIOKa alleTaTHbIM 6ydepom B COOT-
Homennu 1:7 u 1:3. OueHka 3¢peKTUBHOCTM SKCTPAKIMM TTPOU3BOIM-
Jlach TIyTeM CpaBHEHMsI COfiepskaHMsI GeTKOBBIX BEIECTB B 9KCTPAKTAX,
KOTOPOE OIpeeNsii CIEKTPO(POTOMETPUUECKM METOAOM, IO BETUYM-
He MOIVIoIeHNs Ha uHe BonmHbl 280 HM [35]. MccnenoBaHue npoBoam-
JIOCh Ha Tpex o6pasiiax TepMuueckyt 06paboTaHHOrO MOJIOKA C PasHbIM
comepkaHMEM PacTBOPUMBIX ChIBOPOTOUHbBIX 0enKkoB. IIpoiemypa sKc-
TPAKIY CbIBOPOTOUHBIX GENKOB M3 KaKAOro 06pasiia MOJIOKa C OleH-
KOJi KOHILIEHTpaluy GeJKOBbIX BELIECTB B KCTPAKTe Oblaa BBITIOTHEHA
B TpexX MOBTOpHOCTSX. OleHKa BAUSHUS dakTopoB «O6paselr; MOIOKa»
un «KoahbuiineHT pasBefeHsI» Ha KOHIEHTPAIMI0 GeTKOBBIX BENECTB
B 9KCTpakTax 6bljia MpoBefeHa MeToJ0M AMCIIePCUMOHHOrO aHanu3a. Pe-
3y/IbTATHI IMCIIEPCMOHHOTO aHa/M3a MpefcTasieHsl B Tabuiie 3.

Tabnmuua 3. Pe3ybraTsl AMCIIEPCMOHHOIO aHA/IM3a BiusHus GakTopos
«06pasen monoka» u «KoaddunyeHT pasBeieHNsI» Ha IePeMeHHYIO
oTK/MKa «KOHIIeHTpalyst 6e/IKOBBIX BEIeCTB B IKCTPAKTE»

Table 3. The results of the dispersion analysis of the influence of the factors
“Milk sample” and “Dilution coefficient” on the response variable “Protein
content in the extract”

®dakTop df SS MS F P
Milk 2 1,867 0,934 113,9 <0,000001
Kd 1 0,016 0,016 1,9 0,193955
Milk * Kd 2 0,041 0,020 2,5 0,124678
Error 12 0,098 0,008

[Ipumevanmne: df — KOIMYECTBO CTEIeHel cBO6OIbI; SS — cymMMa KBaJipaToOB
Bapuaumm; MS — cpenHss cymMMa KBajapaToB; F — cratuctuka @uiepa; p —
YPOBEHb 3HaUMMOCTM.

O603Hauenus haktopos: Milk — o6paser; mosoka; Kd — koadduiimeHT passe-
neHus B auietaTHOM Gydepe (1:3 mmm 1:7).

Error — mons Bapuanyy nepeMeHHO OTK/IMKA, OTHECeHHAs K OLIOKe.

PesynbTaThl IUCIIEPCUOHHOIO aHajM3a, IpuBeaeHHbIe B Tabnuiie 3,
IOKAa3bIBAIOT, YTO MMEeT MeCTO CTAaTUCTUUYECK!U JOCTOBEPHOE BIMSHIE
dakTopa «O6paser mosoka» (p<0,001) Ha KOHIIEHTPALMIO OEITKOBBIX
BelllecTB B 3KcTpakTe. OTCYTCTBYeT CTaTUCTUUECK! JOCTOBEPHOE BIMSIHIE
dakropa «Koadpoduument pazsenenus» (p > 0,1) Ha KOHLIEHTPAIUIO
6€eJIKOBBIX BEIIECTB B 9KCTPAKTe. DTO 03HAYAET, UTO COTEePsKaHMe GeTKOBBIX
BEIeCTB B 9KCTPAKTe 3aBUCUT TOJIBKO OT COJepsKaHus Gesika B o6pasiie
MOJIOKa, HO He 3aBVICUT OT JICIIOIb3yeMOoro KoaduiyeHTa pa3segeHns
MosioKa B anietTaTHoM Gydepe (1:3 mam 1:7). Busyanusanus pe3yabTaToB
JIVCIIepCYOHHOT0 aHanM3a MpeicTaBieHa Ha PucyHke 6.

Ha ocHOBaHMM TMOTyYEHHBIX JAaHHBIX, Ui peaausalunuu Typougume-
TPUUYECKOTO METOAA C ocaxkaeHneM 6enkoB B 12% TXY mpu moayuyeHumn

9,0 : i .
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PucyHOK 6. 3aBMCHMMOCTB ONITMYECKOI INIOTHOCTU 9KCTPAKTOB
ChIBOPOTOYHBIX O/IKOB Ha JjIHe BOIHbI 280 HM, ITOTYYE€HHbIX
Py pa3Hoi CTeIleHM pa3BefeHNs MOJIOKa B aneTaTHoM Gydepe.
Ko — ko3 duIMeHT pa3BeseHus B aleTaTHOM Oydepe.
IIpuBeneHbI CKOPPEKTHPOBAaHHbIE 3HAYEHUSI ONITUYECKOM
IUVIOTHOCTH, YMHOKeHHbIe Ha K03dduieHT pasBegeHus.
IInanku pa3época MOKa3bIBaIOT IPAHUIIBI JOBEPUTETbHBIX
MHTEPBAJIOB /ISl JOBEPUTEIbHO BeposaTHocTu P=0,95 (n = 3)
Figure 6. Dependence of the optical density of whey protein extracts at a
wavelength of 280 nm obtained with different degrees of dilution of milk
in an acetate buffer. K is the dilution coefficient in the acetate buffer.
The corrected values of the optical density multiplied by the dilution coef-
ficient are given. The scatter bars show the boundaries of the confidence
interval with a 95% confidence level (n=3)

9KCTPAKTA CbIBOPOTOUHBIX GEJIKOB M3 MOJIOKA C TIOMOLIBIO alleTaTHOTO

6ydepa cieqyeT UCIOMb30BATD CIEAYIOIINE PAa3BeIEHNS !

0 1:3 guist 06pasioB yIbTpanacTepu30BaHHOTO MOJIOKA U TIACTePU30BaH-
HOTO MOJIOKA C BBICOKOJ MHTEHCUMBHOCTBIO T€PMOOGPaOOTKM, MMEI0-
LIMX COAepsKaHMe PACTBOPMMBIX ChIBOPOTOUHBIX 6enkoB mMeHee 0,3%;

0 1:7 gy 06pasLoB MacTePU30BAaHHOTO MOJIOKA C HU3KOV MHTEHCUBHO-
CThI0 TEpMOOOPABOTKM, UMEIOIIMX COflepsKaHye PACTBOPUMBIX ChIBO-
porounbix 6enkoB ot 0,3% mo 0,5%;

0 1:14 gy 06pasiioB CHIPOrO MOJIOKA, MMEIOIINX COMlepyKaHye PacTBO-
PUMBIX CBIBOPOTOUHBIX 6e/1KOB cBbite 0,5%.

3.3. HccnedosaHue M0JI0KA € paA3HOLI UHINEHCUBHOCBIO
menJiogoii 06paéomku paspabomaHHsIM
myp6udumempuuecKkum mMemooom

Pe3ynbraThl M3MEpPEHMUsT COIepsKaHysI PAaCTBOPUMBIX ChIBOPOTOUHBIX
6eJIKOB B 00pasijax ChIPOro ¥ TePMUUYECK 06paboTaHHOTO MOJIOKA C I10-
MolIbio Typ6uaumMetpudeckoro metoga Harland & Ashworth no mporn-
cu GEA [21] u ¢ moMoIIbi0 TypOUIMMETPUUECKOTO MeTO/Ia, Ipe/Jiarae-
MOTrO aBTOpaMMu, MpefCcTaB/ieHbl Ha PucyHke 7.

V3 pe3y/bTaToB, IIPe/ICTaBIeHHbIX Ha PUCyHKe 7, MOXKHO CesaTh cie-
Iyionye BeIBOAbL. [IpearaemMbplii aBTOpaMy BApUAHT peann3aliuu Typ-
OGUIMMETPUUECKOT0 METOa MMeeT HeCKOIbKO GOJbIIYI0 MOTPEeNIHOCTh
B CpaBHeHMM ¢ TypOomumumerpuyeckum metomom Harland & Ashworth,
0 YeM rOBOPUT MEHbLIN KO3hOUIMEHT eTepMUHALINU PETPECCUOHHO
3aBucumocty (R?=0,94 nis metroma Harland & Ashworth 1 R?=0,88 mgyis
pas3paboTaHHOTO MeTona). [Ipy 3TOM TOYHOCTM pPa3pabOTaHHOrO MeTO-
Jla JOCTaTOYHO /ISl MCIIOJNIb30BaHMSI €ro B KauecTBe 3IKCIIPecc-MeTona
KOHTPOJISI B MOJIOUHO IIPOMBIIIIEHHOCTY B 3asIBJIEHHBIX LEJISIX: OIpezie-
JIeHVie VIHTEHCUBHOCTY MacTepU3anuy MUTbeBOTO MOJIOKA U BbISIBIEHME
TEIUIOBOTO KJIacca CyxXOro Moyioka. PaspaGoTaHHBIA TypOugMeTpude-
CKUI METOA, MMeeT CIefyIolyie IIPeMMYIIeCTBa B CPABHEHUM C OTMCAH-
HBIM BbIlle TypOuaumeTpudeckum metorom Harland & Ashworth:

0 6osnee MosHOEe M3BJI€YEHME PACTBOPUMBIX CHIBOPOTOUHBIX GEIKOB U3

MOJIOKA;

0 masast MpOAODKUTEIbHOCTD aHaIu3a (He 6osee 15 MuH);
0 oTcyTcTBMeE OTEPh BIaru U3 o6pasia npu GuibTpaluum;
0 MeHblilee KOMMYECTBO JIAGOPATOPHOI MOCYIbI 1 060PYIOBAHMSI.
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PucyHOK 7. 3aBUCUMOCTU MEKAY Pe3yIbTaTaMy M3MepPeHMs COAepsKaHusI BOLOPaCTBOPYMBIX CBIBOPOTOYHBIX G€JIKOB MOJIOKA Pa3sHbIMU
MeTozaMM B cpaBHeHuM ¢ MetogoM Keenbmans: A) typounumerpudeckuii merogn Harland & Ashworth; B) Typ6uameTpuyeckuit

MeToJ, pa3paboTraHHbIii aBTopamu. K

a3B

— ko3 dunmeHT pa3BeseHns B alleTaTHOM Gydepe

Figure 7. The dependencies between the results of measuring the content of water-soluble whey proteins of milk by different methods,
in comparison with the Kjeldahl method: A) the Harland & Ashworth turbidimetric method; B) the turbidimetric method developed by the authors.
K _is the dilution coefficient in the acetate buffer

pass

Henmocratkom Typ6uaumerpudeckoro metoga Harland & Ashworth
u ero MozaMbUKaIVii TaKkKe SIBISETCS HEOOXOAMMOCTD MCIIONb30BaHMS
JIOPOTOCTOSIIMX MoJesneil CreKTpohOoTOMEeTPOB, MMEIOUIMX BO3MOX-
HOCTb ¥I3MePEHVISI B PEXVIMe «IIPOIyCcKaHye». [ pa3paboTaHHOTO Typ-
O6MIMMEeTPUUYECKOTO MeTOJa MPUMEHSIOTCST 6osee GIOIKETHbIE MOZEIN
creKTpoGoTOMETPOB WM (HOTOKOIOPMMETPOB, CIIOCOOHBIE M3MEPSITh
OIITMYECKYIO IVIOTHOCTD TOJIBKO B PeKMMe MOITIOLeHMS.

4. 3akn4yeHne

Ha ocHOBaHMM TONTyYEHHBIX HAHHBIX MOXHO CHENaTh Clefykolue
BBIBOJIBI:
) B MOJIOYHO! MPOMBILIIEHHOCTM CYIIECTBYeT HeoOXOOVMOCTb B Ha-
JIMYMM METOJA, TO3BOJISIONIET0 OBICTPO OLEHUTh MHTEHCUBHOCTH
TEIJIOBOJ HATrPy3KM B MCCIemyeMOM o6pasiie MOJoKa. B aTux 1ensx
MPeJIOKEHO MHOXKeCTBO METOJJOB M3MepeHNii, OCHOBAaHHBIX Ha pa3-
JIMYHBIX GU3UUECKUX IPUHIINIIAX
HeJOCTaTKAMU MPEeIJIOKEHHBIX METOMOB SIBJISTIOTCS WIN IUTEIbHOE
BpeMsI aHA/IN3a, VIV BBICOKAsi CTOMMOCTD M3MepUTeIbHOI armnapary-
psl. VimeHHO 110 370 npuunHe meton Harland & Ashworth ¢ mogu-
bukauysIMu 10 cuX Mop BOCTpe6OBaH Kak B MPOMBIIUIEHHOCTH, TaK
M B HAYYHbIX MCCIeN0BaHMAX. Ero HeoCTaTKoM SIBSIeTCsl GOJIbILIast
IIUTENbHOCTb aHaMM3a (o 45 MUH).
Ha ocHOBaHMM NPOBEAEHHBIX UCCIENOBAHMI aBTOpaMu IpeIoskeH
BapMaHT TYpOUAMMETPUUYECKOTO METONa M3MepEeHUs KOHILIeHTPauuun
CHIBOPOTOUYHBIX GEIKOB, B paMKax KOTOPOTO ISl TIOJTYYE€HMsT U3 MOJIOKA
9KCTPAKTA CHIBOPOTOYHBIX OEIKOB OCYIIECTBIISIETCS KUCTOTHOE OCaXKIe-
Hue (nipu pH 4,6) Ka3eMHOB U AeHATYPUPOBAHHBIX CHIBOPOTOYHBIX G-
KOB C Mocienymoleii buibTpanmeit Ha MeMOpaHHbIX GuabTpax. B xome
JIaHHOTO TIPOI[ecca MOyYaloT IKCTPAKT, COIePXKAIINIT PACTBOPUMBIE ChI-
BOPOTOUHbBIE GeJIKM, TTOC/Ie Yero MPOBOAMUTCSI CMeLIMBaHMe YKa3aHHOTO
akcrpakTa ¢ TXY ¢ 1enbio MoydyeHus: KOHEUHO! KOHIEHTPalUM PaBHOI

12%. 3atem QopmupyeTcs: cycrieH3us U3 AeHATypUPOBAHHBIX GEJIKOB,
ONTHYecKasi TVIOTHOCTh KOTOPOI MPOIOPIIVIOHAIbHA COEPKaHUI0 pac-
TBOPMMBIX CIBOPOTOYHBIX GEJTKOB B 9KCTPAKTE.

[1aBHBIM BOITPOCOM, TPEOYIOLIVM PELIeHNMs TIPU CO3JaHUM HAIEKHOTO
9KCITPECCHOTO TyPOUIVMETPUUECKOTO METOMIA, SIBJISIETCSI OIpeeieHne yc-
JIOBUIA (POPMMPOBAHUST CYCIIEH3MM HEPACTBOPUMBIX OEJIKOB, TP KOTOPHIX
OMTHYECKast TVIOTHOCTh CYCIIeH3MM GyeT MPOIOPIMOHAIbHA COMePKaHMIO
6enka B o6pasiie. YCTAaHOBJIEHO, UTO TaKasl IMPOIOPIYOHATBHOCTD MOKET
OBbITh TOCTUTHYTA MPU COMEPKaHMUM PACTBOPUMBIX ChIBOPOTOUHBIX OEIKOB
B muamnasone ot 0,05% 1o 0,1%. ITpu 3TOM, IOC/Ie JeHaTypaluy CbIBOPOTOY-
HbIX 6esIKOB 107, AeiictBueM 12% TXY, dopMmupoBaHue arperatoB 6elKOB
3aBepiuaeTcst yepes 10 MuH nocie BHeceHMs TXY. 3a 3TO BpeMsl JOCTUTAETCS
MPAKTUYECKH TTOJTHOE BKITIOUEHNME OEKOBBIX MOJIEKY/I B COCTaB arperatos.

Ilnst obecrieyeHust cofepykaHusl B MOTy4yaeMOM M3 MOJIOKA SKCTPaK-
Te PacTBOPMMBIX CHIBOPOTOUHbIX O€KOB B AuarasoHe ot 0,05% mo 0,1%
060CHOBAaHO MCIIOJIb30BaHMe PasHbIX Pa3BeIeHMIT MOJIOKA alleTaTHbIM
6ydepom: 1:3 mist 06pasiioB yIbTparacTepu30BaHHOTO MOJIOKA ¥ I1ac-
TEPU30BAHHOTO MOJIOKA C BHICOKOY MHTEHCUBHOCTbIO TEPMOOOPAOOTKHA;
1:7 nyst 06pasiioB MacTepU30BAHHOTO C HU3KOM MHTEHCUBHOCTBIO TEPMO-
06paboTky; 1:14 myst 06pasIoB ChIPOTO MOJIOKA.

Pa3paboTaHHbI BapyaHT peanusalu TypouaMMEeTPUIECKOTO MeTO-
I1a IMEeEeT HEeCKOJIbKO GOJIBINYIO0 TOTPEITHOCTb B CPABHEHUM C TYpOUIMME-
tpuyeckum metonom Harland & Ashworth. OgHako ToYHOCTS IpepJiara-
€MOTO TYypOUAMMETPUYECKOTO METOJA JOCTATOYHA IJIST YICIIOIb30BAHMS
€ro B LIeJSX OMpe[eieHNs] MHTEHCUBHOCTU TMacTePU3AlUU MUThEBOTO
MOJIOKa ¥ OL[€HKM TEIUIOBOTO KJIacca CyXOro MOJIOKa.

[penJioskeHHbIE BapMaHT peanu3aluy TypOUIAMMETPUUECKOTO Me-
Toma, B cpaBHeHuu ¢ metomom Harland & Ashworth, o6amaer 6osblieit
CKOPOCTHIO BBITTOJTHEHMSI aHa/IN3a, MEHbBIIIEH TPyI03aTPaTHOCTbIO U He
TpebyeT MPUMEHEHMs JOPOTOCTOSIIIMUX MOZeJeli CIeKTPOPOTOMETPOB,
MMeIOLMX BO3MOXXHOCTb M3MEPEHUSI B PEXKMMeE «IIPOITyCKaHMe».
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ITOJIYUYEHUE U BUOXNMUNYECKAS XAPAKTEPUCTHUKA CYB/IMMNPOBAHHOT'O
COKA YEPHUKMU N3 PEPMEHTATHBHO OBPABOTAHHBIX AT'O[,
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uepHuUKda, ITepcreKTMBHBIM HaIllpaBJIe€HMEM B TEXHOIOTUY IT€PepabOTKY STOM YePHUKY SIBJISIETCS ITOyUeHMe CyOIMMMUPOBAHHBIX COKO-
(pepmeHmamueHolii BbIX MoyhabpuKaToB. DTO HAIIPaBIeHNE TO3BOJISIET KOMIUIEKCHO PeliaTh BOIPOCHI, CBSI3aHHbIE C Ce30HHOCTbIO TIepepaboT-
2udponus, cyoaumayus, Ku sirof, ¢ ONTUMMU3aLMeli JOIMCTUYECKUX PACXOL0B, C pacliypeHeM reorpaduy MCTOYHUKOB TOCTABKY ChIPbsS, COXPaHSs
CyONUMUPOBAHHBLTL TPU 3TOM BBICOKME OPTaHOJENTUYECKe KauecTBa JIMOMUIM3UMPOBAHHOTO MPOAYKTA. [JITaBHBIMIU MPEUMYIIECTBAMYU TaKOTO
NopouloK, MPOAYKTA SIBJISTIOTCS XapaKTePUCTUKM, OTIPEIeSIONIe CBOCTBA CBEKMX SITO[T, TaK/e KaK BKYC, [[BET, apOMAT, a TAKKe MX -
opzaxonenmuueckue  1eBas M 6MooruuecKast eHHOCTb. Llebio MccieoBaHMs SIBJSIETCST pa3paboTKa TEXHOIOTMUECKMUX PEIeHMI [IJIS TOTyYeHUS
nokasamenu, CYGIMMMUPOBAHHOTO COKA SITOf, Y€ PHUKY, BIPAOOTAHHOTO 13 (hepMeHTaTUBHO 06pabOTaAHHOM Me3TH SITO[I, a TAKKe OIpeese-

Ouoxumuueckuili cocmae Hye ero 6MOXUMMUIECKMX XapaKTePUCTHK. B paGoTe UCIONb30BaIM XUMMUUECKIME (TUTPUMETPUIECKIIT ¥ TPaBUMETPUUECKUIA
METOAbI) U COBpeMeHHbIe (PU3UKO-XMMIUUecKre MeTopl aHanm3a (BOXKX, aToMHO-a6coOpOIMOHHbIN CIIEKTPaTbHbIN aHAINU3,
TOTEHLMOMETPUYECKHUIT U CIIEKTPOPOTOMETPUUECKII METOAbI). B pe3ynbraTe MpOBeIEHHBIX UCCIeN0BaAHMIT GbUIM OTpese-
JIeHBI TTapaMeTphl Mpolecca CyoaMManOHHOM CYIIKM HATMBHOIO COKA SITOJ, YePHMUKU: TeMIlepaTypa CcyommManuym — MUHYC
23+2 °C u paBnenue 70-80 ITa, qocymmBanme — npu remrepatype 38—40 °C. IIpogo/KUTeNbHOCTD Mpoliecca CyonMManoH-
HOJ1 CyLIKY cOCTaBmIa 16 4acoB [0 DOCTMKEHMST KOHEUHOI BIakHOCTY 4%. [ToKa3aHo, UTO Cy6IMMMUPOBAHHBIN COK COXPaHsSIeT
BCe aTpuOYThI KauecTBa HATMBHOTO COKa: BKYC, IBET, apoMar. [laHa XapakTepucTuKa HaTUBHOMY ¥ CyOIMMUPOBAaHHOMY COKY
YEPHMKMU 10 XMMUUYECKOMY COCTaBY: MCCIeq0BaHbl poduian (GraBoHOMIOB, aHTOLMAHOB, HEHOIO- M OPraHMYeCKUX KUCIIOT,
COCTaB caxapoB, BUTAMMHOB ¥ MUHEPaIbHBIX BeleCcTB. YCTAHOBJIEHO, UTO BhIOPAHHbIE TTapaMeTphbl Cyonumanym obecredn-
BaIOT COXPAHHOCTH OMOJIOTMYECKY aKTUBHBIX ¥ MMHOPHBIX BEIIECTB Ha YPOBHE He MeHee 77% OT MX VICXOLHOTO COMlePsKaHMsI
B HATMBHOM COKe. BbICOKYI0 COXpaHHOCTb IPOJ,EeMOHCTPMPOBaIM KBEPLIETVH U PecBepaTpoll, IOTepH SMMKaTexHa COCTaBUIN
9,6%, benomnoxkucaot — 13,7-23,0%, BuTamuHoB — 14-22%. B pe3ynbraTe 06pabOTKM COKa METOLOM CyOaMMAaIy 3aMeueHO
yBeIuueHue copepskanust AenbGUHUINH-3-IMI0K03MUA, UMaHUIVH-3-apabuHo3ua ¥ MaHUIMH-3-TIioKo3uaa Ha 20-35%.
Ionst uMaHUOVH-3-ramakTo3uaa + aeabGUHUINH-3-apabHO3Maa YMEHbIIMIAach Ha 65%, a meabGUHUINH-3-ralakTo3naa —
B 2,85 pasa. YcTaHOBJIEHO YMEHbIIIEHNE B Cy6/IMMaTe COKa COIePsKaHMs MaKpO3JIeMeHTOB (1o 6,0%); 60jiee 3aMeTHbIe TTOTEPH
3adMKCUPOBaHBbI M0 MUKpo3neMeHTaM (0o 14,8%). [lomyueHHbIe pe3ysbTaThl MOKA3a/iM MEPCIEeKTUBHOCTb UCTIONb30BaHMS
TEXHOJIOTUY U BHIOPAHHBIX PEXMMOB CyOIMMAaIV TPK TIOTyYeHUM COKOBOTO YUePHUYHOTO Cybmmarta. Takast TEXHOIOTHMSI CO-
yeTaeT B cebe BO3MOKHOCTY TOTyU€HMS TEXHOJIIOTMYHOTO SITOTHOTO MHTPEAMEHTa C MaKCUMAa/IbHBIM COXpaHEHMEM TPUPOL -
HbIX GMOJIOTMYECKM aKTUBHBIX 1 MUHOPHBIX KOMITOHEHTOB SITOJ, [/Isl TPMMEHEHMsI B TPOAYKTAX 3[[0POBOTO MIUTAHMSI.
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blueberries, Production of freeze-dried juice semi-finished products is a promising direction in the technology of processing blueber-
enzymatic hydrolysis,  ries. This direction allows complex problem solving regarding seasonality of berry processing with optimization of logistics
freeze-drying, costs, extension of the geography of sources of raw material supply while preserving high sensory properties of a freeze-dried
freeze-dried powder, product. The main advantages of such a product are characteristics determining properties of fresh berries, including taste,
organoleptic color, aroma, nutritional and biological value. The aim of the study was the development of technological solutions to produce
characteristics, freeze-dried blueberry juice from enzymatically processed blueberry pulp, as well as determination of its biochemical charac-
biochemical teristics. Chemical (titrimetric and gravimetric) methods and modern physico-chemical methods (HPLC, atomic absorption
composition spectrometry, potentiometric and spectrophotometric methods) were used in the work. As a result of the performed investiga-

tions, parameters have been determined for the process of freeze-drying of native blueberry juice: freeze-drying temperature
of =23 #2°C and pressure of 70-80 Pa, secondary drying at a temperature of 38—40 °C. Duration of the freeze-drying process
was 16 hours until reaching the final moisture of 4%. It is shown that freeze-dried juice preserves all quality attributes of the
native juice: taste, color and aroma. The native and freeze-dried blueberry juice was characterized by the chemical composi-
tion. The profile of flavonoids, anthocyans, phenolic and organic acids, composition of sugars, vitamins and minerals were
studied. It has been established that the chosen parameters of freeze-drying ensure preservation of biologically active and
minor substances at a level of no less than 77% of the initial content in the native juice. High preservation was demonstrated
for quercetin and resveratrol. Losses were 9.6% for epicatechin, 13.7-23.0% for phenolic acids, and 14-22% for vitamins.
As a result of juice processing by freeze-drying, an increase was noticed for the content of delphinidin-3-glucoside, cyani-
din-3-arabinoside, cyanidin-3-glucoside by 20-35%. The proportion of cyanidin-3-galactoside + delphinidin-3-arabinoside
decreased by 65% and that of delphinidin-3-galactoside by 2.85 times. A decrease in the content of macro-elements (up to

IJII TUTVUPOBAHUS: AnekceeHko, E. B., Kapumosa, H. 10., Ceménos, I. B., FOR CITATION: Alekseenko, E. V., Karimova, N. Yu., Semenov, G. V., Krasno-
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6.0%) was established in the freeze-dried juice; more noticeable losses were recorded for micro-elements (up to 14.8%).
The results obtained show prospects of using the technology and chosen regimes of freeze-drying in production of freeze-
dried blueberry juice. This technology combines a possibility of producing a manufacturable berry ingredient with maximum
preservation of natural biologically active and minor components of berries for using in products of healthy nutrition.

1. BBegenue
CoBpeMeHHble TeHAEHUMM B NMILEBOJ MHAYCTPUM Ipeirosaraior

LIMPOKOe MpUMeHeHMe SIrof, M MPOAYKTOB UX [1epepaboTKu B MPOM3-

BOJCTBE IIPOAYKTOB ITMTAHMS, COREpsKallMX OMOTIOTMUYECKM aKTVBHbIE

¥ QYHKUMOHAIBHO 3HAUMMbIe BeIleCTBa, KOTOPbIe MMEIOT JI0Ka3aHHOe

MONOXKNUTEIbHOE BO3[EJCTBMe Ha OpraHmsM uesnoBeka [1]. OgHako Mo

MpUYMHE CEe30HHOCTM c6opa Srof BO3MOKHOCTU UX KPYIIOTOAMYHOTO

MpUMeHeHMsI B MUILEBbIX TEXHOJIOTUSIX CYIIeCTBEHHO OIPaHMYMBAIOTCS,

YTO OBGYCIOBIMBAET 1€1€CO0OPA3HOCTh TMOMYyYEHUS STOIHBIX TOIyda-

O6PMKATOB, JOCTYITHBIX JJIs1 UCIIONb30BAHMS B TeUeHMe rofia. B HacTosiee

BpeMsI 1151 IepepabOoTKY SITOZ, CYIeCTBYeT GOMBIION apCeHal TEXHOIOT M-

YeCKMX CII0COO0B 1 IPUEMOB, O3BOJISIIOLINX YCIIEIIHO PeIlaTh 3TU 3a/a-

yy. OZHAKO BOIPOCH MaKCMMAaIbHOTO COXpaHeH)s 6MOreHHOTo MOTeH-

LMana sirof, U TOCTVDKeHMs TpeGyeMbIX MoKasaTresieil KauecTsa Bce ele

JIOCTAaTOYHO aKTyaabHbl. He MeHee BaKHBIMM SIBJISIIOTCSI BOITPOCHI 06ec-

[€YEHNMsT TEXHOJNIOTMYHOCTY MPOAYKTOB IepepaboTKy SITOf, YAOBIETBO-

psitoLeit KpUTepusiM JJOTUCTUKY U IIPMEMIEMOCTH B IIPOM3BOJICTBeE.

CoBeplIeHCTBOBaHME COBPEMEHHBIX TEXHOJOTMI CYMIKM, TaKMX Kak
BaKyyMHasl CyGIMMalMOHHAsI CYIIKa, ITO3BOJSIET KOMILIEKCHO IOfO0¥-
TY K pelleHMI0 IPobiieM, CBSI3aHHBIX C Ce30HHOCTBIO 1epepaGoTKy SITOfI,
C ONTMMM3ALMEN IOTUCTUUECKMX PACXOIOB U C paciIpeHyieM reorpadu-
YeCKVUX 30H ITOCTAaBKU ChIPbsI (HE TONBKO B KOHTEKCTe GIM30CTY K Ipeq-
MIPUSTUSM-TIOTPEOUTEIISIM), COXPAHSISI TP STOM BbICOKME OPraHOIeITH-
Yyeckye CBOMcTBa MMOoGUIM3MPOBAHHOTO poAykTa. OCHOBHOe BHUMAaHMe
yIesnsieTcsl KI0ueBbIM XapaKTepUCTHKaM CBEXMX SITOfl, TAKMM KakK BKYC,
LIBET M apOMaT, a TaKkkKe UX MUILIEBOi 1 6MONIOrMueckoii eHHOCTU. -
(exTMBHOCTH CyOIMMMALMOHHO BaKyYMHOJ CYLIKY T0Ka3aHa Ha IpuMepe
SITOJ, YePHUKM [2,3] KIIOKBBI [3,4], BULIHM, KIYOHUKY [3], S9KCTpaKTa IMIN-
MoBHMKA [5], momoB Mao6eppu (Antidesma Bunius L.) [6], depmeHTHPO-
BaHHBIX sirof, 6pycHuKY [7] u gp. CoBpeMeHHbIe MCCIefoBaHus B cdepe
MIpUMeHeHYsI CyGIMMALMOHHOM BaKYYMHO CYIIKY SITOJ, ¥ ITPOLYKTOB UX
repepaboTKM YoeoyUTeTbHO IeMOHCTPUPYIOT BBICOKMIT YPOBEHb COXPAaHHO-
CTY MIPUPOJHBIX KOMIIOHEHTOB SITOZ, B CPAaBHEHUM C APYTMMM CIIOCO6amMu
BbICYIIMBaHMsL. [IpeficTaBIeHbl apryMeHTpOBaHHbIe JaHHbIe, UITTIOCTPU-
pylole IpeumyLecTBa Cy6IMManOHHOM BAKYYMHO CYILIKY IO CpaBHe-
HUIO C KOHBEKTUBHOIA [3,6] 1 C pacIbUIMTENIBHOM CYIIKO [5]; OTMeuaeTcst
6ostee BbICOKAsT CTaBGMIbHOCTb 6M0aKTMBHOTO MOTEHIMAa TMODUIN3UpO-
BaHHBIX MTPOAYKTOB B Mpoliecce xpaHeHus [8]. B HacTosiee BpeMs akTy-
aJIbHbI MCCIENOBAHNSI, HAIIPABI€HHbIE HA PA3pabOTKy TEXHOIOTMYECKUX
peleHNit, MO3BOMSIONIYX ITOyYaTh MPOLYKTHI U MUILEBble MHIPeIMeHTbI
13 siTof, 06aJaromMx GyHKIMOHATbHBIMM CBOVICTBAMM [9)].

SIronbl UepHMKM — MPU3HAHHBIN MCTOUHMK BUTAMMHOB, MUHePasb-
HBIX BeIeCTB M MVHOPHBIX OMOJIOTMUYECKM AKTMBHBIX BEILECTB; OHU
006J1aJaI0T MYJIbTUTEPANeBTUYECKUM 3(PHEeKTOM (AaHTMOKCUIAHTHBIM,
MIPOTUBOBOCIIAJINTENbHBIM, IPOTMBOPAKOBBIM, HEePONPOTEKTOPHBIM
u ynydmaomyMm 3penue) [10,11,12,13]. OgHyMY U3 TPaAULMOHHBIX IIPO-
IYKTOB I1epepaboTKU SITOf, SIBJISIIOTCS COKM, aKKyMyaupymouye B cebe
IOCTOMHCTBA CIIeNBIX Srofl. DPPeKTUBHBIM TEXHOIOIMYECKNM PelleH -
eM MOKeT CTaTb IOJNyyeHMe CyOIMMUPOBAHHBIX UEPHUUYHBIX COKOB —
KOHIIEHTPATOB IMOMe3HBbIX JJIS1 30,0POBbsI UeloBeKa MPUPOAHBIX KOMIIO-
HEHTOB $IT0Jl, B TOM UMc/ie HaTypaJbHbIX KpacuTesieil, aHTMOKCUIAHTOB
Y apOMaTK3aTOPOB. DTV KOHIEHTPAThI 06/IIal0T YBEIMUEHHBIM CPOKOM
TOHOCTY TI0 CPaBHEHMIO CO CBEXKMMM SITOIaMU, UTO MO3BOJISIET PaCIin-
PUTb ACCOPTMMEHT MPOAYKTOB 3L0POBOTO MUTAHUSI U 00ECIIeYUTH [O-
CTYTTHOCTb Ce30HHOJ MPOYKLMM B TeUeHye roja.

Llenbio McCIen0BaHNUs SIBISIETCS pa3paboTKa TeXHONIOTMYeCKUX pellie-
HUI 1S TTOMy4YeHus CyOMMMMPOBAHHOTO COKa SITOJ, YePHMKM, IIPOU3Be-
JIeHHOTo 13 (hepMeHTATUBHO 06pabOTAaHHOI Me3rH SIT0f, a TAKKe MccIe-
JIOBaHYe ero 6GMOXMMUYECKOTO COCTaBa.

1151 peanmsauyy IOCTABJIEHHO ey penlany cjiegyrolye 3a1aun:
1. OnpenenuTb PeXXMMbI 3aMOPAXKUBAHMS U TEMITEPATYPY CyOIMMAaIN

COKa JI/ISI OCYIIIeCTBIIeHNS ITpoliecca CyOIMMalMOHHOM CYLIKY;

2. JlaTb GMOXMMMYECKYI0 XapaKTepUCTUKY CYOIMMMPOBAHHOMY COKY
YePHMKY KaK MCTOUHMKY ITOJIe3HBIX IJIS1 3[0POBbs UeloBeKa Ipupoi-
HBIX KOMIIOHEHTOB SITOf1;

3. OueHuTb 3¢)HeKTMBHOCTh BHIGPAHHBIX PEKMMOB CyOIMMAIM C II0-
3ULIMM COXPAHHOCTY GMOIOTMYECKM aKTUBHBIX BEIEeCTB COKa.
Peaym3anysi ocTaBIeHHbIX 3a5a4 3aJI0KUT OCHOBBI JIS1 Pa3paboTKu

TEXHOJIOTMY CYG/IVIMMPOBAHHOTO COKa STOJ, YePHUKM, 06ecIieynBaloniei

3¢ dexTMBHOCTD IpOIeCca CyOIMMAIMOHHO CYLIKK U HauboJiee MojiHoe

coxpaHenyue BAB sirop, ipyu IoTy4eHn IOPOIIKOBOTO Cy6iMMara.

2. O6G'BEKTHI M METOMbI

B kauecTBe 06BEKTOB UCCIEOBAHMUS VCIIONb30BAIN CIEAYIOLIE ChI-
pbeBble KOMIIOHEHTBI: JUKOPACTYIasl JecHasi YepHMKa IIOKOBOI 3aMO-
posku ypoxkast 2022 roma, cobpaHHas B yiecax Kapenuu. @epmeHTHbIe
npenapartsl (PII): «emno3um npemuym» (000 «BMMOTEXHOAJIBSHC»,
Poccust) u «Mauepobauwuine» (MHCTUTYT GUMOXMMUU U (U3UOTOTUN
mukpoopraunsmoB umenn I. K. CkpsiouHa Poccmiickoii akageMmnn HayKk
VBO®M PAH).

Ilnst 060CHOBAHMUST PEKMMOB 3aMOPaKMBaHMS M TeMITepaTypbl Cy0-
JIMMaluy NPUMEHsUIM TepMudeckuii aHamus. Kpuockonmyeckyio Tem-
repaTtypy OmpenensiM MetomoM nuddepeHIaNbHON CKaHUPYIOIIei
kanopumerpun (JCK) B mHTepBane Temmneparyp oT +12°C mo MuHYC
50°C na ycraHoBke Q20 (TA Instruments, CILIA) pu moToke Ar, paBHOM
50 ma/MuH. Kprockomuueckasi TemMriepaTypa — 3TO TeMIleparypa, mpu
KOTOPOJ HaYMHAETCs BblAeIeHre KPUCTAIIOB JIba U3 pacTBopa 6e3 1e-
peoxIakIeHNs.

[MonryuyeHHOe 3HAUeHMe KPMOCKOMMYECKUX TeMIepaTyp [JjIsl orpese-
JIEHUS TOJT BBIMOPOSKEHHO BJIary NPy KaxkI0i KOHKPETHO! TemIepa-
Type onpenensv o opmyse (1):

t 273-T,

il R 1)
t 273-T ’
rze o — O0Js1 BBIMOPOXKeHHOV BOZbI;

th — KpMOCKoIIyecKas Temieparypa;

t— TeKyllas TeMIieparypa 1o mKauae ]_[eJ'leI/Iﬂ;

Tw u T — Kpuockonmyeckas ¥ TeKylasi Temreparypa 1o mkane KeibBuHa.

o=1-

AHanmm3 6MOXMMMYECKUX XapAaKTEPUCTHUK COKA U CyOIMMMUPOBAHHO-
ro TOPOIIKA YEPHUKM BBIMOJHSIIA C ITOMOIIbI0 (PU3UKO-XUMUYECKUX
MeTOJOB.

MaccoByI0 JJOJTIO CYXUX BEILeCTB B COKe OIpeessuii pe)pakToMeTpu-
YyeckMM MeTomoM Ha pedpakTomerpe MPD-454 B2M (OAO «KasaHckuii
OITUKO-MeXaHUYeCcKuit 3aBoy, Poccus).

MaccoByI0 [IOJIIO BJIarM OIpeNessuii TPaBUMETPUUYECKUM METOLOM
(BbICYLIMBAHMEM JI0 TTIOCTOSTHHOM Macchl rpu temieparype 105 °C B cy-
unibHoM 1kady LOIP LF-120/300-VS1 (3AO JIOull, Poccus)).

MaccoByio OO0 30/bI ONpPeNeNsuid TPaBUMETPUYECKMM MeTOLOM
¢ ucrnonb3oBaHueM mydenbHoit meun CHOJI 3/11 (OO0 «TexHOTEpM»,
Poccus).

ConepskaHMe aHTOIMAHOB OIpeNessyii B COOTBETCTBMM C rocCynaap-
CTBeHHbIM cTaHzaproMm! Ha crnekTpodoromerpe UNICO 2800 (United
Products and Instruments, Inc, CIIIA).

ComepskaHye XMHHOM, SI6JI0YHOI U JIMMOHHOJ KMUCJIOT MCC/IENOBaIN
MeTOZIOM BbICOK03((EKTUBHOI KMIKOCTHO XpomaTtorpadum (BIXKX) Ha
xpomarorpade Agilent mogenu 1260 Infinity IT LC (Agilent Technologies,
CIIA). Vcrnonb3oBany aHATIUTUYECKYIO KOMOHKY Zorbax ODS c¢ pasme-
pPOM yacTuil 5 MKM AMHOM 250 MM M BHYTPEHHUM AMaMeTpoOM 4,6 MM.
HonswskHas dasa — pactsop 0,2 M KH,PO, ¢ 2,4 eq. pH, cKopocTb NOTOKa
0,8 m1/MuH, Temmeparypa konoHku 20 °C, criekrpodoTomeTprueckuit ne-
TEKTOP C JJIMHOI BOJHBI 214 HM, 06beM MHKeKIMM 10 MKIT.

TUTpyeMyto KUCTIOTHOCTD OTIpeIeIsiii MTOTEHIIMOMEeTPUYECKU B COOT-
BETCTBMM C TOCYIapCTBEHHBIM CTaHZAPTOM? Ha aBTOMAaTUYECKOM TUTpa-
Tope ATII-02 (OO0 «HITO AkBunon», Poccus).

CymMmapHoe copepskaHue monn$eHONMbHbIX COeqUHEHNI aHATU3UPO-
Basu MetonoM PonnHa-YoKkanabTey B COOTBETCTBMM C PYKOBOACTBOM® Ha
criekrpodoromerpe UNICO 2800 (United Products and Instruments, Inc,
CIIIA).

[Mpoduib 1 KOMMYECTBEHHOE COofiepykaHMe MonndeHoNIoB onpeness-
s MmetogoMm BIXKX. McciiemoBaHust MPOBOAMIN C IPMMEHEHMEM BbICO-
K03 PeKTBHOrO XMUIAKOCTHOro Xpomarorpacda Agilent momenn 1260
Infinity I LC (United Products Instruments, Inc, CIIIA), ncronp3oBammn

! TOCT 32709-2014 «MeXrocyapCTBeHHbIIi CTaHAAPT MPOAYKLMS COKOBas.
MeToppbl onpeienieHus aHToIMaHHOB». M.: Crangaptuudopm, 2014. — 20 c.

2 TOCT ISO 750-2013 «IIpomyKThl epepaboTku GppyKTOB 1 oBomieii. Onpene-
JIeHMe TUTPyeMoii kKucmotHocTi» M.: Ctangaptundopm, 2019. — 8 c.

5 P 4.1.1672-03 «PyKOBOICTBO IO METOZAM KOHTPOJIS KadecTsa 1 6e3ornac-
HOCTU 6I/IOJ'IOI‘]/[lIeCKV[ AKTUBHBIX ,ElO6aBOK K [uie». VTBep)K,E[eHO U BBeJ€HO
B gelicTBue I'JTaBHBIM roCyfapCTBeHHBIM CaHMTapHbBIM BpadyoM Poccuiickoii ®e-
ngepauuy, ITepBpiM 3amectuTenem MuHKUCTpa 3apaBooxpaHeHust Poccurickoii @e-
nmepatyu I. T. Ouuienko 30 mionst 2003 1. dmeKTpoHHbIN pecypc: https://docs.cntd.
ru/document/1200034795. [lata goctyma 05.12.2023
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QHAMTUYECKYIO KOJIOHKY Zorbax ODS ¢ pa3mepom 4acTuii 5 MKM, JIJIi-
HO¥ 250 MM ¥ BHYTpeHHUM AMaMeTpoM 4,6 MM, TeMIepaTypa KOJIOHKU
20 °C. IlogsmskHas dasa: 3M0eHT A — IMCTWIIIMPOBaHHAas Boja, B — ab-
COMIOTHBIN MeTaHoN, C — CMeCh AUCTU/UIMPOBAHHOI BOIbI/IelsHast yK-
cycHas Kuciota 96:4 (o o6bemy). [Iporpamma rpaguenTa: 0 muH — 15%
Bu85% C; 15 muu — 75% A n 25% B; 20 muu — 15% A n 85% B; 40 Mun —
40% A n 60% B; 45 muH — 5% A n 95% B; 55 mun — 5% A u 95% B;
60 MmyuH — 85% A 1 15% B; 70 mun — 85% A 1 15% B. [Ipu 3TOM CKOpPOCTh
rosauu snoenTa cocrasisuia: 0 My — 0,5 mui/muH; ot 15 go 70 Mua —
0,8 mii/MuH. O6beM BBOAMMOI MPOOBI — 5 MKII. [leTeKTUpOBaHMe OCy-
mecTBastu nipu 280 (TrasyioBasi KMUC/IOTA, SMUKATEXMH, KOPUUYHAs KUC-
nora), 303 (pecseparpon), 330 (kodeitHasi, xoporeHoOBast U depyaoBast
Kucaora) u 360 HM (PYTUH U KBEPIIETIH); YKa3aHHbIE IJIMHbBI BOJTH ObLIN
MpeJBapUTeIbHO BHIOPAHbI 110 CIIEKTPOGOTOMETPMYECKMM TTapaMeTpam
omnpejensieMbIX KOMIIOHEHTOB.

[Tpoduib aHTOLIMAHOB UCCIeAOBaAN MeTofoM BOXKX Ha xpomaTorpa-
e Agilent momenu 1260 Infinity I LC (United Products and Instruments,
Inc, CIIIA) ¢ ucronb30BaHMEM aHAIUTUYECKON KOMOHKM Zorbax ODS ¢
pa3mMepoM YacTuIl 5 MKM, AauMHOM 250 MM ¥ BHYTpEeHHUM AMaMeTPOM
4,6 MM, TeMiiepaTtypa TepmocTaTta 40 °C. [leTeKTMpOBaHMe IPOBOIMIN Ha
CIeKTPOPOTOMETPUUECKOM AETEKTOpe P JIHe BOMHbI 518 HM. O6b-
eMm mHkekimu — 5 MkiI. [TogBiskHas dasa: amoeHT A — 10%-HbIit pac-
TBOP MYPaBbUHOI KUCIOTHI; 3/110eHT B — 10%-Hblii pacTBOp MypaBbUHOM
KUCIOTHI, comepskaiunit 50% aterountpuia u 40% AUCTU/UTMPOBAHHOM
Bozpel. [Iporpamma rpagmenTa: 0 MuH — 88% A u 12% B; 26 mun — 70%
An30% B; 35 muu — 0% A 1 100% B; 43 muH — 88% A 1 12% B.

Comepskanne HuKoTuHamuzga (PP) ompenensyii MeTOOM O6paleH-
HO-(}a30B0i1 BbICOKO3(D(EKTUBHOI XMUIKOCTHOI XpomaTorpadum (OD-
B2XXX). Ananus mpoBomwin Ha xpomarorpade Agilent momenu 1260
Infinity II LC ¢ ucrnonb3oBaHMeM aHaIUTUYECKOI KOJIOHKMU Zorbax ODS
C pa3MepoM YacTuIL 5 MKM, AJIMHONM 250 MM ¥ BHYTPEHHUM OVaMeTPOM
4,6 mm. Temmeparypa KOJIOHKM coctasisuia 25 °C, nonsukHas ¢asa —
pactBop auruapodocdara xkanus 0,05 mons/a pH=3,0, ckopocTs mogaun
aneHTa — 1 mui/MuH. O6beM BBOAMMOIE Tpo6bI — 20 MKJI. [JeTeKTMpoBa-
HIe OCYILECTBIISUTM Ha CITIEKTPOGOTOMETPUIECKOM e TEKTOPE MPU JJIHE
BOJIHBI 261 HM.

Omnpepnenenne ButamyuHa C OCYIIECTB/ISUIA C TTOMOIIBIO BBICOKO3(-
(bekTMBHOI KUAKOCTHOI XpomaTorpadumn. Mcronb3oBanau xpomartorpad
Agilent momenu 1260 Infinity II LC, aHanMTM4eCKyl0 KOIOHKY Zorbax
ODS ¢ pa3mepom yacTui, 5 MKM, JyIMHOV 250 MM ¥ BHYTPEHHUM [Ma-
meTtpoM 4,6 MmM. [TogByskHas dasza — pacTBop purugpodocdara HaTpust
0,1 monb/n pH=2,5, ckopocTs otoka 0,65 MJI/MIH, TeMITepaTypa KOJIOH-
kn 25 °C, criekTpodoTOMEeTpUUECKMIi JeTEKTOP C IMHOM BOTHBI 243 HM,
00beM MHKeKIMM 10 MKIIL.

OmpeneneHye IMaHTOTEHOBON KUCIOTHI (B5) mMpoBoamay MeTOoOM
obpaieHHO-()a30Boi BbICOKOI(pGEKTUBHOI XUIKOCTHOM XpoMaTorpa-
dbun (ODP-BIXKX) Ha xpomaTorpade Agilent momenu 1260 Infinity IT LC
C VCIIONb30BaHMEM aHAIUTUUYECKON KolMoHKM Zorbax ODS ¢ paszmepom
yacTul, 5 MKM JyinHoi 250 MM ¥ BHYTPeHHMM JuaMeTpoM 4,6 MMm. Tem-
repaTtypa KoJIoHKM coctaisiia (20+5) °C, mogsuxkHas (asa — pacTBop
MeTaHOI: BOOHBIN pacTBop docdara Hatpus (1:9) ¢ pH=2,5, ckopocThb
romaun snmwoeHta — 0,5 mia/mMud. O6bemM BBOAMMOI Mpo6bl — 20 MKIL.
IleTeKTUPOBaHMEe OCYIIECTB/ISUIM Ha TMOSHOMATPUYHOM JIEeTEKTOpe Mpu
OyHe BOJHBI 220 HM.

CoznepykaHue IMIOKO3bI, GPYKTO3bI M CaXapo3bl PACCYUTHIBAIN METO-
oM 06paIeHHO-(Ga30Boi BbICOKOI(hGEKTUBHOI SKUIKOCTHOI XpOMATO-
rpadum (OP-BIKX) ¢ ncronb3oBanmem xpomarorpada Agilent momenu
1260 Infinity IT LC, ananmTuueckoii kononku Zorbax NH, ¢ pasmepom
YacTull 5 MKM yinHOI 250 MM ¥ BHYTPEHHUM AuaMeTpoMm 4,6 mm. ITox-
BIDKHAS (a3a: alleTOHUTPWI U AUCTU/UTMPOBAHHAS BOJA B COOTHOIIEHNN
80:20, ckopocTh MoToKa 1,4 cM3/M1H, TeMIIepaTypa TepMOCTaTa KOJTOHKI
(32%£0,1) °C, pedpakTomMeTpuueCKUil ETEKTOD, TEMIIEPATypa TEPMOCTa-
Ta stueiiku merekropa (32+0,1) °C, 06beM MHKEeKIMM ITPOOHI 5 MKIIL.

ConepykaHue ob6iero 6enka onpenensyii Mo metony Keenbpnans Ha
ananm3atope azora UDK 159 (VELP Scientifica SRL, Mtanmust), KOTOpBbIit
3aK/II0YaeTCsl B ONpeleleHNy as3oTa C IOCIeLyolM [epecyeToM Ha
6eoK. YUMTBIBas, YTO B MCC/IEMyeMbIX 00pasiiax HU3KOEe COfiepsKaHue
JIATIMI0B, KO3 GUIIMEHT TIepecueTa a30Ta Ha 6e/loK 6pajivt paBHbIM 5,7.

Ilnst ompeneneHUs] MUKPO- M MaKpO3JIEMEHTOB MCIIONb30BaIM Me-
TOJI aTOMHOJ abcopbIMM ¥ aTOMHO-a0COPOLIVIOHHBIN CITIEKTPOMETP A-2
000 «HITO AXBMIOH» C 37IEKTPOTEPMMUUECKOI STUeIIKOI M IIaMeHHO
rOPEeJIKOi COOTBETCTBEHHO. IIPOBOMOATOTOBKY IMPOBOAMINA C IpUMe-
HEHMEM CHUCTEMbI MMKPOBOJHOBOrO pasioxkenus: speedwave MWS-2,
(Berghof Products + Instruments GmbH, l'epmaHnust). PaznosxkeHue npo6sr
MTPOBOIVIIN TIPY CAEAYIONINX YCIOBUSIX: HarpeB a0 masienns 150 kIla co
ckopoctbio 20 kIla/muH, 3atem HarpeB 1o gasiaeHus 800 kIla co ckopo-
crbio 80 klla/MuH, Bimepkka 1 muH ripu gasaenun 800 klla, HarpeB A0

nasinenus 1500 xIla co ckopoctbio 80 KIla/mMuH, Bbimepskka 10 MyH npu
nmasneHuu 1500 kI1a u oxnaxkgeHue.

IIpoyedypa pepmenmamusHoli 06pabomxu 2200 uepHuKu. SIrombl uep-
HUKU OedpOoCTUPOBaIM MPU KOMHATHOI TeMIlepaType U IOABepraan
u3MebueHuI0. [ToyueHHyI0 Maccy HarpeBaiu 1o 45 °C, mepuoanyecku
repeMenIBaIM, BHOCWIN (hepMeHTHbIE IperapaTsl B KOHLIEHTpAlM-
ax 0,01% xaxnaplii K Macce sirogHoi Me3ru (8,8 en. LnC/r 1emttono3bl
1 6667 en. [TekraT-1C/T TeKTMHA) ¥ IPOBOAIIN TUAPOIN3 TIPU TeMIlepa-
Type 45 °C B Teuenue 90 munyT [14]. [To okoHYaHUM ruzpponusa pepmeH-
ThI MHAKTMBUPOBAJIY HarpeBaHMeM, 3aTeM IIPeCcCOBaHMeM OTXKMMaJU COK
yepe3 HeliJIOHOBYIO TKaHb MII0THOCTBI0 200 r/cM®.

C60p JaHHBIX 1 06PaBOTKY pe3y/IbTaTOB IPOBOAMIIN C TOMOIIBIO TIPO-
IrpaMMHBIX 06ecIieueHni: BbICOK0I(DPEeKTUBHbIE KUAKOCTHBIE XPOMATO-
rpadsi Agilent mopenu 1260 Infinity I1 LC — OpenLab CDS2.5, moreHuuo-
meTpuueckuii Turpatop ATTI-02 — Nitrate 5.X, aTOMHO-a6COPOILIMOHHBI
a"anmusaTop — AAWin 3.0.

Bce nsMepeHust GbUTM BBITTOJTHEHBI B TPEX Mapaslie/IbHbIX M3MepeH-
SIX, pe3y/lbTaThl MpPeICTaBlIeHbl Kak cpegHee apudmernyeckoe+cTaH-
JlapTHOE OTKJIOHEHUE.

3. Pe3ynbTaThl M 06CYKOEHME

3.1. 3amopaxcusaxue coka uepHUKU

st momyyeHus] MeNKOKPUCTAIINUYeCKOi CTPYKTYPbI COK UYePHUKU
3aMOPaKMBaJIXM B MOPO3MJIbHOI Kamepe mpu TemmnepaTtype munyc 40 °C
¥ TIPY MHTEHCUBHOM IVPKYJISIINY BO3ayXa co ckopocThio 10 m/c [15].

3.2. BakyymHas cyonumMayuoHHas CywKka coka YepHuKu

Il BpIOOpa TemIlepaTypbl CyOGmmMmMaly ObIT MCIIOIb30BaH TEPMMU-
YyeCKuil aHaau3 ChIpbsi. VI3BeCTHO, UTO 17151 3¢ (PeKTUBHOTO MPOBEIEeHMS
rpoiiecca Cy6IMMAIMOHHOM CYIIKY (QPYKTOB M SITON U3 3aMOPOSKEH-
HOTO CbIPbSI JOJDKHO ObITH yAaneHo (ha30BbIM [1€PeXofoM «Jel, — rap»
(T. e. cybnumanmeit) mopsiaka 85-90% comepskaieiicst B 06beKTe CYIKu
Baaru [15]. YncaoBasi 3aBUCMMOCTb JIOJIM 3aMOPOXKEHHOM BJIary Mpu
KOHKPETHO} TeMIiepaType — 3TO WHAVBUIYAJbHBIV TapameTp AJist
KaXXJ0TO BU/IA ChIPbSI.

Pe3ynbTaThl TEPMUYECKOTO aHaaM3a IOKa3aiM, YTO KPUOCKOIMU-
yeckasi TeMIiepatypa COKa YepHMKM COCTaBiseT MMUHYyC 3,35°C, 4TO
SIBJISIETCS JOCTaTOYHO HU3KMUM 3HadeHMeM [JIS1 ChIPbSl PACTUTETbHOIO
rpouncxoxaeHus. [1o momyyeHHOMY 3HAUEHMIO KPMOCKOMMYECKON TeM-
repaTypbl paccuMTaHa Jojsl BBIMOPOXK€HHO Baru B 3aBUCUMOCTY OT
TeMIlepaTypbl IPOAYKTA. Pe3ynbTaThl MCCIeI0BaHNS MIPeCTaBIeHbl Ha
PucyHke 1.

1.00 4

0.75 4

«, OTH.eq.

0.50

0.25 4

0'00 T T T T T T T T T T
50 45 40 -35 -30 -25 -20 -15 -10 -5
T,°C
PucyHoK 1. 3aBUCMMOCTB 50/IY BBIMOPOKEHHOJ B/Iaru
OT TeMIIepaTyphbl 3aMOPa’KMBAHUS B COKe YePHUKU

Figure 1. Dependence of the proportion of frozen-out moisture
on a freezing temperature in blueberry juice

IlanHble PyicyHka 1 CBUIETENbCTBYIOT O TOM, UTO 90% BBIMOPO>KEHHO
BJIaTY B IIPOAYKTE JOCTUTAETCS NPy TeMIlepaType MuHyc 23 °C. 3To 3Ha-
YyeHKe BbIGPAHO COOTBETCTBYIOLIVIM TeMIlepaType (Ha3oBOro repexozna
«J1ef1, — map» Ipy MOC/IeAyolleii CyoIMMaLMOHHO CYIIKe.

TeMriepaTypy JOCYLIMBaHUS BbIOGMpaNU U3 cooOGpaskeHUs1 obecreyve-
HMSI COXPAHHOCTM TE€PMOJIAGMIbHBIX KOMIIOHEHTOB, BXOASIIUX B COCTAB
MCCIeyeMbIX 00pa31[oB, KOTOpas TOJDKHA cocTaBisiTh 3840 °C. [Ipomon-
SKUTETbHOCTD IMpolecca Cy6aMMaIIOHHOM CYIIKY COCTaBisa 16 yacos.
Kputeprem oKOHYaHMS CYIIKY CTY>KMIa KOHEUHAs BIaKHOCTb BbICYIIIEH-
HbIX 00pas1oB — 4%.
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Cy6aMMMPOBAHHBIA COK UYEPHUKM ITPEACTaB/ISI CO6O0i MeJTKOmmUC-
[ePCHBIV KPUCTATMYECKII IIOPOLIOK C HACBIIIEHHBIM (h1oIeTOBO-uep-
HBIM IIBETOM M SIPKO BBIP&KeHHBIM apoMaToM 4epHMKu (PucyHok 1).
Bryc — KuCI0-c1agkuii, YepHUUHbIN, TePIIKAIA, BSKYLIIA.

PucyHok 2. Cy6/IMMMPOBAaHHBI COK YePHUKU
13 GPepMEeHTAaTUBHO 06PAGOTAHHBIX SATOL,
Figure 2. Freeze-dried blueberry juice from enzymatically
processed blueberries

3.3. HccnedosaHue OUOXUMUUECKO20 COCMABA HAMUBHO20
U CyOnuUMupo8aHHo20 COK08 YePHUKU
Inst oneHKM 3(GGEKTUBHOCTY BbIGPAHHBIX PEKMMOB CyOIMMAaIn
MPOBOAVIIN aHAIU3 GMOXMMIUYECKOTO COCTaBa HATUBHOTO U CYOIMMUPO-
BaHHOTO COKOB. Pe3y/ibTaThl MPOBEIEHHbIX MCCIENOBAHNIA TTpecTaBe-
Hbl B Tabauue 1.

Ta6nuia 1. Buoxmmmueckast XxapaKTepucTMKa HaTUBHOTO
¥ CyOIMMMPOBAHHOTO COKOB SITOJI, Y€ PHUKU
Table 1. Biochemical characterization of the native and freeze-dried
blueberry juice

Copepkanue Ha 100 r
a6COIIOTHO CYXOTro BeliecTBa

= a. c. B.
wn IToxka3arenb ( )
Hatusubiit  Cy6mmmupo-
COK BaHHBIN COK
1. Cyxwue BemecTBa, T 10,1+0,04 96,0£2,0
2. 3oma, T — 2,49%0,03
3. Benok,r — 1,32+0,75
4. OpraHmMyeckyue KUCJIOThI, 14,06+0,15 13,9+0,15
B TlepecyeTe Ha JMMOHHYIO, T
5. TDmiokosa, T 30,10%3,34 29,72+2.,84
6. ®pyKTO3a,T 42,65+5,53 42,054
7. TlonudbeHOTbHBIE COEOVHEHNS, 4530+627 3940+503
B IIepecyeTe Ha rayIOBYI0 KUCJIOTY, MT
8. AHTOIMAaHBI, B Iepecyere 2594+311 2230+267

Ha IMaHUVH-3-ITI0KO3M/, MT
[IpumevaHue: 3HAYEHMS IPENCTABASIOT COOOI CcpefHMe 3HAUeHNs *CTaH-
JlapTHOE OTKJIOHEHME OT CPe/IHero 3HaUeHMsI IJIsI TPYIIIBI =13 IIPU UCIIONb30-
BaHuy koaduimenta CroionenTa 0,95.

ITo pesynapTaTam MCCAeLOBaHMSI OMpee/ieHO, YTO OCHOBHAsI Macca
CYXMX BEIIeCTB B COKe U CyOIMMaTe MPUXOJUTCS Ha OpraHNdYecKue KuC-
JIOTBI U caxapa, mpuueM IrociaegHue rnpeobnagaior. Caxapa IpeacTaB-
JIeHBI TIIOK03071 U (GpyKTO307, DpyKTO3a JOMUHUPYET, ee comepskaHue
B 1,4 pasa mpeBbIlIaeT cogepkanme rmoko3sl (Tabmuia 1, PucyHok 3).
Caxapo3bl B COKax He 0OHAPYKEHO, UTO COIIACYeTCs C paHee MPOBeeH-
HBIMM pe3y/IbTaTaMM 110 MICC/Ie0BaHMIO XMMUYECKOT0 COCTaBa Srof, yep-
HUKM [16] (PucyHOK 3).

ConepskaHue OpraHMYecKUX KUCIOT B COKE M B CYGIMMMPOBAHHOM
COKe COCTaBJIIeT COOTBETCTBEHHO 14,06+0,15 1 13,940,151/ 100 T a. c. B.
(Tabmuia 2). M3BeCTHO, YTO OpraHMYecKue KUCIOThI ITOJIOKUTEIb-
HO BJIMSIIOT Ha OpPTaHbl CUCTEMBbI MUIeBApeHMs], UTPAIOT BAXKHYIO POJIb
B MOAJepsKaHUM KMUCIOTHO-IesoyHoro 6ananca [17,18,19,20]. Kpome
TOTO0, MMEHHO caxapa ¥ OpraHuyecKkyue KUCIOTbl BHOCSIT BECOMBIIt BKJIaT,
B (hOpMUpPOBaHNe BKYCOBOJ XapaKTePUCTUKY COKOB. Caxapo-KUCTOTHBIN

mnupexc (CKM) HaTUBHOTO M CyGIMMMUPOBAHHOTO COKOB COCTABJISLT 5,17
1 5,23 COOTBETCTBEHHO.

Kak cBUIeTeIbCTBYIOT JaHHbIe XpOMaTOrpaduuecKmx ncciaeqoBaHmit,
B Habope OpraHMYecKuX KUCIOT B COKe U CyOIMMaTre COKa BbISBJIEHbI
XUHHAasI, 16/109HasT, TMMOHHAsT KUCIOThI (PUCYHOK 4, Tabnuia 2).

Ta6nuua 2. CogepskaHue HeKOTOPbIX OPraHMYECKUX KUCTOT
B HATMBHOM COKe ¥ B CyO/IMMaTe COKa YePHUKU

Table 2. Content of certain organic acids in native and freeze-dried
blueberry juice

e Copepskanue, r /100 r aGCOMIOTHO

W HaumMmeHOBaHMe CyXOro BelecTsa (a. C. B.)
HatusHblii cOK  CyGIMMMPOBAHHBI COK
1. XwunHHas Kucaota 3,5+0,19 3,3%0,18
2. Ssl6nounHas KuciIoTa 5,6+0,54 5,45+0,54
3. JIMMOHHAas KuUCI0Ta 4,60+0,23 4,56%0,23

[lpuMeuaHne: 3HAYEHMs IPEICTABISIOT COGOI CpemHMe 3HAUEHMS *CTaH-
apTHOE OTKJIOHEHME OT CPeIHero 3HaUeHMsI /ISt TPYIIITbI N =3 MPU UCTI0H30-
BaHuM K03 duimenTa CreionenTa 0,95.

VcTaHOBIIEHO, UTO ¥ B COKe, M B CyO/IMMaTe COKa YePHUKMU MTPeBaln-
pyer si6;I04HasT KUCIOTA KaK TOMUHUPYIONAs B sirogax yepHuku [16]. Ee
coepkaHyue B HATMBHOM ¥ B CYGIMMMPOBAHHOM COKaX IMPEBOCXOIUT
B 1,6 pa3a u B 1,2 pasa comepskaHue XMHHON U JIMMOHHOI KUCJIOT COOT-
BeTCTBeHHO. Kak 1oKaspIBalOT pe3y/abTaThl UCCIeN0BaHMIA, CyOIMMaryst
He OKa3bIBaeT 3aMeTHOrO BIVSIHMS Ha ofliee cozepykaHye 1 KOIMYecT-
BeHHOe IlepepacIipefieJieH)e CaxapoB X OPTaHNUECKMX KUCIOT B COKax.

KommyecTBo nonmgeHoI0B B COKe U B CyG/mMare CoKa YePHUKA CO-
craBnseT 4530+ 627 1 3940+ 503 mr/100 T a. c. B. COOTBETCTBEHHO: 061I1e
rorepu coctaBuian 13% (Tabnuia 1). [TormyueHHbIe aHATOTUYHBIE Pe3YIlb-
TaThl COVIACYIOTCS C JAHHBIMMU JPYIUX uccienosareneli [21,22]. B coctase
oG eHOoNbHBIX COeAVHEeHNIT UIeHTUDUIMPOBAHbI KBepLeTUH, PYTHH,
9MMKATeXVH, PeCBepaTpoJ1, a TaKKe GeHOTOKMCIOThI — raJUI0Bast, KOpUYI-
Hasl, XJloporeHoBast, KodeitHas 1 pepynosas kuciaots (Tabaura 3).

Ta6nuua 3. ComepskaHue HEKOTOPBIX MOIM(PEHOTbHBIX
coeAVHEHMIi B COKe U B CYyGIMMAaTe COKa YePHUKMU
Table 3. Content of certain polyphenolic compounds in native
and freeze-dried blueberry juice

CopepskaHue, MI/KT aGCOIIOTHO

“N/:’_I HaumMeHoBaume CyXOro BellecTBa (a. C. B.)
Cok Cy6oIMMUPOBAHHBINi COK

1. TannoBast KucioTa 877,2+105 675,8+81
2. KopuuHasi kuciora 42,150 34,5+31

3. Kodeitnas kucimora 173,6+20,8 147,6+14,6
4. XnoporeHoBas kuciora  1478,3+177,4 1241,8+119,6
5. ®epynoBasi KUCTOTA 536,4+64,4 462,1+55,5
6. Ksepuetun 42,7%5/1 42,4%50
7. PyruH 367,0+44,0 315,6+34,5
8. DmnuKaTexmH 11506,3+550 10402,7+600
9. PecBeparpon 40,3%£4,0 39,5,0£3,9

[IpuMevaHne: 3HAYEHMs IPELCTABISIOT COGOJ CpemHMe 3HAUEHMS *CTaH-
apTHOE OTKJIOHEHE OT CPeIHero 3HaUeHusI AJIst TPYIIITbI N =3 MPU UCTI0b30-
BaHuM KoadduimenTa CreiomenTa 0,95.

OcHOBHas 1o/b3a MoNMGEHOIOB /ISl OpraHKu3Ma 3aK/Io4yaeTcsl B UX
AQHTMOKCUMIAHTHBIX CBOMCTBaX [23,24,25,26]. AHanu3 JAHHBIX UCCIENO-
BaHMII TIOKA3bIBaET, UTO CPENY BbISIBIEHHBIX (HIAaBOHOMIOB Ipeobiana-
€T SMMUKATEXMH: B COKE ero KoamuectBo cocrasisier 11506,3+550 mr/Kr
a. c. B. 1 B cyonumare — 10402+ 600 Mr/kr a. €. B. DMUKATEXUH — OIUH
U3 TpecTaBUTeNell IPUPOSHBIX MOHOMEPHBIX KaTeXMHOBBIX COeMHe-
HMIA, C IPUCYTCTBMEM KOTOPBIX JOBOJIBHO YacTO OTOXIECTBJISIOT aii 3e-
nieHblit. [loTepy saMmMKaTexMHa MpU CyOIMMALMOHHOM CYIIKe COCTaBMIN
9,6%. O BBICOKOJ COXPaHHOCTY SMMKATeXVHA paHee co0b1amu [6] B CBO-
VX VICC/IEIOBAHMSIX 110 M3yUeHV0 GeHOMbHOro Mpoduis II0L0B Maobe-
ppu nociie cy6MMManMOHHOM cyky. CaMble M3BeCTHbIE (GIIaBOHOW bl —
KBEepLEeTUH M ero INIMKO3UJ, PYTUH — OOHAPYXMBAIOTCSI B KOJIMYECTBAX
42,7+5,1; 42,4+5,2 mr/Kkr a. c. B. u 367,0+44,0; 315,6+34,5 MI/KT a. C. B.
COOTBETCTBEHHO. IIpMMeyaTenbHO, UTO BbIOPaHHbIE PEKMMBI CyOIMMa-
LMY TIO3BOJISIIOT COXPAHUTD B ITOTHOM 06beMe KBepIeTHH. [ToryueHHbIe
HaMM pe3y/bTaThl COMIACYIOTCS C HAGIIOAEHUSIMU IPYTUX UCCIIeIoBaTe-
neit [27]. Tlorepu pyTuHa coctaBuiu 14%. PyTuH CIIOCOGCTBYET yiyuliie-
HMIO KPOBOOOPAIIEHNS, & TAKXKE YKPEIUIEHMIO COCYIOB 33 CUET 3aLIUThI
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¥ CyGIMMIMPOBAHHOTO COKOB (B)
Figure 3. Chromatograms of the standards of glucose, fructose, saccharose (A), sugars of native (b) and (B) freeze-dried juice

JIMIIONIPOTEMHOB HM3KOM 1uiotHoctn (JIITHIT) or okmcnenust [28,29].
MourHblii HeHOMbHBI aHTMOKCUIAHT PecBepaTpol Takke OOHAPYXeH
B COCTaBe HAaTMBHOTO ¥ CYGIMMMPOBAHHOTO COKOB. Kak 1 KBepIeTnH, OH
XOPOLIO COXPaHSIeTCs B IpoLiecce CyGmmmManyu. YCTaHOBJIEHO, UTO PecBe-
paTpo ¥ KBEPLLETMH MHIMOUPYIOT arperanyio TPOMOOIMTOB YesioBeka in
Vitro v 06/1aa10T MOTEHIMAaTbHBIMYU ITPOTUBOOITYXOIE€BbIMM CBOVICTBAMU
3a CUeT MHAYKIMM KIEeTOUHOH muddepeHIpPOBKY ¥ MHTMOMPOBAHMS
MIPOTeUHTUPO3UHKMHA3HI [30,31]. HekoTOpbpIMM MCCIeq0BaHMSIMY IOKa-
3aHO, YTO KBEPLETUH U pecBepaTposl IPOSIB/ISIOT BbICOKYIO aKTMBHOCTb
y MalMeHTOB C caxapHbIM AnabeTom 2 tuma [31,32], 4TO Croco6CTBYeT
3 dexTBHOMY CHMKEHMIO pucKa ero pas3Butus [32,33]. [IpuBopsiTcs
CBEJIeHNs, UTO PecBepaTposl Croco6eH OrMocpeioBaTh MPOTUBOBOCITAIN-
TeJIbHbIe IPOLeCChl, MHIMOUPYST IKCIIPECCUI0 LIMKIOOKCUIeHasbl-1 u 2
(LIOT-1 u 2) u dyHKUMM TUAPOTIEPOKCUAA3I [34,35].

VI3 06HapY>XeHHBIX I'MIPOKCUKOPUYHBIX KUCIOT JIMAUPYET XI0pore-
HOBasl KMCIOTa, B MEHBIIMX KOHIEHTpauusIx — Qepynosas, KodeitHas
M KOPUYHAsI KUCIOTHI. BplllleykazaHHbIE KUCIOTHI 06JIaAAI0T BHICOKMMU
QHTMOKCUAAHTHBIMM CBOMCTBaMM. YCTAHOBJIEHO, UTO aHTMOKCHUIAHTHAS
aKTMBHOCTb XJIOPDOr€HOBOJ KMUCIOTHI B 27 pa3 IIpeBbllIaeT aHTMOKCUIAHT-
HYIO aKTMBHOCTb HapMHTeHVHA, IPYUCYILEro BceM UUTPYcoBbIM. [To muTe-
paTypHBIM JAaHHBIM, CaMOJi BBICOKOJ aHTMOKCUIAHTHOJM aKTUBHOCTBIO

13 BBISBJAEHHBIX B COKaX OKCMKOPUYHBIX KMCIOT 00iajgaeT KodeiiHast
KICJIOTa, 3aTeM CJIeAyIoT (hepyaoBas U XJI0pOreHoBast KUCIOThI [36]. st
XJIODOT€HOBOM U KO(ENHOI KUCIOT YCTAHOBIEHO TUITOTIMKEMIYeCcKoe
nerictBue [37]. B iutepaType NpUBOLSTCS CBEEeHNs, YTO XJIOPDOTreHOBasI,
KocdeiiHas, dhepysoBasi KUCJIOThI OKa3bIBAIOT MSITKOE I'MIIOXOJIECTepUHe-
MMUYECKOe IeJiCTBYe, CHUKAIOT PUCK PA3BUTHMS sKeTueKaMeHHOi 601e3HI
[38,39,40,41]. XnoporeHoBasi KMCIOTa — caMasl 3HauMMasi B KOJIMYeCT-
BEeHHOM OTHOLIeHNY (HeHOMOKNMCIIOTA SITOfL, YepHUKHU. VI3BeCTHO, 4YTO TP
TeIUIOBOM BO3Je/CTBMM OHA paspyiiaercs [42]. [Ipu cy6imMmMannoHHOM
CyIKe ee otepu coctaBuiau 15,9%. Tem He MeHee B paHee IIPOBEIEHHBIX
MCCIIEOBAHMSIX TIOKA3aHO, YTO CYyGIMMaIMOHHAS CYIIIKA SIBJISIETCSI 6oiee
MPEATIOYTUTELHOM B OTHOIIEHUM COXPAHHOCTY XJIOPOTE€HOBOV KUCTOThI
B Ir0J,aX YePHUKM 110 CPABHEHMIO C APYTMMM BUJAMM CyLIKK [3].

B wuccnenyembix obpasuax uAeHTUOUUMPYeTCs] rajaioBas KUCIOTa,
cozepskaHye KOTOpOit B coke cocrasisieT 877,2+ 105 mMr/kr a. c. B, a Cy6-
JIMMUPOBAHHOM COKe uepHMKM — 675,847 mr/kr a. c. B (Tabnuua 3).
TannoBast KMCIOTa 06afaeT aHTMOAKTePUATIbHBIM, aHTUBUPYCHBIM, I'-
MMOMIMKEMUYECKMM, aHTMOKCUIAHTHBIM JeiCTBMEM, YCKOPSIET 3aKMBIIe-
HVe paH U OKOroB [43,44,45,46].

V3BeCTHO, YTO pasjinuHblie OGMOAKTVMBHbBIE (EHOIbHbIE COeqUHe-
Hus 9 dekTMBHBI pu runeprouun [47,48], mokazana adeKkTUBHOCTD

118



Anekceenko E. B. v gp. | MALWEBDBIE CUCTEMbI | Tom 7 No 1 | 2024 | C.114-124

DAD1A Sig=214,4 Ref=off

9.5

3607

;

4518
AbnouHan

8.5+
8.0
7.5+
7.0
6.5+
6.0
5.5
5.0
4.5
4.0
3.5

TasionHan

9.393

mAU

2.5
2.0
1.57
1.0
0.5+

-0.5
1.0
1.

DAD1A Sig=214 4

Ref=off

14

mAU

T
10

Bpems [MuH]

DAD1A Sig=214.4 Ref=off

11 12 20

| v °
45 R
404

35

25+

mAU

20
15
10

5

0

T T T T T T T T T

1 2 3 a4 5 6 7 8 9 10

Bpems [MiH)

11 12 13 14 15 16 17 18 19 20

B

PucyHok 4. XpomaTorpaMmbI CTaHAAPTOB OPraHNMYECKUX KUCIOT (A), opraHmdeckux Kuciaotr HatuBHOro (Bb)

¥ CyGIMMUPOBAHHOTO COKOB YepHuKM (B)
Figure 4. Chromatograms of the standards of organic acids (A), organic acids of native (B) and (B) freeze-dried blueberry juice

nomvidpeHonoB npu oxxupennn [49,50,51,52]. B ux umcie — oGHapyKeH-
HbIe B COKaX OT[EJIbHbIE MPEICTABUTEN — KBEPLIETUH, PYTUH, hepy/io-
Bast, KodeiiHasi, raJuioBasi KMCJIOTbI, peCBEPaTPOIIL.

AHanu3 MoJyYeHHBIX PEe3y/IbTaTOB IMOKAa3as, YTO COBOKYITHbIE IIOTe-
PY BBISIBJIEHHBIX MOM(EHONMbHBIX BEIIECTB TPY CyOIMMalMy COCTaBUIN
11,2%: no otmenbHBIM TpencTaBuTensm — 9,6—-23% (Tabnuua 3). [Tomy-
YyeHHbIe Pe3y/IbTATBhI ellle Pa3 MOATBEPANIN BBIBOJ, O TOM, UTO Pa3INMdHbIe
(beHOMBHBIE COEMHEHNS 06/1aIAI0T Pa3HOI TEPMUUECKOI CTAGMIBHOCTHIO
[6,53] 1 KMHETMKA TePMMUIECKON AeCTPYKIMM Beex (peHONbHBIX coeyHe-
HUI OMpenenseTcs: MIaBHBIM 06pa3oM (eHOMbHbIM COCTABOM, a TaKKe
XapaKkTepyucTUKamMu Cbipbsi [54]. Hanbonee ysI3BMMBIMM C TO3ULUU CO-
XPaHHOCTY B TIpoLiecce cyGimMmariy rnokasanm cedst GeHOMOKUCIOThI: UX
norepu cocraBwim 13,7-23%. Camble Gosbllive TIOTepU IIpeTeprieBaeT
rajyioBasi Kuciora (23%), HaumeHnblie — depynosas (13,7%) (Tabnuua 3).

B cemeiicTBe 1aBOHOMIOB 0CO60€ MECTO 3aHMMAOT aHTOIL[MAHBbI, 00-
YCIOBIMBAIOIIVE XapaKTEPHYI0 OKPACKY SITOI U MPOAYKTOB X Tepepa-
60TKM [55]. lokasaHa pojb AaHTOIMAHOB B YKPEIJIEHNM CTEHOK COCY/IOB
U COEIMHUTETbHOI TKAHM KaK aHTUMOKCUIAHTHBIX U GaKTePUIIUIHBIX
areHTOB [56,57,58]. Pe3ynpTaThl IpOBeEHHBIX MCC/IELOBAHUI CBUJE-
TeJNLCTBYIOT O TOM, YTO HATUBHBIN U CyOIMMUPOBAHHbBIE COKY COLEPyKaT

3HAUMTE/IbHbIe KOJIMYECTBA aHTOLMAHOBBIX MUTMEeHTOB: 2594 mr/100 r
a.c.B.u 2230 mr/100 r a. €. B. COOTBETCTBEHHO: ITIOT€PU AaHTOLIMAHOB NIPU
cyonumanyu coctaBuin 14% (Tabnuia 1). [loqo6Has TeHAeHINS TIpojie-
MOHCTPMPOBaHa Ha IIpMMepe SIT0[, KJIIOKBBI: TIPY TeMIIepaType cyoama-
umoHHOoM cymiky 30—50°C nmoTepyu aHTOLMAHOBBIX COGIVHEHMIT B LeJI0
sirome 1 Me3re He nipeBbianu 20% [4]. TlokasaH 601ee HU3KUI YPOBEHD
COXpPaHHOCTH (10 65%) aHTOILMAHOB B SITOJIaX YEPHUKU IIPU CYyOIMMAaIn-
OHHOVA cy1uke [21]. [Tpy Tpon3BOACTBE SATOLHBIX ITOPOLIKOB JIJISI COXpaHe-
HMSI QHTOLIVIAHOBBIX MMUTMEHTOB CIOCO6 CYOIMMAIMOHHOM CYILIKU SIBJISI-
eTcst HanboJsiee BBITOIHBIM, 9TO OMMCAHO B padoTe [8].

CpaBHUTEbHBIN aHAIMU3 PE3Y/IbTATOB U3YyUEHMsI COXPAaHHOCTU (DeHO-
JIOKMCJIOT ¥ aHTOI[MAaHOB [TOKA3bIBAET, UTO TIOTyUYeHHbIE TaHHbIE BHIXOIST
3a paMKU NpeJCcTaBaeHuit, chopMyaIMpoBaHHbIX B paborax [6,59] u mi-
JIIOCTPUPYIOIIUX OOJIBIIYI0 TOJEPAHTHOCTD K TeIUTy (PeHOTOKUCIOT, YeM
AQHTOIMAHOBBIX COeAMHEeHNII. B HACTOSIIMX MCCIeqOBaHMSIX YCTaHOBIeHA
obpaTHast TeHOEHUMS: MoTepyu (HEeHOTOKUCIOT (B YaCTHOCTHU, TajUIOBOI
KUCTOThI — 23%) 6bLIM BbIIIE, UeM MOTEpU aHToIMaHOB (14%). B aTom
KOHTEKCTE CJIeyeT CeaTh aKLeHT ¥ Ha TOM, YTO (PeHOTOKMCIOTHI TOKa-
311 CBOIO GOJIBIIYIO HECTAGWIIBHOCTD ¥ B CpaBHEeHUM ¢ (hrraBoHOMZAMU
(KBepLeTHH, PYTMH, STIMKaTeXMH): UX [T0Tepy Bblllle (Ha 13,7-23%), uem
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Y OTHeNbHbIX IpeacTaBuTeneil GpaaBoHougos (Tabmauia 3), 4TO TaKKe He
COIVIacyeTcsl C BbIBOJaMM aBTOPOB BbIIIENIPUBENEHHbIX paboT. ITo Bceit
BUIMIMOCTHY, 3TO JIMIIHUIA Pa3 IIOATBEPKAAET TOT GaKT, UTO TepMIYIeCKast
JeCTpyKIys (eHONbHBIX COeIMHEHNI OMpeessieTCs He TOIbKO TepMOC-
TaOMIBHOCTBIO OTEbHBIX ee TIPe/ICTaBUTeNel, HO ¥ (eHONbHOI KOMITO-
3uIyei 06pabaThIBAEMOrO ChIPbS ¥ €r0 XapaKTePUCTUKAMU.

Ananmu3 mpoduas aHTOLMAHOB COKOB YEPHMKM TIOKa3aa Haliuuyue
crienpUUecKmX MHAMBUIYATbHBIX AHTOIVIAHOB, IIOCTPOEHHBIX Ha OCHO-
Be MSATY aHTOLMAaHUIVHOB — IIMaHUIMHA, NelbOUHUANHA, TeTYHUIUHA,
[TeOHMVHA, MajabBUIVHA, [TMKO3MIMPOBAHHBIX OCTATKAMM [TIOKO3BI,
rajiakTo3bl, apabunossl (Tabnuiia 4, PUCyHOK 5), UTO coriacyeTcs ¢ pe-
3y/pTaTaMiu paboT APYrux yUeHsbIx [27].

Ta6nuua 4. KauecTBEHHBIN ¥ KOJIMYECTBEHHbI COCTaB aHTOLVAHOB
COKa ¥ CYyGIMMMUPOBAHHOTO COKA YEPHUKU

Table 4. Qualitative and quantitative composition of anthocyans of native
and freeze-dried blueberry juice

Copepkanmue, %

Hljf_[ HaumeHOBaHMe aHTOLMaHa Cox Cyﬁnmvg/lponaﬂ-
HBII COK
1 Henbbuumanu-3-ranakrosun Dpd-gal 10,6 3,7
2 Henbduumuayn-3-raorosun Gpd-3-glu 13,2 17,8
3 Luanuann-3-ranakrosug Cyd-3-gal + 16.1 97
NenbbuunauH-3-apabunosun Dpd-3-ara ’ ’
4 llvanugun-3-apabunosun Cyd-3-ara 10,3 12,8
5 Uuanuaun-3-rmokosnn Cyd-3-glu 14,4 19,2
6 IleryHunuH-3-rmoko3un Ptd-3-glu 4.5 2,2
7 TlerynunuH-3-apabuHo3sup Ptd-3-ara 3,5 3,2
3 TMeounayuH-3-raoko3ua Pnd-3-glu + 79 85
MasnbBUAMH-3-ranakro3us Mvd-3-gal ’ ’
9 IleoHmauH-3-apabuHosup Pnd-3-ara 12,7 15,3
10 ManbBuauH-3-raoko3ua Mvd-3-glu 4.7 4.4
11 ManbBuanu-3-apabunosua Mvd-3-ara 2,8 3,2

[IpuMeuaHne: 3HaYEHMsI TPELCTABISIOT COBOI CpemHMe 3HAUeHMS *CTaH-
apTHOE OTKIOHEHME OT CPeIHero 3HAUEH U /IS TPYIIITbI N =3 MIPU UCTI0H30-
BaHuM K03 duimenTa CreiomenTa 0,95.

B cocraBe HaTMBHOTO COKa Mpeobiafaay aHTOI[MAaHbI, TOCTPOEHHbIE
Ha OCHOBE IIMaHUAVHA, AeTbOUHNUIMHA U TIEOHUIMHA : IAHUIWH-3-TaIaK-
TO3UL + menbGUHMINH-3-apabunosus (16,1%), HMaHuIMH-3-ITIOKO3UT,

VWD 1A Wavelength=518 um

(14,4%), nenbbuunanu-3-rmoko3ug, (13,2%), meoHnauH-3-apabuHO3U,
(12,7%), menvbuuuguu-3-ranakrosun (10,6%), uuaHUAVH-3-apabu-
nosun (10,3%) (Tabauia 4). ComepskaHue OCTaJbHBIX IpeICTaBUTeNen
AHTOIMAHOBBIX COENMHEHUI HAaXOOMUIOCh Ha ypoBHe 2,8-7,2%. Hanbo-
Jlee 3HauMMBble B KOJIMYECTBEHHOM OTHOLIEHUM aHTOLMAHBI MOKAa3aau
XOPOIIYI0 COXPaHHOCTb M TIPU CYOIUMAIMA: UX CONEPKaHMe YBeTUUN-
sock B 1,2-1,35 pasa, B TOM uuciie UaHUIUH-3-ITIOKO3MUA — OFSHOTO
U3 TOMUHMPYIOIMX aHTOIIMAHOB COKA, YTO COIJIACYeTCsl C paHee Ipo-
BEJIEHHBIMMU VCC/IEIOBAHNUSIMHU, T€MOHCTPUPYIOIIVMIU BBICOKYIO €ro Co-
XPaHHOCTb B IUIOJAX Mao6Geppy ¥ YepHYUKY MTPY CyOIMMAIIOHHOI CYIIIKe
[6,27]. VickmoueHe COCTaBUIM LUMAHUIUH-3-TAIAKTO3U] + AeabGUHM-
IVH-3-apabuHO3UI, U AeTbOUHUINH-3-Ta/IaKTO3MU/;: MX AOJS B Cy6IMa-
Te CHU3MUIAaCh COOTBETCTBEHHO B 1,65-2,85 pasa (Tabnuiia 4).

Pe3ynbTaThl MCCIEIOBaHMS CONEPXKaHMS BUTAMMHOB (BuTamuHa C,
HMKOTMHaMMJA, BUTAMMHA B5) B cy6nmMMare 1 B HATMBHOM COKe IOKa-
3aJIM UX JOCTaTOYHO BBICOKYIO COXPAHHOCTD MPU CyOIMMAaLN: TOTepU
cocraBunn 14-22%. IlpuBOgsTCS CBeAeHMUSI O TOM, YTO COXPAaHHOCTh
BUTAaMMHOB TPYIIbI B mpy cyOGIMMalMOHHONM Cylike B 3,5 pasa Bblllle,
YyeM IIpY CyIIKe TOPSYMM BO3IYXOM, a COXpaHHOCTh ButamyuHa C — B 1,9
pasa [3]. Butrammu C — camblil TepMOIaGMIbHBI BuTaMuUH. B Hamem
MccIeoBaHMy HanbosbIinme motepu (22%) npetepren Butamu C: ero
comepskaHue cHU3MWIOCh ¢ 358,5+15,6 mr/100 r a. c. B. B HATUBHOM COKe
no 280,0+12,2 mr/100 r a. c. B. B cyonumate. OJHO3HAUHbBIX BBHIBOJIOB
0 coxpaHHOCTV BuTamyuHa C B muTepaType He IIPUBOAUTCS. ABTOPBI YKa-
3bIBAIOT HA MIMPOKYI0 BapMabeTbHOCTh PEe3yIbTaTOB, XapaKTePU3YIOMINX
CTereHb COXpaHHOCTM BuTaMuua C B IUIofax ¥ SIrofax Mpu Cyoaumary-
oHHO# cyuike [60]. [To-BMAMMOMY, 3TO CBSI3aHO C OCOOEHHOCTSIMU BbI-
CYIIMBAEMOTO ChIPBSI, €T0 XMMMUUECKOTO COCTaBa, a TAKXKe C YCIOBUSIMU
cyonumanyu (Tabaua 5).

Ta6nuua 5. ComepskaHue BUTAMMHOB B COKe U CyGIMMaTe YepHUKA
Table 5. Content of vitamins in native and freeze-dried blueberry juice

CopepskaHue, Ha aGCOMIIOTHO CyX0e

Ne HaumenoBanue BeIecTso (a. C. B.)
n/n BUTaMIHa Cox Cy61MMUpPOBaHHbI
COK
1. Buramuu C, mr/100 r 358,5+15,6 280,0+12,2
2. HuxkormHamupg PP, Mr/100 T 1,67+0,14 1,42+0,12
3. Burammus B5, mr/100 r 108,2%10,7 94,9+7,0)

IpuMeuaHne: 3HAUEHMUSI IPEACTABISIOT COGOI CpemHMe 3HAUEHMS *CTaH-
IIapTHOE OTKJIOHEHME OT CPeIHero 3HaYeH s /ISt TPYIIBI N =3 MIPU UCII0b30-
BaHuM K03 duimenTa Creiomenta 0,95.
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PucyHoK 5. XpoMaTorpaMmbl aHTOIIMAHOB HATUBHOTIO (A) ¥ CyGJIMMUPOBAHHOTO COKOB uepHuKu (B)
Figure 5. Chromatograms of anthocyans of native (A) and freeze-dried (B) blueberry juice
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IIpoBesen aHa/M3 Makpo- M MUKPO3JIEMEHTHOTO COCTaBa HaTMBHOTO
U CyGIMMMPOBAHHOTO COKOB uepHMKY (Tabmuua 6). [To naHHbIM Tabmn-
LBI 6 CIeIyeT, YTO COKM COfepKaT MHOXKeCTBO MMHEepPabHbIX KOMIIOHEH-
TOB, BbITIOJIHSIIOIMX MHOTOUYMCIEHHbIe QYHKIIUY B OpraHu3Me YeoBeKa,
YTO COKM GOTaThl pa3TMYHBIMM MUHEPATbHBIMY KOMIIOHEHTaMM, BBIITON-
HSIIOIIMMM MHOTOUMC/IeHHbIe QYHKLMM B OpraHM3Me Ye0BeKa.

Tabnuiia 6. ComepskaHue MUKPO- ¥ MAaKPO3JIEMEHTOB B COKe
U B CyOMMMaTe YepHUKN
Table 6. Content of micro- and macro-elements in native and freeze-dried
blueberry juice

Cogepskaune Ha 100 r aGCOTIOTHO CYXOro

N¢ HaumeHOBaHMe BeliecTsa (a. c. B.)

n/n 3JIeMeHTa
Cok CyG/IMMMPOBaHHBIV COK
Maxkpos1eMeHTbl
1. Harpwii, Mmr 32,0£3,2 30,0+3,0
2. Kanbumii, Mmr 69,1%£6,9 66,3%6,6
3. Marumit, Mr 48,0+4,8 47,548
4. Kannit, Mmr 420,8+16,6 415,5+16,4
5. ®ochop, Mmr 69,9+6,9 70,0+7,0
MUKpO3/71eMEeHTbI
6. JKeneso, Mmr 4,13+1,44 3,9%1,36
7. Mapraser, Mr 1,41£0,16 1,25%0,14
8. LIMHK, MKT 0,74+0,15 0,63+0,13
9. AnIOMMHMIT, MKT 0,48+0,10 0,42%0,09
10. Menb, MK 6,8%0,68 6,6+0,66
11. Huxkenb, MKT 0,049+0,010 0,036+0,010
12. Cenen, mr 0,22+0,07 0,20£0,07

[puMeuaHne: 3HAYEHMs IPEICTABISIOT CO6OI CpemHue 3HAUEHMS *CTaH-
[apTHOE OTKJIOHEHME OT CPeIHero 3HaUeHMsI /ISl TPYIIIbI N =3 MPU UCII0Ib30-
BaHuM K03 duimenTa CreiomenTa 0,95.

Llenecoo6pasHOCTb ONpeNeNeHNsT MUHEPAIbHBIX BEIECTB B COCTABE
COKOB Obl/Ia IPOAUKTOBAHA UX (U3MOIOTMYECKON 3HAUMMOCTBIO M 3C-
CeHIMAaTbHOCTBIO AJII OpraHn3Ma yesnoBeka. [1o KonmmuecTBy Makpoase-
MEHTOB IPe06/IaIaloI MM SIBJISIeTCS Kaluii, janee B MOPsiaKe YObIBAHMS
pacrionaraiorcst hochop, Kaabliyii, MarHuii, HaTpMii. MaKpos3JieMeHTbI
YUYaCTBYIOT B TeHePalMM U MPOBeeHNY BO30OYKIeHMST CepIeUHO MbIIlI-
1bI (KaJIuii, MarHuii), BXOISIT B COCTaB 3y60B, KOCTe (Kaablyit, Marauii),
6eIKOB, HYKIEMHOBBIX KUCIOT, Ghocdonunumos (bocdop), peryampyor
BOJIHO-COJIeBOJ GayaHC (HaTpwuit). B Tpoiike 1mMaepoB MUKPOITEMEHTOB
MIPYUCYTCTBYIOT 5kKee30, MapraHer 1 cesieH (Tabmuua 7). MUKpOseMeHTbI
YYacTBYIOT BO BCeX OCHOBHBIX Ipolieccax, MpoTeKalolMX B OpraHusMe,
ITIOCKOTBKY BXOJST B COCTAaB TOPMOHOB, BUTAMUHOB, (epMeHTOB. OHI
HeOoOXOomMMbI ISl pocTa (IIMHK, MapraHell), KDOBETBOPEeHMS (Keieso,
Me[lb, IMHK), CUHTe3a COeIVMHUTENIbHOM TKaHM (Me[Ib), PETYIUPYIOT yIie-

BOJIHbIIT U KMPOBOIT 06MEH (HMKEJb), 3aIIMUIIAI0T OPraHM3M OT BPEIHBIX
BHeIIHMX BO3[eiicTBMII (cesieH). AHanM3 NpeACcTaB/lIeHHbIX Pe3ylbTaToOB
10Ka3bIBAeT, UTO COZEepP>KaHye BbISIBIEHHBIX MaKpO3JeMeHTOB B HaTUB-
HOM U CyGMMMMPOBAHHOM COKAaX MEHSIeTCSI He3HaYMTeTbHO B IpoLecce
cybnumanmu: motepu cocraisior 0,1-6,0%, 4To cornacyeTcs ¢ JaHHbI-
MU, [IOJTy4YeHHBIMM IPYIrMMM aBTopaMu [61]. bonee 3amMeTHOe yMeHbllle-
HMe HaOTI0aeTCsI IO COEPKaHMI0 MUKPO3TeMeHTOB — Ha 2,9-14,8%.

4. 3aknouyeHne

B pesynbrare NnpoBeNeHHBIX MCCIeNOBaHMII ONpeeseHbl Iapame-
TPBI MpolLiecca CyoMMMaLMOHHOM CYIIKY HATMBHOTO COKa SITOJ] YePHUKM:
TeMIieparypa cyonumanyu — MuHyc 23+ 2 °C, Temreparypa JOCYLIKU —
38-40°C. IIpomo/KUTENbHOCTH Mpoliecca CyOIMMAaIMOHHOM CYIIKY [1JIs
COKa CoCTaBJsia 16 4acoB 10 MOMyYeHMsT KOHeUHOI BiaskHoCcTH 4%. I1o-
Ka3aHo, YTO CYOMVMMPOBAHHBIN COK COXpaHseT Bce aTpUOYThI KauecTBa
HaTMBHOTO COKa: BKYC, IIBET, apOMar.

Ha ocHOBaHMY CPaBHUTETBHOTO GMOXMMMYECKOTO aHaIM3a TOKa3aHo,
YTO COKM COEePKAT 6OraThlii KOMIUIEKC IPUPOAHBIX MUIEBbIX, 6110IOT K-
YecKky aKTMBHBIX ¥ MMHOPHBIX KOMIIOHEHTOB: JMCCIeL0BaHbI poduin
(hnaBoHOMIOB, AaHTOLMAHOB, (HEHOIO- M OPraHMYeCKUX KUCIOT, COCTAB
caxapoB, BUTAMMHOB M MUHepasbHbIX BelecTB. [IokazaHo, UTO Mpolecc
cy6muMaLuy He COIPOBOXKIAETCSl KaueCTBEHHBIMM M3MEHEHMSIMMU CO-
CTaBa COKOB: B HUX UIEHTUGUIMPYETCS OLMHAKOBBIN HAO0D IIPUPOIHbBIX
coenyiHeHMi. YCTaHOBJIEHO, YTO BbIOPAHHBIE ITapaMeTphbl CyOnMMaIyn
M03BOJISIIOT MUHMMM3MPOBATh NOTEPYU IPUPOSHBIX KOMIIOHEHTOB SITOJ:
COXPAHHOCTb GMOIOTMYECKY aKTUBHBIX M MUHODHBIX BEIIeCTB COCTaBIIa
He MeHee 77% OT UX UCXOLHOTO COJlepsKaHMs B HATUBHOM COKe. BbICOKYIO
COXPaHHOCTb IPOJEMOHCTPUPOBAIN KBEPLETUH M PecBepaTpol, 1oTepu
anuKaTexuHa cocraBwm 9,6%, denonokucior 13,7-23,0%, BUTaMUHOB
14-22%. Haubornee ysI3BUMbBIMMU C TTIO3ULIY COXPAHHOCTHM TTOKa3aJIu ceOst
BuramyH C ¥ rajuioBasi KMCIOTA: UX COLepKaHKe B CyOIMMMPOBAHHOM
COKe CHM3WIOCh Ha 22 1 23% COOTBETCTBEHHO 110 CPAaBHEHMIO C HaTMUB-
HBIM COKOM. AHaJIM3 aHTOIVIaHOBOT'O MPO(WJISI HATMBHOTO U CYyOIMMUPO-
BAHHOTO COKOB BBISIBWI M3ME€HEHMs B KOIMYECTBEHHBIX COOTHOILEHMSX
OTIe/bHBIX aHTOLMAHOBBIX coeqyHeHuit. [Ioka3aHo, YTO OIHY U3 Haubo-
Jlee 3HauMMBbIX B KOJIMUYECTBEHHOM OTHOIIEHMM aHTOIMaHbl HATUBHOIO
coka (menbOUMHUINH-3-TII0KO3UA, LUMAHUIUH-3-apabyHO3UL, LUaHU-
IVH-3-TJIIOKO31/) XOPOILIO COXPAHSIIOTCS NPV CyOMMManyn: UX COfep-
’KaHMe B TIPOLIEHTHOM COOTHOIIEeHUM yBenuumioch B 1,2-1,35 pasa, B TO
BpeMsl KaK JOJSI MaHWIVH-3-TaJaKkTo3uaa + nenbGUHUANH-3-apabu-
HO3MIA U JenbGUHUANH-3-TalakTo3Maa B cy6aumaTe CHU3MIACh COOT-
BETCTBEHHO B 1,65 1 2,85 pasa. YCTaHOBJIEHO yMeHbllIeH1e B Cybiumare
COKa CcofiepskaHMsT MakKpo3JIeMeHTOB (0 6,0%); 6o/iee 3aMeTHbIe TIOTEPU
3a(UKCUPOBAHBbI Y MUKPO3/IEMEHTOB (0o 14,8%). AHanu3 mpeacTaBiieH-
HBIX Pe3y/IbTAaTOB IOKa3aJl MepCHeKTMBHOCTb MCIONb30BAHMS TIPU I10-
JIyYeHUU COKOBOTO YEPHUYHOTO CyGIMMAaTa TeXHOJIOTMM M BhIOPAHHBIX
PeXXMMOB  cyOnuManyy, o6GecreuyBalX BO3MOXKHOCTb ITOMyYeHMS
TEXHOJIOTMYHOTO SITOAHOTO MHIPeJMeHTa C MaKCUMa/lbHbIM COXpaHeHMU-
€M TPVPONHBIX GMOJIOTMYECKY AKTMBHBIX ¥ MUHODHBIX KOMIIOHEHTOB
SITOJ, 7151 TIPVIMeHeHMsI B IPOLyKTaX 34,0POBOTO MUTaHMS.
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ITPOTHO3VMPOBAHUE ,I[EI\/'ICT]%I/I}I OH3MMOB JJISl N3BJIEYEHN S
BEHIECTB C AHTUMUKPOBHOM HAITPABJIEHHOCTbBIO JEMCTBUA
N3 OPTAHNU3MOB SUS SCROFA 1 BOS TAURUS

Momnmyk E. K.,* Kotenkosa E. A.
@enepabHbIil HAYYHBIN LEHTD NUIIEeBbIX cucTeM M. B. M. Top6aToBa, MockBa, Poccust
KJIFOYEBBIE CJ/IOBA: AHHOTALIUA

AHMUMUKPOOHbLE V3yyeHre aHTUMUKPOOGHBIX COEOVHEHU JXMBOTHOTO IPOUCXOXKAEHUS, B YaCTHOCTM aHTUMUKPOGHBIX MenTumoB (AMII),
nenmudsl, MpuncuH,  SIBASIETCS aKTyaJabHOI TEMOJi MCCIeNOBaHuit B mocienHee BpeMs. TeM He MeHee M3BIeUeHue SHAOTeHHbIX AMII sBsieTcs

Hayunas ctaTbs
Open access

anacmasa, 3aTPYAHUTEIbHBIM ITPOLIECCOM U TPeOYeT IPUMEHEeHMs IIPUHIMIIOB HAalpaBJIeHHO 9H3MMaTUYeCKOi 06paboTKM Ha OCHOBA-
KoJL1azeHasa, catim HUY 3HaHU O CTPOEHUM TIPEIPOIEeNTHUIHBIX MOJIEKY/T — IpeaiiecTBeHHMKOB AMII. B maHHO# pa6oTe ObUT ITPOBEIEH ITOMCK
pacujenniequs, TIPUCYTCTBYIONIMX B OpraHU3Max Sus scrofa v Bos taurus aHTUMUKPOOHBIX MENTHUOB, & TAKKE UX MPEAIIeCTBEHHUKOB C [IOMO-
npenponenmuod, uipio 6a3 manubix The Antimicrobial Peptide Database 1 UniProtKB. B aMMHOKMCIOTHBIX [TOC/IEI0BATEIbHOCTSIX IIPEIPOTIern-
6uouHpopmamuueckuli TULOB HAXOAMIU TIOCIENOBATEIbHOCTD 3PEJIOTO MENTY/A M OTIPEAEJISUIY CAiiThl PACIIeTIeH Vs IJIsl TPUIICUMHA, 6aKTepUaibHOiA
amanus KoJyutareHassl (tui ) u HeiTpodmibHOI 31actasbl. [Io uToraMm rmomcka aHTUMMUKPOOHBIX coeHeHMit B 6a3e maHHbIX The

Antimicrobial Peptide Database 6b1I0 BbISIBJIEHO 18 aHTUMMKPOGHBIX NENTHUIOB Sus scrofa i 40 aHTUMUKPOGHBIX TIENTUIOB
Bos taurus. CornacHo pesy/ibTaTaM OIpefiesieHst CaiiTOB pacilervieHus B rpeiecTBeHHnKkax AMII, sH3MMbI ObUTH pacIpe-
JIeJIEHBI OT MEHee MPeIOYTUTETHHOTO K 60o/iee IIPeAnouTUTeTbHOMY JJis BbICBOOOXKAeHMsI AMII ciemyiommm o6pasom: 6ak-
TepuaabHas KojiareHasa (T [) € Tpurcus < HeitTpoduabHas anacrasa. Takoii MopsiioK 060CHOBAH HE TOTbKO KOJTMYECTBOM
TTOAXOASIIIMX CAliTOB pacIleryIeH!sl M MX TOYHOCTBIO, HO U JieiicTBMeM (hepMeHTOB BHYTpH 3penbix AMII: BasKHO YIMTHIBATD,
YTO SH3MMBbI MOTYT «pa3pe3aTb» CaMy MENTUbI, CHVIKAsI TEM CaMbIM UX aHTUMUKPOOHYIO aKTUBHOCTb. IIpOBeieHHbI 6110-
nHbOpPMaTHUECKMIT aHAIN3 TPYMEHMM KaK IJIsI OCYIeCTBIeHNS TePBUYHOTO CKPMHIMHTA IIOTEHIMaa ChIPhs, TAK U IJIS OTpe-
TeJIeHusT TIOAXOSIIX S9H3MIMOB C 11€JIbI0 M3BJIEUEHNST aHTUMUKPOOHBIX COeIMHEHMI 13 OpraHU3MOB Sus scrofa v Bos taurus.
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PREDICTION OF ENZYME ACTION FOR EXTRACTION
OF ANTIMICROBIAL SUBSTANCES FROM SUS SCROFA AND BOS TAURUS

Ekaterina K. Polishchuk,* Elena A. Kotenkova
V. M. Gorbatov Federal Research Center for Food Systems, Moscow, Russia

ABSTRACT

The study of antimicrobial compounds of animal origin, particularly antimicrobial peptides (AMPs), is a current research topic.
However, extracting endogenous AMPs is a challenging process and requires the application of targeted enzymatic processing
principles based on knowledge of the structure of prepropeptide molecules — precursors of AMPs. In this study, a search was
conducted for antimicrobial peptides present in Sus scrofa and Bos taurus organisms, as well as their precursors, using The Antimi-
crobial Peptide Database and UniProtKB databases. In the amino acid sequences of prepropeptides, the sequences of the mature
peptides were found, and cleavage sites for trypsin, bacterial collagenase (type I), and neutrophil elastase were determined. As a
result of the search for antimicrobial compounds in The Antimicrobial Peptide Database, 18 antimicrobial peptides from Sus scrofa
and 40 antimicrobial peptides from Bos taurus were identified. Based on the results of determining cleavage sites in AMP precur-
sors, enzymes were ranked from less preferred to more preferred for AMP release as follows: bacterial collagenase (type I) € trypsin
< neutrophil elastase. This order is justified not only by the number of suitable cleavage sites and their accuracy but also by the
action of enzymes within mature AMPs: it is important to consider that enzymes can “cut” the peptides themselves, thereby re-
ducing their antimicrobial activity. The bioinformatics analysis conducted is applicable for both primary screening of raw material
potential and determining of suitable enzymes for extracting antimicrobial compounds from Sus scrofa and Bos taurus organisms.
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1. BBegenue

VicTOpuMsl OTKPBITMSI BELIECTB C MPOTMBOMMKPOGHBIMM CBOVICTBAMU
GepeT HavaJI0 CO BTOPOJi MoMoBUHBI XIX Beka, Korga 6bU10 0GHAPYKEHO,
YTO MUKPOOPTaHM3MBbI OTBETCTBEHHBI 32 pa3iMyUHble MHGEKIMOHHbIE
3a601eBaHsI, MpecieOBaBIIMe YeJIOBeUeCTBO C JaBHUX BpeMeH [1]. [Tep-
BbIM ITPOTMBOMMKPOOHBIM areHTOM B Mupe 6bUT caibBapcaH, CPeCTBO OT
cudnmica, cuaresupoBaHHoe B 1910 r. dpiyxom [2]. B 1935 r. Jomarkom
U IPYTYMMU MCCIeN0BaTeNsIMU ObUIM Pa3paboTaHbl CynbdaHUIaMUabL. ITU
rpernaparbl 6bUIM CUHTETUYECKUMY COENVHEHUSIMU M VMEJIY OrpaHuye-

O UUTUPOBAHNA: Hommmyk E. K., Korenkosa E. A. (2024). ITporHo3upo-
BaHMe [eiiCTBYSI SH3VMOB JIJIsSl M3BJI€UeHNS] BeIleCTB ¢ aHTYMUKPOGHOJ Hampas-
JIEHHOCTBIO IJICTBYSI U3 OPraHM3MOB Sus scrofa v Bos taurus. ITuwessie cucmembl,
7(1), 125-136. https://doi.org/10.21323/2618-9771-2024-7-1-125-136

HMUSI C TOUKY 3peHus 6e3omacHOCTY U 3 derTuBHOCTH. B 1928 rony dre-
MWHT OOHapYKmI, uTo poct Staphylococcus aureus TOAABIISIETCS B 30HE,
OKpY’KAIIIeil CUHIOI TuleceHb (rpub u3 popa Penicillium) B 3apaskeH-
HBIX €1 KyJbTypabHBIX YalllKax, YTO IIPUBEIO K OTKPBITHIO aHTUOMOTH-
KOB, MHTMOMPYIOLUIMX POCT APYTMX MUKPOOPraHm3moB [1]. AHTMOMOTHUK,
Ha3BaHHbBI/ MMEHUIWUIMHOM, Havyal NMPUMEHSThCS B KIMHUYECKOI Ipa-
kTuKe B 1940-X rogax ¥ BO3IIaBuII 3Py aHTMMMKPOOHOI Teparmu, criacast
SKM3HM paHeHbIX BO BpeMs BTopoit MMpoBOIi BOViHBL. B TeueHme mnocie-
IYIOUIVX JIBYX NEeCSTWIETU i OAMH 3a APYTMM pa3pabaTbhlBaluCh HOBbIE

FOR CITATION: Polishchuk, E. K., Kotenkova, E. A. (2024). Prediction of en-
zyme action for extraction of antimicrobial substances from Sus scrofa and Bos
taurus. Food Systems, 7(1), 125-136. https://doi.org/10.21323/2618-9771-2024-7-
1-125-136
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KJTacChl IPOTMBOMMKPOGHBIX ITPEIIapaToB, OOHAKO BCKOPE CTAJIO SICHO, UTO
MMKPOOPTaHM3Mbl 06JIaIaI0T CIIOCOGHOCTHIO NMPUOOPETaTh YCTONUNMBOCTD
K QaHTMMVKPOGHBIM areHTaM aHTMOMOTIYeCKO MpUpoxbl. B cBsI3M ¢ BO3-
pociieii pe3suCTeHTHOCTbI0 MUKPOOPraHM3MOB aHTMMMUKPOOHbBIE BeIeCT-
Ba, paHee 3ddeKTVBHbIe, GO/blIe He MPUMEHSIOTCS WV MOLBEPraloTCs
MoaubuKauusM. YIeHble TIOCTOSIHHO BeIYT MOMCKY HOBBIX areHTOB C aH-
TUMMKPOOHOJ HAIPaBI€HHOCTBIO JeJCTBYS, CUMTasT KII0YeBbIMM KpUTe-
pusimu ux oréopa 3dHeKTUBHOCTD 1 6€30IIaCHOCTD, a TAKKe YUMThIBASI
BpeMsI ¥ BO3MOYKHOCTb BO3HMKHOBEHMSI PE3UCTEHTHOCTU K JIeJCTBYIOLIe-
MY BeLleCTBY Y MMKPOOPTraHM3MOB. BombIlol MHTepec y uccaenoBarenei
BbI3BIBAIOT AHTMMMKPOOHBIe MenTunsl (AMII), KOTOpble MpencTaBsIOT
co60Ji HeGosbIIMe MOMMKATUOHHbIE MENTHUAbI U SIBJISIOTCS OCHOBHBIMM
(bakTOpamu MPOTMBOMHMEKIMOHHO 3aIMUThl BPOXKIEHHOTO MMMYHUTE-
Ta MHOXXECTBA XMBBIX OpPraHusMoB [3]. OCHOBHOV MexaHMU3M JelCTBUS
AMII 3aKiT09aeTcsi B HapyIIeHUM 1IeJIOCTHOCTU GaKTepUaNIbHBIX KJIETOU-
HBIX MeMOpaH, Takke OHM YYaCTBYIOT B CTUMYJISILIMM MMMYHHOT'O OTBeTa
Y B Peryysiiiy BOCIIUTEIbHBIX ITPOLeccoB [4]. bbuio BbLsiBIeHO, 4TO AMIT
OrpaHUYMBAIOT PA3BUTHE YCTONYMBOCTY GAKTEPMUIt, IO CPABHEHUIO C APY-
IVMMM aHTUMMKDPOOHBIMM COemVHeHUsIMM [4,5], UTO SIB/IseTCs] GOMbIIM
MPEeyMYIIEeCTBOM 1 TI03BOJISIET PACCMATPUBATH AHTMMUKPOGHBIE TIETTTHUIbI
KaK aJbTePHATUBY TPAJUIIVIOHHBIM aHTUOMOTUKAM.

CornacHO aHaMM3y MyGIMKALMOHHON aKTMBHOCTM B 6a3e JAHHbIX
Google Scholar, mo 3ampocy «antimicrobial peptide» 3a mocnenHue ne-
CSITh JIeT 6bI10 Ony6IMKoBaHo cBbinie 92000 pabor, a ¢ Hauana 2023 roga
9TO ymncio pocrurio 6onee 17700 mybnukanuit. KomuieKTMBHBIMM yCU-
JIVISIMM MHOTUX JICCIefoBaTeNell Ha OCHOBe OCBOEHHBIX 3HaHWUil B 00-
JIaCTY aHTUMMUKPOOHBIX menTuaoB B 2003 romy 6biia paspaborana 6asa
naHHblx The Antimicrobial Peptide Database [6]. K HacTosiiemy Bpe-
MEeHM B Heil HacumThiBaeTcs 3425 aHTMMUKPOOHBIX MENTUAA U3 LIECTU
LApCTB: 385 6aKT€PUOLMHOB/TIENITUIHBIX aHTUOMOTUKOB — 13 GaKTepMit,
5 — u3 apxeit, 8 — 13 MPOTUCTOB, 25 — U3 rpuboB, 368 — U3 pacTeHuit
” 2489 — U3 XUBOTHBIX, BK/II0Uasl HEKOTOPble CUHTeTUUeCKMe MeNTHU b
[6]. K 2024 romy KOmMM4YecTBO pecypcoB, coepkammx uHbopmanmio oo
QHTMMUKPOOHBIX MENTUAAX PA3TNYHOTO IPOUCXOKAEHMS, CYIIeCTBEHHO
BO3POCJIO U cocTaBisieT Gonee 25 6a3 maHHBIX [7]. B HacTosee BpeMms
YMCIIO YUEHBIX, MUCCIEAYIOMMX aHTMUKPOOHbIE MeTHU/IbI, JOBOJIBHO Be-
JIVIKO, KaK ¥ IMana3oH 06beKTOB UCCIeS,0BaHMIA.

KnaccuduimpoBats AMII MOKHO 110 MHOTMM IIpM3HaKaM: 10 Ha-
[PaBJIEHHOCTY AeiCcTBUS (aHTUOAKTepUaabHble, MHCeKTUIMIHbIE, TIPO-
TUBOTPUOKOBbIE, MPOTUBOBMPYCHbIe AMII), Mo (GU3UKO-XMMUUECKUM
CBOJICTBaM (HelTpa/ibHble, aHMOHHbIE, KATVOHHbIE), II0 pa3Mepy (KpyIi-
sble (50-100 aMMHOKMCIOTHBIX OCTATKOB — a. 0.), Majble (10-24 a. o0.),
cpepuue (25-50 a. 0.)) u T. 4. [8]. CTOUT OTMETUTD, UTO OGOJIBIINHCTBO
M3YYEHHBIX AHTUMMUKPOOHBIX MENTHUAOB MJIEKOIMUTAIOIINX SIBISIOTCS
KOMITIOHEHTOM BPOKIEHHOI'O MMMYHUTETa U ObIIM BbIAENeHbl U3 Heji-
TPOGWIbHBIX I'PAHYJIOLUTOB. B OCHOBHOM OHM CMHTE3UPYIOTCSI B BUIE
MpeJIIeCTBeHHUKOB — IIPeNpONenTUIHbIX MOJIEeKY/, COCTOSIIMX W3
N-KOHIIE€BOJI CUTHAIBHOI IOC/Ie0BATENBHOCTM (KOTOPAsi CIIOCOOCTBY-
eT HaleJMBaHMIO Ha SHJOIIa3MaTHMUeCKMit PeTUKYIyM), MpocermMeH-
Ta 1 C-KOHLIEBOTO KaTMOHHOTO MenTuaa. IlocienHuii, B CBOIO ouepe/b,
JIeMOHCTPUpPYeT aHTUMMKPOOHYIO aKTMBHOCTb I1OC/Ie OTLIeIUIEHUSI OT
OCTaQJIbHOM 4yacTy Mosekynsl [8,9,10] mocpeAcTBOM MOCTTPAHCISILIMOH-
HbIX Mopudukanuii. [Ipenponentuy ynepsxkusaer C-KOHIEBOJ MeNTHT,
B HEaKTMBHOM (opMe [0 ero majbHerIneir 06paboTKM U TOATOTOBKM
K BbICBOOOXKIEHMIO, KOTTIA 9TO HEOOXOAMMO.

CrnemyeT yunuThiBaTh, 4TO0 AMII MOTYT GBITH TOKCUYHBIMU [JIsI HEKO-
TOPBIX KJIETOK M HOPMAaJbHON MMKPOQIOPHI OpraHu3Ma-Xo3siMHa Mpu
OTIpe/ie/IeHHbIX YCIOBUSIX. DTO TOBOPUT O TOM, YTO MMMYHUTET Opra-
HM3Ma-X03sIMHA OJKEH MOAIePKMBATh TOHKMI 6amanc: AMII 1O/KHbI
OBITh JOCTATOYHO MOILIHBIMM, YTOGBI GBICTPO MHIVOGMPOBATH TATOT€HHbIE
MMKPOOPTaHM3MbI, HO He HaCTOJIBKO, YTOOBI HapylaTh 6anaHCc MVUKPO-
6MOTBI MM TIOBPEKIATh TKAHYU OpraHm3ma-xossyua [11]. ITo-sBunumomy,
VMMEHHO 3TO YC/IOBMe obecreuynBaeT HaJeXKHYIO «YIIaKOBKY» IENTHIA
M HeTPaIM3alMIo ero aKTUBHOCTY 10 CUTHA/IA 06 «aTake» MaTOreHOM.
V3-3a moTeHIMaIbHO BPeJHOrO Bo3aelicTBus 3penbix AMII Ha KkieTou-
Hble MeMOpaHbl MJIIEKOIUTAOIIMX ITpoLiecCcHT MHOTMX AMII Takke pe-
IYIUPYeTCsl IyTeM MX XpaHeHMsI B CeKPeTOPHBIX IpaHyax [12].

HecMoTpsl Ha aKkTyaJbHOCTb M3y4YeHMSI aHTMMUKPOOHBIX IMENTHUIOB
B HacTosiee BpeMs, OOJblIei IMOMYISIPHOCTBIO IMOMb3YIOTCSI CUHTE3bI
pexombuHaHTHBIX AMII ¢ M3BeCTHO wiu 6MoMH(DOPMATIUUECKM BbIUM-
CJIEHHO} T0C/Iel0BaTebHOCTbIO, NTpejHa3HaueHHble IS JalbHelilero
MCTIONb30BaHMs B KauecTBe (apMIIperaparos, MeCTULMIOB, MUIIEBbIX
KOHCEPBAHTOB 1 T. 1. [13]. [lTaHHBIe TEXHOIOI MUY SOCTATOYHO BOCTPe6OBa-
HBI, XOPOIIO BOCITPOM3BOAMMBI B OTHOLIEHMM MHOIMX GaKTepUOLIMHOB,
HO MIMeIOT HEKOTOPbIe CIOKHOCTY IIPY BOCIIPOM3Be[eHNM B OTHOILEHUY
AMIT MIeKOIIUTAIOIMX, YTO OOYCIIOBIEHO PasINnuMIMM MEXIY IPOKapy-
OTaMM ¥ 9yKapyoTaMy. AHa/IM3 HayYHBIX ITyGIVKALIMIf IIOKa3aJl, YTO MHO-

rvie yyeHble 03alaueHbl BOIIpocamy IoycKa HoBbIX AMII, HO uib HeKo-
TOpbIEe 3a/HTePeCcOBaHbl Borpocamy ahdekTuBHOro u3Bnevyenmst AMII n3
PaCTUTENbHOTO ChIPbs [14], HaceKoMbIX [15], 6ecri03BOHOUHBIX [16].

Vi3BneyeHyne 3HIOTEHHBIX AHTUMMUKPOOHBIX IENTUAOB U3 3yKapu-
OTMYECKVX OPraHM3MOB IOCPEICTBOM OMOTEXHOJIOTMYECKNX IIPMEMOB
MIpefCTaB/sieT co00i 3aTPyAHMUTENbHYIO 3ajady, KoTopasi TpebyeT pe-
meHust. CTOUT OTMEeTUTb, YTO MPUHLIMIIBI «HAIIPaBAeHHO» 9H3UMAaTH-
YyecKoil 06paboTky st uHTeHcuduKanyuy ussnederuss AMII SIBSIIOTCS
CJIO’KHOI ¥ MaJIOM3y4YeHHOIi 06/1aCThI0 MCC/IeS0BaHNIA, OLHAKO JOBOTbHO
[IePCIIeKTUBHOI. B CBSI3Y € 3TUM LIe/bI0 HACTOSIIET0 MCCIIeN0BaHNS OBLIO
MIPOTHO3MPOBaHMe AeJICTBYS SH3VIMOB JIJIs1 HAllpaBJIeHHOTO M3BJIeUeHMS
aQHTVMMKPOOHBIX coelMHeHMIi Ha 6a3e 3HAHMIT O CTPYKType UX Mpefle-
CTBEHHMKOB M3 OpPraHn3MoB Sus scrofa v Bos taurus.

2. OG'BEKTHI ¥ METOABI

IMonck amuHOKMCAOTHBIX (AK) mocnenoBaTenbHOCTEe 3pebIX aH-
TUMUKPOGHBIX COEAVHEHMIT B OpraHu3Max Sus scrofa v Bos taurus ocy-
LIIeCTBJISITICS C UICTIO/Ib30BaHMeM 6a3bl JaHHbIX The Antimicrobial Peptide
Database [6]. [lsis1 aToro nepexomwin Bo Bkiaaaky AMP Database Search
u B rpade Source Organism ykassiBasnu Sus scrofa/Bos taurus. Ha ctpa-
HUIIE KaKIO0T0 0OHAPYKeHHOTO MenTuaa Komuposaau ID-HoOMep menTu-
na u3 rpadsr SwissProt ID, KOTOPbIiT BCTAaBJIS/IM B CTPOKY MOMUCKa 6a3bl
nanabix UniProtKB [17] mins moncka AK-TiociejoBaTe/IbHOCTH TIpe/ie-
CTBEHHMKA JaHHOrO MenTtuia. B crydae, ecin ID-HOMep nenTuaa B rpa-
e SwissProt He 6bT yKa3aH, MpUMeHSICS MHCTPYMeHT Peptide Search
(https://www.uniprot.org/peptide-search), mo3BoisifOINii HAATU TIpe-
LIeCTBEHHUK MCKOMOro AMIT 110 aMMHOKMCIOTHO MOC/IeI0BaTEIbHOCTI
TIOC/IeIHETrO C YIeTOM TaKCOHOMUM.

B kauecTBe 3H3MMOB, PacCIIeIUISIOUIMX aMUHOKUC/IOTHBIE IOC/Ie0-
BATEIbHOCTU MPENpPOIENTHUIHbIX MOJIEKYJ, PacCMaTpPUBaaM TPUIICKH,
GaKkTepuanbHy0 KojutareHasy (tTutl I) u HeliTpoduibHYI0 31acTasy, npej-
TTOYTUTETbHBIE CAITHI PACIIETUIEHNS I KOTOPBIX OTIPe eI TOCpei-
CTBOM JINTEPATypPHOro noucka. B AK-moc/ienoBaTebHOCTSIX IPerporier-
TUIOB HAXOIWIN TOC/IeI0BaTEeTbHOCTh 3PEJIOTO IMENTHUAA U BbISIBISIIA
CaiThI pacuieruIeHust sl KaXJ0To M3 3H3MMOB. [I7151 OLleHKM CpemHero
MPOLIEHTHOTO comepskaHust AK-octaTkoB B AMII, KOTOpbIe JOIKHBI TPU-
CYTCTBOBATb B CaiiTax pacIlerieHNsI B COOTBETCTBUMU C IUTEPATYPHBIMU
JAHHBIMM O MPOTEONIUTUYECKOM JEeCTBUM OTOOPAHHBIX YH3MMOB, I10-
cte ompepenenust crcka AK-mocienoBaTenbHOCTe 3pesibIX aHTUMMU-
KpOOHBbIX coemuHenuit st Sus scrofa u Bos taurus B 6a3e gaHHbiXx The
Antimicrobial Peptide Database [6] BHM3Y cITMCKa ITepeXOAMUIN BO BKIaJ -
Ky Select all and see sequence statistical data.

3. PesynbTaThl ¥ 06CYKAEHME

Mo uToram rmoucka aHTUMMKPOOHBIX COeAMHEHMIT B 6a3e maHHbIX The
Antimicrobial Peptide Database [6] 661710 BbISIBIIEHO 18 aHTUMUKPOGHBIX
enTumoB Sus scrofa u 40 aHTUMMKPOOHbIX MTENTUI0B Bos taurus. Pesyiib-
TaThI ONPEeeNIeHNS CaliTOB PacCIleryIeHNs B TPePONeNTUIHBIX TIPeIie-
crBeHHMKax AMII a1 TpuricuHa, s1acTassl M KO/UIareHasbl IIpeficTaBie-
Hbl B Tabmuiiax 1, 2 1 3 COOTBETCTBEHHO.

TpurcuH npeacTasisieT co60ii CepMHOBYIO MPOTeasy, BhipabaThiBae-
MYIO TIOZIKeTyIOYHOM Keae30ii. ITOT GpepMeHT NMpeuMyIecTBeHHO I'!i-
IIPOIM3YeT CBSI3M aMMHOKMUCIOTHBIX OCTATKOB JM3UHA U aprMHMHA (Arg
(R) -|- Xaa (neritpanbHast ammHokuciaora), Lys (K) -|- Xaa) Ha C-koHLe-
BOJ1 cTopoHe 6enka (PucyHok 1) [18,19,20].

| CaitT pacensienus
ONs TPUNCUHa

Cy6cTpaTt

Aprunu (R) unu
Ninzux (K) Xaa

|

N-koHeL, | C-KoHell,
I
1

TpuncuH

PucyHok 1. IIpegnnouTuTeIbHBIN CAlAT paclienjieHns
AJISI TPUIICUHA
Figure 1. Preferred cleavage site for trypsin

Ipumeuanue: caiiTbl y3HaBaHMs cybeTpaTa IPOHYMepOBaHbI S-S B HarpaBiie-
Huyu N-KoHLa cy6erpara u S-S’ B HanpaBieHuyu C-KOHIIA. AMUHOKMC/IOTHBIE
ocraTku cybcrpara npoHymepoBsanbl P -P u P ’-P * coorBeTcTBeHHO. Hymeparms
Ha4MHAeTCsl C pa3pe3aeMoii CBS3U.

Note: The substrate binding sites downstream of the cleavage site are numbered S-S towards
the N-terminus of the substrate and S-S ’ towards the C-terminus. The substrate residues are
numbered P -P_and P -P ’respectively. The numbering starts at the scissile bond.
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Ta6nuia 1. [leficTBMe TPUIICMHA Ha MPENpoIeNTHIHbIe IpealieCTBeHHNKN HeKoTopbix AMIT

HasBanue 3penoro
AMII

ITporerpun-1
IIpoTerpun-2
IIpoTerpuu-3
ITporerpuH-4
IIpoTerpuH-5
PMAP-23

PMAP-36

PMAP-37

PR-39

CuHoi NK-113mH

TpodennH-1

IpodennH-2

Bydopun-1 (ructon H2A)
JIn3ouum CBUHO

IMerrtua 3910
SP-B

SP-E

PR-35

BakTreHelnuH

Bakrenenyu-5

BakreHeuuH-7

JlakTodeppuunH-B

Bera-medensun 1

Table 1. Action of trypsin on prepropeptide precursors of some AMPs

CaiiThl pacuierieHus.

Sus scrofa

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR OPPELCDFKE NGRVKOCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRR RFCVCVGRG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRR RECICVG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKOCVGT VTLDQIKDPL DITCNEVQGV RGGGLCYCRR RECVCVGRG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKOCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRG WICFCVGRG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR OPPELCDFKE NGRVKOCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRP RECVCVGRG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLKEIRGNF DITCNQLQSV RIIDLLWRVR RPQKPKFVTV WVR

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTW RPPELCDFKE NGRVKQCVGT VTLNPSNDPL DINCDEIQSV GRFRRLRKKT RKRLKKIGKV LKWIPPIVGS
IPLGCG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSETV
KETVCPRPTW RPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEIQSV GLLSRLRDFL SDRGRRLGEK IERIGQKIKD
LSEFFQS

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR OPPELCDFKE NGRVKQCVGT VTLNPSIHSL DISCNEIQSV RRRPRPPYLP RPRPPPFFPP RLPPRIPPGF
PPRFPPRFPG KR

PGLAFSGLTP EHSALARAHP CDGEQFCONL APEDPQGDQL LQREELGLIC ESCRKIIQKL EDMVGPQOPNE DTVTQAASRV
CDKMKILRGV CKKIMRTFLR RISKDILTGK KPQAICVDIK ICKEKTGLI

LLLLALVVPS ASAQALSYRE AVLRAVDRLN EQSSEANLYR LLELDQPPKA DEDPGTPKPV SFTVKETVCP RPTROPPELC
DFKENGRVKQ CVGTVTLDQI KDPLDITCNE GVRRFPWWWP FLRRPRLRRO AFPPPNVPGP RFPPPNFPGP RFPPPNFPGP
RFPPPNFPGP RFPPPNFPGP PFPPPIFPGP WEPPPPPFRP PPFGPPRFPG RR

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR RPPELCDFKE NGRVKOCVGT VTLDQIKDPL DITCNEGVRR FPWWWPFLRR PRLRROAFPP PNVPGPREFPP
PNVPGPRFPP PNFPGPRFPP PNFPGPRFPP PNFPGPPFPP PIFPGPWFPP PPPFRPPPFG PPRFPGRR

AGRGKQGGKV RAKAKTRSSR AGLQFPVGRV HRLLRKGNY

MKTLLVLALL LLSVSVQAKV YDRCEFARIL KKSGMDGYRG VSLANWVCLA KWESDFNTKA INHNVGSTDY GIFQINSRYW
CNDGKTPKAV NACHISCKVL LDDDLSQDIE CAKRVVRDPL GVKAWVAWRA HCONKDVSQY IRGCKL

RADTQTYQPY NKDWIKEKIY VLLRROAQQA GK

MLPILLSVAL LALSSARSPF FDLEDANSNS AEKFLRPPPG GGPPRPPPPE ESQGEGHQKR PRPPGDGPEQ GPAPPGARPP
PGPPPPGPPP PGP APPGAR PPPGPPPPGP PPPGP.

ARPPPGPPPP GPPPPGP
APPGARPPPG PPPLGPPPPG PAPPGARPPP GPPPPGPPPP G
PPGPAPPGAR PPPGPPPPGPPPPGPAPPGA RPPPGPPPPG PPPPG P GARPPPGPPP
PGPPPPGPAP PGARPPPPPP PPADEPQQGP APSGDKPKKK PPPPAGPPPP GPPSPGPAPP GARPPPGPPP PGPPPPGPAP
A PPGARPPPGP PPPGPPPPGP PGARPPP GPPPPGPPPP
GP, APPGARP PPGPPPPGPP PPGP APPGA RPPPGPPPPG
PPPPGPAPPG ARPPPGPPPP PPGPSPPRPP PGPPPQ

MLPILLSVAL LALSSARSPF FDLEDANSNS AEKFLRPPPG GGPPRPPPPE ESQGEGHQKR PRPPGDGPEQ GPAPPGARPP PGPPPPGPPP
PGPAPPGARP PPGPPPPGPP PPGPAPPGAR PPPGPPPPGP PPPGPAPPGA RPPPGPPPPA GGLQQGPAPS HVGPKKKPPP
PGAGHPPRPP PPANESQPGP RPPPGPPSPP ANDSQEGSPS ADGPQQGPAP SGDKPKKKPP PPAGPPPPPP PPPGPPPPGP
APPGARPPPG PPPPGPPPPG PAPPGARPPP GPPPPGPPPP GPAPPAPPGA RPPPGPPPPG PPPPGPAPPG ARPPGPPPPG
PPPPGPAPPG ARPPPGPPPP GPPPPGPAPP GARPPPGPPP PGPPPPGPAP PGARPPTGPP PPGPPPPGPA PPGARPPPGP
PPPGPPPPGP APPGARPPPG PPPPGPPPPG PAPPGARPPP PPPPPADEPQ QGPAPSGDKP KKKPPPPAGP PPPPPPPPG
METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKOCVGT VTLNPSIHSL DISCNEIQSV RRRPRPPYLP RPRPPPFFPP RLPPRIPPGF
PPRFPPRFPG KR

Bos taurus

METPRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQLNEQSS EPNIYRLLEL DQPPQDDEDP DSPKRVSFRV
KETVCSRTTQ QPPEQCDFKE NGLLKRCEGT VTLDQVRGNF DITCNNHQSI RITKOPWAPP QAARLCRIVV IRVCR

METQRASLSL GRCSLWLLLL GLVLPSASAQ ALSYREAVLR AVDQEFNERSS EANLYRLLEL DPTPNDDLDP GTRKPVSFRV
KETDCPRTSQ QPLEQCDFKE NGLVKQCVGT VTLDPSNDQF DINCNELQSV RERPPIRRPP IRPPFYPPFR PPIRPPIFPP
IRPPFRPPLG PFPGRR

METQRASLSL GRWSLWLLLL GLVLPSASAQ ALSYREAVLR AVDRINERSS EANLYRLLEL DPPPKDVEDR GARKPTSFTV
KETVCPRTSP QPPEQCDFKE NGLVKOCVGT ITLDQSDDLF DLNCNELQSV RRIRPRPPRL PRPRPRPLPF PRPGPRPIPR
PLPFPRPGPR PIPRPLPFPR PGPRPIPRPL

MKLFVPALLS LGALGLCLAA PRKNVRWCTI SQPEWEKCRR WQWRMKKLGA PSITCVRRAF ALECIRAIAE KKADAVTLDG
GMVFEAGRDP YKLRPVAAEI YGTKESPQTH YYAVAVVKKG SNFQLDQLQG RKSCHTGLGR SAGWIIPMGI LRPYLSWTES
LEPLQGAVAK FFSASCVPCI DROAYPNLCQ LCKGEGENQC ACSSREPYFG YSGAFKCLQD GAGDVAFVKE TTVFENLPEK
ADRDQYELLC LNNSRAPVDA FKECHLAQVP SHAVVARSVD GKEDLIWKLL SKAQEKFGKN KSRSFQLFGS PPGQRDLLFK
DSALGFLRIP SKVDSALYLG SRYLTTLKNL RETAEEVKAR YTRVVWCAVG PEEQKKCQQW SQQSGONVTC ATASTTDDCI
VLVLKGEADA LNLDGGYIYT AGKCGLVPVL AENRKSSKHS SLDCVLRPTE GYLAVAVVKK ANEGLTWNSL KDKKSCHTAV
DRTAGWNIPM GLIVNQTGSC AFDEFFSQSC APGADPKSRL CALCAGDDQG LDKCVPNSKE KYYGYTGAFR CLAEDVGDVA
FVKNDTVWEN TNGESTADWA KNLNREDFRL LCLDGTRKPV TEAQSCHLAV APNHAVVSRS DRAAHVKOVL LHQQALFGKN
GKNCPDKFCL FKSETKNLLF NDNTECLAKL GGRPTYEEYL GTEYVTAIAN LKKCSTSPLL EACAFLTR

MRLHHLLLAL LFVVLSAGSG ISDFASCHTN GGICLPNRCP GHMIQIGICF RPRVKCCRSW
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Hassanmue 3pesioro
AMII

Bera-pedeHcuH 2
Bera-medencun 3
Bera-medencun 4
Bera-nedeHcuH 5
Bera-medeHcuH-6
Bera-medencun 7
Bera-nedencun 8
Bera-medencuu 9
Bera-gedencun 10
Bera-nmedencun 11
Bera-gedencun 12
Bera-gedencun 13
NHponMuuaua

CeMMHAIIUIA3MMH
AHTYMUKPOGHBII
MenTUA Tpaxen
BMAP-27
BMAP-28
BMAP-34

JIMHTBa/IbHbIN

AHTUMMUKPOOHBIN MENTH

Xpombaria
DHKeIUTUH

TAP 20N
CeKpeToNmUTUH

XpomauyH

Baszocratun-1

TOBSDKUIT MHTMOUTOD
TPUIICKHA U3

HOI[)[(EHYI[O‘IHOIZ JKeJ1e3bl

Kasouuauu-2

Bydopusn-1 (ructon H2A)

Tucton H2B
I'mcron H3
I'vcron H4

P3 (ocTtaTtku

remoryio6uHa 97-114)

ToBspRMIt
6eTa-Ka3enH

BSN-37

B34

OkoHuaHue mabauypt 1

CajiThl pacuernyieHus:

MRLHHLLLAL LFLVLSAGSG FTQGVRNHVT CRINRGFCVP IRCPGRTROI GTCFGPRIKC CRSW

LALLFLVLSA GSGFTQGVRN HVTCRINRGF CVPIRCPGRT ROIGTCFGPR IKCCRSW

MRLHHLLLAV LFLVLSAGSG FTQRVRNPQS CRWNMGVCIP FLCRVGMROI GTCFGPRVPC CRR

MRLHHLLLVL LFLVLSAGSG FTQVVRNPQS CRWNMGVCIP ISCPGNMROI GTCEGPRVPC CRRW

QGVRNHVTCR IYGGFCVPIR CPGRTROIGT CFGRPVKCCR RW

MRLHHLLLAL LFLVLSAGSG FTQGVRNFVT CRINRGFCVP IRCPGHRROI GTCLGPRIKC CR

MRLHHLLLAL LFLVLSAGSG FTQGVRNFVT CRINRGFCVP IRCPGHRROI GTCLGPQIKC CR

LALLFLVLSA GSGFTQGVRN FVTCRINRGF CVPIRCPGHR ROIGTCLAPQ IKCCR

MRLHHLLLLL LLVVLSSGSG FTQGVRSYLS CWGNRGICLL NRCPGRMROI GTCLAPRVKC CR

MRLHHLLLAL LFLVLSAGSG ISGPLSCRRN GGVCIPIRCP GPMROIGTCF GRPVKCCRSW

MRLHHLLLAL LFLVLSAASG ISGPLSCGRN GGVCIPIRCP VPMROIGTCF GRPVKCCRSW

MRLHHLLLAL LFLVLSAASG ISGPLSCGRN GGVCIPIRCP VPMROIGTCF GRPVKCCRSW

MQTQRASLSL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDQLNELSS EANLYRLLEL DPPPKDNEDL GTRKPVSFTV
KETVCPRTIQ QPAEQCDFKE KGRVKQCVGT VTLDPSNDQF DLNCNELQSV ILPWKWPWWP WRRG

MMAGRRSWPA MATVLLALLV CLGELVDSKP QPSDEKASPD KHHRFSLSRY AKLANRLANP KLLETFLSKW IGDRGNRSVK
MRLHHLLLAL LFLVLSAWSG FTQGVGNPVS CVRNKGICVP IRCPGSMKOI GTCVGRAVKC CRKK

METQRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQFNERSS EANLYRLLEL DPPPKEDDEN PNIPKPVSEFR
VKETVCPRTS QQPAEQCDFK ENGLVKOCVG TVTLDAVKGK INVTCEELQS VGRFKRFRKK FKKLFKKLSP VIPLLHLG
METQRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQLNEKSS EANLYRLLEL DPPPKEDDEN PNIPKPVSFR
VKETVCPRTS QQSPEQCDFK ENGLLKECVG TVTLDQVGSN FDITCAVPQS VGGLRSLGRK ILRAWKKYGP ITVPIIRIG
METQRASFSL GRSSLWLLLL GLVVPSASAQ DLSYREAVLR AVDQFNERSS EANLYRLLEL DPPPEQDVEH PGARKPVSFT
VKETVCPRTT PQPPEQCDFK ENGLVKQCVG TVTRYWIRGD FDITCNNIQS AGLFRRLRDS IRRGQQKILE KARRIGERIK DIFRG

MRLHHLLLAL LFLVLSAGSG FTQGVRNSQS CRRNKGICVP IRCPGSMROI GTCLGAQVKC CRRK

AAEFPDFYDSEEQMGPHQEAEDEKDRADQRVLTEEEKKELENLAAMDLELQKIAEKFSQR

MARFLGLCTW LLALGPGLLA TVRAECSQDC ATCSYRLARP TDLNPLACTL ECEGKLPSLK TWETCKELLQ LTKLELPPDA
TSALSKQEES HLLAKKYGGF MKRYGGFMKK MDELYPLEVE EEANGGEVLG KRYGGFMKKD AEEDDGLGNS SNLLKELLGA
GDQREGSLHQ EGSDAEDVSK RYGGFMRGLK RSPHLEDETK ELQKRYGGFM RRVGRPEWWM DYQKRYGGFL KRFAEPLPSE
EEGESYSKEV PEMEKRYGGF MRF

NPVSCVRNKGICVPIRCPGNMKOIGTCVGRAVKCCRKK

MQPAALLGLL GATVVAAVSS MPVDIRNHNE EVVTHCIIEV LSNALLKSSA PPITPECRQV LKKNGKELKN EEKSENENTR
FEVRLLRDPA DTSEAPGLSS REDSGEGDAQ VPTVADTESG GHSRERAGEP PGSQVAKEAK TRYSKSEGON REEEMVKYQK
RERGEVGSEE RLSEGPGKAQ TAFLNQRNQT PAKKEELVSR YDTQSARGLE KSHSRERSSQ ESGEETKSQE NWPQELQRHP
EGQEAPGESE EDASPEVDKR HSRPRHHHGR SRPDRSSQEG NPPLEEESHV GTGNSDEEKA RHPAHFRALE EGAEYGEEVR
RHSAAQAPGD LQGARFGGRG RGEHQALRRP SEESLEQENK RHGLSPDLNM AQGYSEESEE ERGPAPGPSY RARGGEAAAY
STLGQTDEKR FLGETHHRVQ ESQRDKARRR LPGELRNYLD YGEEKGEEAA RGKWQPQGDP RDADENREEA RLRGKOYAPH
HITEKRLGEL LNPFYDPSQW KSSRFERKDP MDDSFLEGEE ENGLTLNEKN FFPEYNYDWW EKKPFEEDVN WGYEKRNPVP
KLDLKRQYDR VAELDQLLHY RKKSAEFPDF YDSEEQMSPQ HTAENEEEKA GQGVLTEEEE KELENLAAMD LELQKIAEKF SGTRRG
MRSAAVLALL LCAGQVIALP VNSPMNKGDT EVMKCIVEVI SDTLSKPSPM PVSKECFETL RGDERILSIL RHQNLLKELQ
DLALQGAKER THQQKKHSSY EDELSEVLEK PNDQAEPKEV TEEVSSKDAA EKRDDFKEVE KSDEDSDGDR PQASPGLGPG
PKVEEDNQAP GEEEEAPSNA HPLASLPSPK YPGPQAKEDS EGPSQGPASR EKGLSAEQGR OTEREEEEEK WEEAEAREKA
VPEEESPPTA AFKPPPSLGN KETQRAAPGW PEDGAGKMGA EEAKPPEGKG EWAHSROEEE EMARAPQVLF RGGKSGEPEQ
EEQLSKEWED AKRWSKMDQL AKELTAEKRL EGEEEEEEDP DRSMRLSFRA RGYGFRGPGL QLRRGWRPNS REDSVEAGLP
LQVRGYPEEK KEEEGSANRR PEDQELESLS AIEAELEKVA HQLEELRRG

MRSAAVLALL LCAGQVIALP VNSPMNKGDT EVMKCIVEVI SDTLSKPSPM PVSKECFETL RGDERILSIL RHQONLLKELQ
DLALOGAKER THQOKKHSSY EDELSEVLEK PNDQAEPKEV TEEVSSKDAA EKRDDFKEVE KSDEDSDGDR PQASPGLGPG
PKVEEDNQAP GEEEEAPSNA HPLASLPSPK YPGPQAKEDS EGPSQGPASR EKGLSAEQGR QTEREEEEEK WEEAEAREKA
VPEEESPPTA AFKPPPSLGN KETQRAAPGW PEDGAGKMGA EEAKPPEGKG EWAHSROEEE EMARAPQVLF RGGKSGEPEQ
EEQLSKEWED AKRWSKMDOQL AKELTAEKRL EGEEEEEEDP DRSMRLSFRA RGYGFRGPGL QLRRGWRPNS REDSVEAGLP
LOVRGYPEEK KEEEGSANRR PEDQELESLS AIEAELEKVA HQLEELRRG

MKMSRLCLSV ALLVLLGTLA ASTPGCDTSN QAKAQRPDFC LEPPYTGPCK ARIIRYFYNA KAGLCQTFVY GGCRAKRNNE
KSAEDCMRTC GGAIGPWENL

MKFFIFTCLLAVALAKNTMEHVSSSEESIISQETYKOEKNMAINPSKENLCSTFCKEVVRNANEEEYSIGSSSEESAEVATEEVKITVD
DKHYQKALNEINQFYQKFPQYLQYLYQGPIVLNPWDQVKRNAVPITPTLNREQLSTSEENSKKTVDMESTEVFTKKTKLTEEEKNR
LNFLKKISQRYQKFALPQYLKTVYQHQKAMKPWIQPKTKVIPYVRYL

AGRGKQGGKV RAKAKTRSSR AGLQFPVGRV HRLLRKGNY
MPEPSKSAPA PKKGSKKAVT KAQKKDGKKR KRSRKESYSV YVYKVLKOVH PDTGISSKAM GNMNSFVNDI FERIAGEASR
LAHYNKRSTI TSREIQTAVR LLLPGELAKH AVSEGTKAVT KYTSSK

MARTKQTARK STGGKAPRKQ LATKAARKSA PATGGVKKPH RYRPGTVALR EIRRYQKSTE LLIRKLPFQR LVREIAQDFK
TDLRFQSSAV MALQEACEAY LVGLFEDTNL CAIHAKRVTI MPKDIQLARR IRGERA
MSGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARR GGVKRISGLIYEETRGVLKIFLENVIRDAVTYTEHARRKTVTAMDV
VYALKROGRTLYGFGG
MVLSAADKGNVKAAWGKVGGHAAEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGAKVAAALTKAVEHLDDLPGALSEL
SDLHAHKLRVDPVNFKLLSHSLLVTLASHLPSDFTPAVHASLDKFLANVSTVLTSKYR
MKVLILACLVALALARELEELNVPGEIVESLSSSEESITRINKKIEKFQSEEQQQTEDELQDKIHPFAQTQSLVYPFPGPIPNSLPQNIPP
LTQTPVVVPPFLQPEVMGVSKVKEAMAPKHKEMPFPKYPVEPEFTESQSLTLTDVENLHLPLPLLQSWMHQPHQPLPPTVMFPPQS
VLSLSQSKVLPVPQKAVPYPQRDMPIQAFLLYQEPVLGPVRGPFPIIV
METQRASLSLGRCSLWLLLLGLVLPSASAQALSYREAVLRAVDQFNERSSEANLYRLLELDPTPNDDLDPGTRKPVSFRVKETDCPR
TSQQPLEQCDFKENGLVKQCVGTVTLDPSNDQFDINCNELQSVRERPPIRRPPIRPPFYPPERPPIRPPIFPPIRPPFRPPLGPFPGRR
MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKASEDLKKHGNTVLTALGGILKKKGHHE
AEVKHLAESHANKHKIPVKYLEFISDAITHVLHAKHPSDFGADAQAAMSKALELFRNDMAAQYKVLGFHG

IpumeuaHue: 5XeNTHIM U 3eJIEHBIM OTMeUEHbI 3peJible aHTMMUKPOOHBIE MeNTH/IbI, KPACHBIM — CaiiThI JeiicTBUS hepMeHTa.
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Ta6nuia 2. leiicTBue 3/1acTasbl Ha MPENPOEeNTHUIHbIE IpeJIecCTBeHHNKN HeKOoTopbix AMIIT

HassaHue 3pesnoro
AMII

IpoTerpusn-1
ITporerpun-2
IIporerpun-3
IpoTerpun-4
[IpoTerpuH-5
PMAP-23
PMAP-36
PMAP-37

PR-39

CsuHot NK-nmm3uH

ITpodennn-1

[Tpodennn-2

. Bydopun-1 (rucron H2A)

JIu3onmM CBUHOM

ITenntup 3910
SP-B

SP-E

PR-35

BakTeHnenyn

BakTeHelH-5

BakTeHenH-7

JlakTodeppuuinH-B

Bera-medensun 1
Bera-nmedeHncun 2
Bera-gedencun 3

Table 2. Action of elastase on prepropeptide precursors of some AMPs

CaiiThl pacuiernieHms

Sus scrofa

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVOGV RGGRLCYCRR RFCVCVGRG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVOGV RGGRLCYCRR RFCICVG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVOGV RGGGLCYCRR RFCVCVGRG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVOGV RGGRLCYCRG WICFCVGRG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVOGV RGGRLCYCRP RFCVCVGRG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLKEIRGNF DITCNQLQSV RIIDLLWRVR RPQKPKFVTV WVR

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTW RPPELCDFKE NGRVKQCVGT VTLNPSNDPL DINCDEIQSV GRFRRLRKKT RKRLKKIGKV LKWIPPIVGS IPLGCG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTW RPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEIQSV GLLSRLRDFL SDRGRRLGEK IERIGOKIKD LSEFFQS

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLNPSIHSL DISCNEIQSV RRRPRPPYLP RPRPPPFFPP RLPPRIPPGF
PPRFPPRFPG KR

PGLAFSGLTP EHSALARAHP CDGEQFCONL APEDPQGDQL LQREELGLIC ESCRKIIQKL EDMVGPQPNE DTVIQAASRV
CDKMKILRGV CKKIMRTFLR RISKDILTGK KPQAICVDIK ICKEKTGLI

LLLLALVVPS ASAQALSYRE AVLRAVDRLN EQSSEANLYR LLELDQPPKA DEDPGTPKPV SFTVKETVCP RPTRQPPELC
DFKENGRVKQ CVGTVTLDQI KDPLDITCNE GVRRFPWWWP FLRRPRLRRQ AFPPPNVPGP RFPPPNFPGP RFPPPNFPGP
RFPPPNFPGP RFPPPNFPGP PFPPPIFPGP WFPPPPPFRP PPFGPPRFPG RR

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR RPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEGVRR FPWWWPFLRR PRLRRQAFPP PNVPGPRFPP
PNVPGPRFPP PNFPGPRFPP PNFPGPRFPP PNFPGPPFPP PIFPGPWFPP PPPFRPPPFG PPRFPGRR

AGRGKQGGKV RAKAKTRSSR AGLQFPVGRV HRLLRKGNY

MKTLLVLALL LLSVSVOAKV YDRCEFARIL KKSGMDGYRG VSLANWVCLA KWESDENTKA INHNVGSTDY GIFQINSRYW
CNDGKTPKAV NACHISCKVL LDDDLSQDIE CAKRVVRDPL GVKAWVAWRA HCQNKDVSQY IRGCKL

RADTQTYQPY NKDWIKEKIY VLLRRQAOQA GK

MLPILLSVAL LALSSARSPF FDLEDANSNS AEKFLRPPPG GGPPRPPPPE ESQGEGHQKR PRPPGDGPEQ GPAPPGARPP
PGPPPPGPPP PGP APPGAR PPPGPPPPGP PPPGP

ARPPPGPPPP GPPPPGP AP PGARPPPGPP PPGPPPPGP

APPGARPPPG PPPLGPPPPG PAPPGARPPP GPPPPGPPPP GP
PPGPAPPGAR PPPGPPPPGPPPPGPAPPGA RPPPGPPPPG PPPPGP APP GARPPPGPPP
PGPPPPGPAP PGARPPPPPP PPADEPQQGP APSGDKPKKK PPPPAGPPPP GPPSPGPAPP GARPPPGPPP PGPPPPGPAP
PPGARPPPGP PPPGPPPPGP PGARPPP GPPPPGPPPP
GP APPGARP PPGPPPPGPP PPGP APPGA RPPPGPPPPG
PPPPGPAPPG ARPPPGPPPP PPGPSPPRPP PGPPPQ

MLPILLSVAL LALSSARSPF FDLEDANSNS AEKFLRPPPG GGPPRPPPPE ESQGEGHQKR PRPPGDGPEQ GPAPPGARPP
PGPPPPGPPP PGPAPPGARP PPGPPPPGPP PPGPAPPGAR PPPGPPPPGP PPPGPAPPGA RPPPGPPPPA GGLQQGPAPS
HVGPKKKPPP PGAGHPPRPP PPANESQPGP RPPPGPPSPP ANDSQEGSPS ADGPQQGPAP SGDKPKKKPP PPAGPPPPPP
PPPGPPPPGP APPGARPPPG PPPPGPPPPG PAPPGARPPP GPPPPGPPPP GPAPPAPPGA RPPPGPPPPG PPPPGPAPPG
ARPPGPPPPG PPPPGPAPPG ARPPPGPPPP GPPPPGPAPP GARPPPGPPP PGPPPPGPAP PGARPPTGPP PPGPPPPGPA
PPGARPPPGP PPPGPPPPGP APPGARPPPG PPPPGPPPPG PAPPGARPPP PPPPPADEPQ QGPAPSGDKP KKKPPPPAGP
PPPPPPPPG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLNPSIHSL DISCNEIQSV RRRPRPPYLP RPRPPPFFPP RLPPRIPPGF
PPRFPPRFPG KR

Bos taurus

METPRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQLNEQSS EPNIYRLLEL DQPPQDDEDP DSPKRVSFRV
KETVCSRTTQ QPPEQCDFKE NGLLKRCEGT VTLDQVRGNF DITCNNHQSI RITKQPWAPP QAARLCRIVV IRVCR

METQRASLSL GRCSLWLLLL GLVLPSASAQ ALSYREAVLR AVDQFNERSS EANLYRLLEL DPTPNDDLDP GTRKPVSFRV
KETDCPRTSQ QPLEQCDFKE NGLVKQCVGT VTLDPSNDQF DINCNELQSV RFRPPIRRPP IRPPFYPPFR PPIRPPIFPP
IRPPFRPPLG PFPGRR

METQRASLSL GRWSLWLLLL GLVLPSASAQ ALSYREAVLR AVDRINERSS EANLYRLLEL DPPPKDVEDR GARKPTSFTV
KETVCPRTSP QPPEQCDFKE NGLVKQCVGT ITLDQSDDLF DLNCNELQSV RRIRPRPPRL PRPRPRPLPF PRPGPRPIPR
PLPFPRPGPR PIPRPLPFPR PGPRPIPRPL

MKLFVPALLS LGALGLCLAA PRKNVRWCTI SQPEWFKCRR WQWRMKKLGA PSITCVRRAF ALECIRAIAE KKADAVTLDG
GMVFEAGRDP YKLRPVAAEI YGTKESPQTH YYAVAVVKKG SNFQLDQLQG RKSCHTGLGR SAGWIIPMGI LRPYLSWTES
LEPLQGAVAK FFSASCVPCI DRQAYPNLCQ LCKGEGENQC ACSSREPYFG YSGAFKCLQD GAGDVAFVKE TTVFENLPEK
ADRDQYELLC LNNSRAPVDA FKECHLAQVP SHAVVARSVD GKEDLIWKLL SKAQEKFGKN KSRSFQLFGS PPGQRDLLFK
DSALGFLRIP SKVDSALYLG SRYLTTLKNL RETAEEVKAR YTRVVWCAVG PEEQKKCQQW SQQSGQONVTC ATASTTDDCI
VLVLKGEADA LNLDGGYIYT AGKCGLVPVL AENRKSSKHS SLDCVLRPTE GYLAVAVVKK ANEGLTWNSL KDKKSCHTAV
DRTAGWNIPM GLIVNQTGSC AFDEFFSQSC APGADPKSRL CALCAGDDQG LDKCVPNSKE KYYGYTGAFR CLAEDVGDVA
FVKNDTVWEN TNGESTADWA KNLNREDFRL LCLDGTRKPV TEAQOSCHLAV APNHAVVSRS DRAAHVKQVL LHQQALFGKN
GKNCPDKFCL FKSETKNLLF NDNTECLAKL GGRPTYEEYL GTEYVTAIAN LKKCSTSPLL EACAFLTR

MRLHHLLLAL LFVVLSAGSG ISDFASCHTN GGICLPNRCP GHMIQIGICF RPRVKCCRSW
MRLHHLLLAL LFLVLSAGSG FTQGVRNHVT CRINRGFCVP IRCPGRTRQI GTCFGPRIKC CRSW
LALLFLVLSA GSGFTQGVRN HVTCRINRGF CVPIRCPGRT RQIGTCFGPR IKCCRSW
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14.
15.
16.
17.
18.

19.
20.

21.
22.
23.
24.

25.
26.

27.
28.

29.

30.

31.
32.
33.
34.
35.
36.
37.

38.

39.

40.

Hassanmue 3pesioro
AMII

bera-medencun 4
Bera-medeHcuH 5
Bera-nedeHcuH-6
Bera-pedencun 7
Bera-nedencun 8
Bera-medencun 9
Bera-gedencun 10
Bera-gedencun 11
Bera-nedencun 12
Bera-nmedencun 13
NHponMuuaua

CeMuHaNIa3MIMH
AHTUMUKPOGHDIN
MeTTUJL TPAXen
BMAP-27
BMAP-28
BMAP-34

JIMHTBaJIbHbIN

AHTUMMKPOOHBI MENTH,

Xpombarua
DHKeIUTUH

TAP 20N
CeKpeToNmMTNH

XpomauuH

Basocratmu-1

TOBSDKUI MHTUOUTOD
TPUIICUHA U3

HO,E[)I(EHY,E[O‘IHOﬁ JKeJ1e3bl

Kasoumaons-2

Bydbopun-1 (ructon H2A)

T'vcron H2B
I'icton H3
I'mcton H4

P3 (ocTtaTtku

remoryio6uHa 97-114)
ToBsDKUiT GeTa-Ka3enuH

BSN-37

B34

OkoHuaHue mabauyst 2

CaiiThl pacuienyieHus:

MRLHHLLLAV LFLVLSAGSG FTQRVRNPQS CRWNMGVCIP FLCRVGMRQI GTCFGPRVPC CRR

MRLHHLLLVL LFLVLSAGSG FTQVVRNPQS CRWNMGVCIP ISCPGNMRQI GTCFGPRVPC CRRW

QGVRNHVTCR IYGGFCVPIR CPGRTRQIGT CFGRPVKCCR RW

MRLHHLLLAL LFLVLSAGSG FTQGVRNFVT CRINRGFCVP IRCPGHRRQI GTCLGPRIKC CR

MRLHHLLLAL LFLVLSAGSG FTQGVRNFVT CRINRGFCVP IRCPGHRRQI GTCLGPQIKC CR

LALLFLVLSA GSGFTQGVRN FVTCRINRGF CVPIRCPGHR ROQIGTCLAPQ IKCCR

MRLHHLLLLL LLVVLSSGSG FTQGVRSYLS CWGNRGICLL NRCPGRMRQI GTCLAPRVKC CR

MRLHHLLLAL LFLVLSAGSG ISGPLSCRRN GGVCIPIRCP GPMRQIGTCF GRPVKCCRSW

MRLHHLLLAL LFLVLSAASG ISGPLSCGRN GGVCIPIRCP VPMRQIGTCF GRPVKCCRSW

MRLHHLLLAL LFLVLSAASG ISGPLSCGRN GGVCIPIRCP VPMRQIGTCF GRPVKCCRSW

MQTQRASLSL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDQLNELSS EANLYRLLEL DPPPKDNEDL GTRKPVSFTV
KETVCPRTIQ QPAEQCDFKE KGRVKQCVGT VTLDPSNDQF DLNCNELQSV ILPWKWPWWP WRRG

MMAGRRSWPA MATVLLALLV CLGELVDSKP QPSDEKASPD KHHRFSLSRY AKLANRLANP KLLETFLSKW IGDRGNRSVK
MRLHHLLLAL LFLVLSAWSG FTQGVGNPVS CVRNKGICVP IRCPGSMKQI GTCVGRAVKC CRKK

METQRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQFNERSS EANLYRLLEL DPPPKEDDEN PNIPKPVSFR
VKETVCPRTS QQPAEQCDFK ENGLVKQCVG TVTLDAVKGK INVTCEELQS VGRFKRFRKK FKKLFKKLSP VIPLLHLG

METQRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQLNEKSS EANLYRLLEL DPPPKEDDEN PNIPKPVSFR
VKETVCPRTS QQSPEQCDFK ENGLLKECVG TVTLDQVGSN FDITCAVPQS VGGLRSLGRK ILRAWKKYGP ITVPIIRIG

METQRASFSL GRSSLWLLLL GLVVPSASAQ DLSYREAVLR AVDQFNERSS EANLYRLLEL DPPPEQDVEH PGARKPVSFT
VKETVCPRTT PQPPEQCDFK ENGLVKQCVG TVTRYWIRGD FDITCNNIQS AGLFRRLRDS IRRGOOKILE KARRIGERIK DIFRG

MRLHHLLLAL LFLVLSAGSG FTQGVRNSQS CRRNKGICVP IRCPGSMRQI GTCLGAOVKC CRRK

AAEFPDFYDSEEQMGPHQEAEDEKDRADQRVLTEEEKKELENLAANMDLELQKIAEKFSQR

MARFLGLCTW LLALGPGLLA TVRAECSQDC ATCSYRLARP TDLNPLACTL ECEGKLPSLK TWETCKELLQ LTKLELPPDA
TSALSKQEES HLLAKKYGGF MKRYGGFMKK MDELYPLEVE EEANGGEVLG KRYGGFMKKD AEEDDGLGNS SNLLKELLGA
GDQREGSLHQ EGSDAEDVSK RYGGFMRGLK RSPHLEDETK ELQKRYGGFM RRVGRPEWWM DYQKRYGGFL KRFAEPLPSE
EEGESYSKEV PEMEKRYGGF MRF

NPVSCVRNKGICVPIRCPGNMKQIGTCVGRAVKCCRKK

MQPAALLGLL GATVVAAVSS MPVDIRNHNE EVVTHCIIEV LSNALLKSSA PPITPECRQV LKKNGKELKN EEKSENENTR
FEVRLLRDPA DTSEAPGLSS REDSGEGDAQ VPTVADTESG GHSRERAGEP PGSQVAKEAK TRYSKSEGQN REEEMVKYQK
RERGEVGSEE RLSEGPGKAQ TAFLNQRNQT PAKKEELVSR YDTQSARGLE KSHSRERSSQ ESGEETKSQE NWPQELQRHP
EGQEAPGESE EDASPEVDKR HSRPRHHHGR SRPDRSSQEG NPPLEEESHV GTGNSDEEKA RHPAHFRALE EGAEYGEEVR
RHSAAQAPGD LQGARFGGRG RGEHQALRRP SEESLEQENK RHGLSPDLNM AQGYSEESEE ERGPAPGPSY RARGGEAAAY
STLGQTDEKR FLGETHHRVQ ESQRDKARRR LPGELRNYLD YGEEKGEEAA RGKWQPQGDP RDADENREEA RLRGKQYAPH
HITEKRLGEL LNPFYDPSQW KSSRFERKDP MDDSFLEGEE ENGLTLNEKN FFPEYNYDWW EKKPFEEDVN WGYEKRNPVP
KLDLKRQYDR VAELDQLLHY RKKSAEFPDF YDSEEQMSPQ HTAENEEEKA GQGVLTEEEE KELENLAAMD LELQKIAEKF
SGTRRG

MRSAAVLALL LCAGQVIALP VNSPMNKGDT EVMKCIVEVI SDTLSKPSPM PVSKECFETL RGDERILSIL RHQNLLKELQ
DLALQGAKER THQQKKHSSY EDELSEVLEK PNDQAEPKEV TEEVSSKDAA EKRDDFKEVE KSDEDSDGDR PQASPGLGPG
PKVEEDNQAP GEEEEAPSNA HPLASLPSPK YPGPQAKEDS EGPSQGPASR EKGLSAEQGR QTEREEEEEK WEEAEAREKA
VPEEESPPTA AFKPPPSLGN KETQRAAPGW PEDGAGKMGA EEAKPPEGKG EWAHSRQEEE EMARAPQVLF RGGKSGEPEQ
EEQLSKEWED AKRWSKMDQL AKELTAEKRL EGEEEEEEDP DRSMRLSFRA RGYGFRGPGL QLRRGWRPNS REDSVEAGLP
LQVRGYPEEK KEEEGSANRR PEDQELESLS AIEAELEKVA HQLEELRRG

MRSAAVLALL LCAGQVIALP VNSPMNKGDT EVMKCIVEVI SDTLSKPSPM PVSKECFETL RGDERILSIL RHQNLLKELQ
DLALQGAKER THQQKKHSSY EDELSEVLEK PNDQAEPKEV TEEVSSKDAA EKRDDFKEVE KSDEDSDGDR PQASPGLGPG
PKVEEDNQAP GEEEEAPSNA HPLASLPSPK YPGPQAKEDS EGPSQGPASR EKGLSAEQGR QTEREEEEEK WEEAEAREKA
VPEEESPPTA AFKPPPSLGN KETQRAAPGW PEDGAGKMGA EEAKPPEGKG EWAHSRQEEE EMARAPQVLF RGGKSGEPEQ
EEQLSKEWED AKRWSKMDOQL AKELTAEKRL EGEEEEEEDP DRSMRLSFRA RGYGFRGPGL QLRRGWRPNS REDSVEAGLP
LQVRGYPEEK KEEEGSANRR PEDQELESLS AIEAELEKVA HQLEELRRG

MKMSRLCLSV ALLVLLGTLA ASTPGCDTSN QAKAQRPDFC LEPPYTGPCK ARIIRYFYNA KAGLCQTFVY GGCRAKRNNF
KSAEDCMRTC GGAIGPWENL

MKFFIFTCLLAVALAKNTMEHVSSSEESIISQETYKQEKNMAINPSKENLCSTFCKEVVRNANEEEYSIGSSSEESAEVATEEVKITVD
DKHYQKALNEINQFYQKFPQYLQYLYQGPIVLNPWDQVKRNAVPITPTLNREQLSTSEENSKKTVDMESTEVFTKKTKLTEEEKNR
LNFLKKISORYQKFALPQYLKTVYQHQKAMKPWIQPKTKVIPYVRYL

AGRGKQGGKV RAKAKTRSSR AGLQFPVGRV HRLLRKGNY

MPEPSKSAPA PKKGSKKAVT KAOKKDGKKR KRSRKESYSV YVYKVLKQVH PDTGISSKAM GNMNSFVNDI FERIAGEASR
LAHYNKRSTI TSREIQTAVR LLLPGELAKH AVSEGTKAVT KYTSSK

MARTKQTARK STGGKAPRKQ LATKAARKSA PATGGVKKPH RYRPGTVALR EIRRYQKSTE LLIRKLPFQR LVREIAQDFK
TDLRFQSSAV MALQEACEAY LVGLFEDTNL CATHAKRVTI MPKDIQLARR IRGERA
MSGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLKIFLENVIRDAVTYTEHARRKTVTAMDYV
VYALKRQGRTLYGFGG
MVLSAADKGNVKAAWGKVGGHAAEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGAKVAAALTKAVEHLDDLPGALSEL
SDLHAHKLRVDPVNEKLLSHSLLVTLASHLPSDFTPAVHASLDKFLANVSTVLTSKYR
MKVLILACLVALALARELEELNVPGEIVESLSSSEESITRINKKIEKFQSEEQQQTEDELQDKIHPFAQTQSLVYPFPGPIPNSLPQNIPP
LTQTPVVVPPFLQPEVMGVSKVKEAMAPKHKEMPFPKYPVEPFTESQSLTLTDVENLHLPLPLLQSWMHQPHQPLPPTVMFPPQS
VLSLSQSKVLPVPQKAVPYPQRDMPIQAFLLYQEPVLGPVRGPFPIIV
METQRASLSLGRCSLWLLLLGLVLPSASAQALSYREAVLRAVDQFNERSSEANLYRLLELDPTPNDDLDPGTRKPVSFRVKETDCPR
TSQQPLEQCDFKENGLVKQCVGTVTLDPSNDQFDINCNELQSVRERPPIRRPPIRPPFYPPERPPIRPPIFPPIRPPFRPPLGPFPGRR
MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPE TLEKFDKFKHLKTEAEMKASEDLKKHGNTVLTALGGILKKKGHHEA
EVKHLAESHANKHKIPVKYLEFISDAITHVLHAKHPSDFGADAQAAMSKALELFRNDMAAQYKVLGFHG

IIpumeuanue: skelTbIM U 3eJIeHbIM OTMeUeHbI 3pesible aHTMMMUKPOOHbIe IeNTHUAbI, KPaCHbIM — CaiiThl JeficTBUsI hepMeHTa.
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Ta6nuua 3. JleiicTBMe Ko/lareHasbl Ha MPenponenTiuaHbIe MpeAuecTBeHHUKM HeKoTopbix AMIT

HassaHue 3pesoro
AMII

IpoTerpun-1
IIporerpun-2
IIporerpun-3
IpoTerpun-4
IpoTerpuH-5
PMAP-23

PMAP-36

PMAP-37

PR-39

CsuHo NK-mm3uH

[Tpodenun-1

[Tpodennn-2

Bydopun-1 (ructon H2A)
JIu3o1MuM CBUHO

Tlentupm 3910
SP-B

SP-E

PR-35

BakreHnenun

BakTeHeluH-5

BakTeHenH-7

JlakTodeppuumH-B

Bera-pmedensun 1

Tabke 3. Action of collagenase on prepropeptide precursors of some AMPs

CaiiThl pacuieryieHus

Sus scrofa

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRR RFCVCVGRG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSETV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRR RFCICVG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSETV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVQGV RGGGLCYCRR RFCVCVGRG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRG WICFCVGRG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEVQGV RGGRLCYCRP RECVCVGRG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLKEIRGNF DITCNQLQSV RIIDLLWRVR RPQKPKFVTV WVR

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTW RPPELCDFKE NGRVKQCVGT VTLNPSNDPL DINCDEIQSV GRFRRLRKKT RKRLKKIGKV LKWIPPIVGS
IPLGCG

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTW RPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEIQSV GLLSRLRDFL SDRGRRLGEK IERIGQKIKD
LSEFFQS

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLNPSIHSL DISCNEIQSV RRRPRPPYLP RPRPPPFFPP RLPPRIPPGF
PPREPPRFPG KR

PGLAFSGLTP EHSALARAHP CDGEQFCONL APEDPQGDOQL LQREELGLIC ESCRKIIQKL EDMVGPQPNE DTVTQAASRV
CDKMKILRGV CKKIMRTFLR RISKDILTGK KPQAICVDIK ICKEKTGLI

LLLLALVVPS ASAQALSYRE AVLRAVDRLN EQSSEANLYR LLELDQPPKA DEDPGTPKPV SFTVKETVCP RPTRQPPELC
DFKENGRVKQ CVGTVTLDQI KDPLDITCNE GVRRFPWWWP FLRRPRLRRQ AFPPPNVPGP RFPPPNFPGP RFPPPNFPGP
RFPPPNFPGP RFPPPNFPGP PFPPPIFPGP WFPPPPPFRP PPFGPPRFPG RR

METQRASLCL GRWSLWLLLL ALVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR RPPELCDFKE NGRVKQCVGT VTLDQIKDPL DITCNEGVRR FPWWWPFLRR PRLRRQAFPP PNVPGPRFPP
PNVPGPRFPP PNFPGPRFPP PNFPGPRFPP PNFPGPPFPP PIFPGPWFPP PPPFRPPPFG PPRFPGRR

AGRGKQGGKV RAKAKTRSSR AGLOFPVGRV HRLLRKGNY

MKTLLVLALL LLSVSVQAKV YDRCEFARIL KKSGMDGYRG VSLANWVCLA KWESDFNTKA INHNVGSTDY GIFQINSRYW
CNDGKTPKAV NACHISCKVL LDDDLSQDIE CAKRVVRDPL GVKAWVAWRA HCQNKDVSQY IRGCKL

RADTQTYQPY NKDWIKEKIY VLLRRQAQQA GK

MLPILLSVAL LALSSARSPF FDLEDANSNS AEKFLRPPPG GGPPRPPPPE ESQGEGHQKR PRPPGDGPEQ GPAPPGARPP
PGPPPPGPPP PG PPGAR PPPGPPPPGP PPPG

ARPPPGPPPP GPPPPG
APPGARPPPG PPPLGPPPPG PAPPGARPPP GPPPPGPPPP GP PGARP PPGPPPPGPP
PPGPAPPGAR PPPGPPPPGP PPPGPAPPGA RPPPGPPPPG PPPPG P GARPPPGPPP
PGPPPPGPAP PGARPPPPPP PPADEPQQGP APSGDKPKKK PPPPAGPPPP GPPSPGPAPP GARPPPGPPP PGPPPPGPAP
PPGARPPPGP PPPGPPPPGP APPGARPPP GPPPPGPPPP
GP PGARP PPGPPPPGPP PPG PGA RPPPGPPPPG
PPPPGPAPPG ARPPPGPPPP PPGPSPPRPP PGPPPQ

MLPILLSVAL LALSSARSPF FDLEDANSNS AEKFLRPPPG GGPPRPPPPE ESQGEGHQKR PRPPGDGPEQ GPAPPGARPP
PGPPPPGPPP PGPAPPGARP PPGPPPPGPP PPGPAPPGAR PPPGPPPPGP PPPGPAPPGA RPPPGPPPPA GGLQQGPAPS
HVGPKKKPPP PGAGHPPRPP PPANESQPGP RPPPGPPSPP ANDSQEGSPS ADGPQQGPAP SGDKPKKKPP PPAGPPPPPP
PPPGPPPPGP APPGARPPPG PPPPGPPPPG PAPPGARPPP GPPPPGPPPP GPAPPAPPGA RPPPGPPPPG PPPPGPAPPG
ARPPGPPPPG PPPPGPAPPG ARPPPGPPPP GPPPPGPAPP GARPPPGPPP PGPPPPGPAP PGARPPTGPP PPGPPPPGPA
PPGARPPPGP PPPGPPPPGP APPGARPPPG PPPPGPPPPG PAPPGARPPP PPPPPADEPQ QGPAPSGDKP KKKPPPPAGP
PPPPPPPPG

METQRASLCL GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDRLNEQSS EANLYRLLEL DQPPKADEDP GTPKPVSFTV
KETVCPRPTR QPPELCDFKE NGRVKQCVGT VTLNPSIHSL DISCNEIQSV RRRPRPPYLP RPRPPPFFPP RLPPRIPPGF
PPRFPPRFPG KR

Bos taurus

METPRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQLNEQSS EPNIYRLLEL DQPPQDDEDP DSPKRVSFRV
KETVCSRTTQ QPPEQCDFKE NGLLKRCEGT VTLDQVRGNF DITCNNHQSI RITKQPWAPP QAARLCRIVV IRVCR

METQRASLSL GRCSLWLLLL GLVLPSASAQ ALSYREAVLR AVDQFNERSS EANLYRLLEL DPTPNDDLDP GTRKPVSFRV
KETDCPRTSQ QPLEQCDFKE NGLVKQCVGT VTLDPSNDQF DINCNELQSV RFRPPIRRPP IRPPFYPPFR PPIRPPIFPP
IRPPFRPPLG PFPGRR

METQRASLSL GRWSLWLLLL GLVLPSASAQ ALSYREAVLR AVDRINERSS EANLYRLLEL DPPPKDVEDR GARKPTSFTV
KETVCPRTSP QPPEQCDFKE NGLVKQCVGT ITLDQSDDLF DLNCNELQSV RRIRPRPPRL PRPRPRPLPF PRPGPRPIPR
PLPFPRPGPR PIPRPLPFPR PGPRPIPRPL

MKLFVPALLS LGALGLCLAA PRKNVRWCTI SQPEWFKCRR WQWRMKKLGA PSITCVRRAF ALECIRAIAE KKADAVTLDG
GMVFEAGRDP YKLRPVAAEI YGTKESPQTH YYAVAVVKKG SNFOLDOLQG RKSCHTGLGR SAGWIIPMGI LRPYLSWTES
LEPLQGAVAK FFSASCVPCI DRQAYPNLCQ LCKGEGENQC ACSSREPYFG YSGAFKCLOD GAGDVAFVKE TTVFENLPEK
ADRDQYELLC LNNSRAPVDA FKECHLAQVP SHAVVARSVD GKEDLIWKLL SKAQEKFGKN KSRSFQLFGS PPGQRDLLFK
DSALGFLRIP SKVDSALYLG SRYLTTLKNL RETAEEVKAR YTRVVWCAVG PEEQKKCQQW SQQSGONVTC ATASTTDDCI
VLVLKGEADA LNLDGGYIYT AGKCGLVPVL AENRKSSKHS SLDCVLRPTE GYLAVAVVKK ANEGLTWNSL KDKKSCHTAV
DRTAGWNIPM GLIVNQTGSC AFDEFFSQSC APGADPKSRL CALCAGDDQG LDKCVPNSKE KYYGYTGAFR CLAEDVGDVA
FVKNDTVWEN TNGESTADWA KNLNREDFRL LCLDGTRKPV TEAQSCHLAV APNHAVVSRS DRAAHVKQVL LHQQALFGKN
GKNCPDKFCL FKSETKNLLF NDNTECLAKL GGRPTYEEYL GTEYVTAIAN LKKCSTSPLL EACAFLTR

MRLHHLLLAL LFVVLSAGSG ISDFASCHTN GGICLPNRCP GHMIQIGICF RPRVKCCRSW
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38.
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40.

Hassanue 3pesioro
AMII

Bera-pedeHncus 2
Bera-gedencun 3
Bera-medencun 4
Bera-gedeHcuH 5
Bera-gedeHcun6
Bera-gedencun 7
Bera-pmedeHncus 8
Bera-gedencun 9
Bera-medencun 10
Bera-pedencun 11
Bera-medencun 12
bera-medencun 13
NHponuuuana

CeMMHaIIUIA3MMUH
AHTYMMKPOGHBI
TIeNTI, Tpaxen
BMAP-27
BMAP-28
BMAP-34

JIMHTBaTbHBI

AHTUMMUKPOOHDIN TEeNTH,

Xpombarina
DHKeINUTUH

TAP 20N
CeKpeTONnUTUH

XpomauyuH

Basocratun-1

TOBSDKMIT MIHTMOUTOD
TPUIICUHA U3

HO,IL)KGHY,ILOLIHOVI JKeJie3bl

Kasouuanu-2

Bydopun-1 (ructon H2A)

I'mcton H2B
T'vcron H3
T'ucron H4

P3 (octaTku

remoryio6uHa 97-114)
TCoBspKMit GeTa-Ka3enH

BSN-37

B34

OkoHuaHue mabauyst 3

CaiiTsl pacuienjieHms

MRLHHLLLAL LFLVLSAGSG FTQGVRNHVT CRINRGFCVP IRCPGRTRQI GTCEGPRIKC CRSW

LALLFLVLSA GSGFTQGVRN HVTCRINRGF CVPIRCPGRT RQIGTCEGPR IKCCRSW

MRLHHLLLAV LFLVLSAGSG FTQRVRNPQS CRWNMGVCIP FLCRVGMRQI GTCEGPRVPC CRR

MRLHHLLLVL LFLVLSAGSG FTQVVRNPQS CRWNMGVCIP ISCPGNMRQI GTCEGPRVPC CRRW

QGVRNHVTCR IYGGFCVPIR CPGRTRQIGT CFGRPVKCCR RW

MRLHHLLLAL LFLVLSAGSG FTQGVRNFVT CRINRGECVP IRCPGHRRQI GTCLGPRIKC CR

MRLHHLLLAL LFLVLSAGSG FTQGVRNFVT CRINRGECVP IRCPGHRRQI GTCLGPQIKC CR

LALLFLVLSA GSGFTQGVRN FVTCRINRGE CVPIRCPGHR RQIGTCLAPQ IKCCR

MRLHHLLLLL LLVVLSSGSG FTQGVRSYLS CWGNRGICLL NRCPGRMRQI GTCLAPRVKC CR

MRLHHLLLAL LFLVLSAGSG ISGPLSCRRN GGVCIPIRCP GPMRQIGTCE GRPVKCCRSW

MRLHHLLLAL LFLVLSAASG ISGPLSCGRN GGVCIPIRCP VPMRQIGTCE GRPVKCCRSW

MRLHHLLLAL LFLVLSAASG ISGPLSCGRN GGVCIPIRCP VPMRQIGTCF GRPVKCCRSW

MQTQRASLSL. GRWSLWLLLL GLVVPSASAQ ALSYREAVLR AVDQLNELSS EANLYRLLEL DPPPKDNEDL GTRKPVSETV
KETVCPRTIQ QPAEQCDFKE KGRVKQCVGT VTLDPSNDQF DLNCNELQSV ILPWKWPWWP WRRG

MMAGRRSWPA MATVLLALLV CLGELVDSKP QPSDEKASPD KHHRFSLSRY AKLANRLANP KLLETFLSKW IGDRGNRSVK
MRLHHLLLAL LFLVLSAWSG FTQGVGNPVS CVRNKGICVP IRCPGSMKQI GTCVGRAVKC CRKK

METQRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQFNERSS EANLYRLLEL DPPPKEDDEN PNIPKPVSFR
VKETVCPRTS QQPAEQCDFK ENGLVKQCVG TVTLDAVKGK INVTCEELQS VGREKRFRKK FKKLFKKLSP VIPLLHLG
METQRASLSL GRWSLWLLLL GLALPSASAQ ALSYREAVLR AVDQLNEKSS EANLYRLLEL DPPPKEDDEN PNIPKPVSFR
VKETVCPRTS QQSPEQCDFK ENGLLKECVG TVTLDQVGSN FDITCAVPQS VGGLRSLGRK ILRAWKKYGP ITVPIIRIG
METQRASFSL GRSSLWLLLL GLVVPSASAQ DLSYREAVLR AVDQFNERSS EANLYRLLEL DPPPEQDVEH PGARKPVSFT
VKETVCPRTT PQPPEQCDFK ENGLVKQCVG TVTRYWIRGD FDITCNNIQS AGLFRRLRDS IRRGQQOKILE KARRIGERIK DIFRG

MRLHHLLLAL LFLVLSAGSG FTQGVRNSQS CRRNKGICVP IRCPGSMRQI GTCLGAQVKC CRRK

AAEFPDFYDSEEQMGPHQEAEDEKDRADQRVLTEEEKKELENLAAMDLELQKIAEKFSQR

MARFLGLCTW LLALGPGLLA TVRAECSQDC ATCSYRLARP TDLNPLACTL ECEGKLPSLK TWETCKELLQ LTKLELPPDA
TSALSKQEES HLLAKKYGGF MKRYGGFMKK MDELYPLEVE EEANGGEVLG KRYGGFMKKD AEEDDGLGNS SNLLKELLGA
GDQREGSLHQ EGSDAEDVSK RYGGFMRGLK RSPHLEDETK ELOKRYGGFM RRVGRPEWWM DYQKRYGGFL KRFAEPLPSE
EEGESYSKEV PEMEKRYGGF MRF

NPVSCVRNKGICVPIRCPGNMKQIGTCVGRAVKCCRKK

MQPAALLGLL GATVVAAVSS MPVDIRNHNE EVVTHCIIEV LSNALLKSSA PPITPECRQV LKKNGKELKN EEKSENENTR
FEVRLLRDPA DTSEAPGLSS REDSGEGDAQ VPTVADTESG GHSRERAGEP PGSQVAKEAK TRYSKSEGON REEEMVKYQK
RERGEVGSEE RLSEGPGKAQ TAFLNQRNQT PAKKEELVSR YDTQSARGLE KSHSRERSSQ ESGEETKSQE NWPQELQRHP
EGQEAPGESE EDASPEVDKR HSRPRHHHGR SRPDRSSQEG NPPLEEESHV GTGNSDEEKA RHPAHFRALE EGAEYGEEVR
RHSAAQAPGD LQGARFGGRG RGEHQALRRP SEESLEQENK RHGLSPDLNM AQGYSEESEE ERGPAPGPSY RARGGEAAAY
STLGQTDEKR FLGETHHRVQ ESQRDKARRR LPGELRNYLD YGEEKGEEAA RGKWQPQGDP RDADENREEA RLRGKQYAPH
HITEKRLGEL LNPFYDPSQW KSSRFERKDP MDDSFLEGEE ENGLTLNEKN FFPEYNYDWW EKKPFEEDVN WGYEKRNPVP
KLDLKRQYDR VAELDQLLHY RKKSAEFPDF YDSEEQMSPQ HTAENEEEKA GOGVLTEEEE KELENLAAMD LELOKIAEKF SGTRRG
MRSAAVLALL LCAGQVIALP VNSPMNKGDT EVMKCIVEVI SDTLSKPSPM PVSKECFETL RGDERILSIL RHQNLLKELQ
DLALQGAKER THQQKKHSSY EDELSEVLEK PNDQAEPKEV TEEVSSKDAA EKRDDFKEVE KSDEDSDGDR PQASPGLGPG
PKVEEDNQAP GEEEEAPSNA HPLASLPSPK YPGPQAKEDS EGPSQGPASR EKGLSAEQGR QTEREEEEEK WEEAEAREKA
VPEEESPPTA AFKPPPSLGN KETQRAAPGW PEDGAGKMGA EEAKPPEGKG EWAHSRQEEE EMARAPQVLF RGGKSGEPEQ
EEQLSKEWED AKRWSKMDQL AKELTAEKRL EGEEEEEEDP DRSMRLSFRA RGYGFRGPGL QLRRGWRPNS REDSVEAGLP
LOVRGYPEEK KEEEGSANRR PEDQELESLS AIEAELEKVA HOLEELRRG

MRSAAVLALL LCAGQVIALP VNSPMNKGDT EVMKCIVEVI SDTLSKPSPM PVSKECFETL RGDERILSIL RHQNLLKELQ
DLALQGAKER THQQKKHSSY EDELSEVLEK PNDQAEPKEV TEEVSSKDAA EKRDDFKEVE KSDEDSDGDR PQASPGLGPG
PKVEEDNQAP GEEEEAPSNA HPLASLPSPK YPGPQAKEDS EGPSQGPASR EKGLSAEQGR QTEREEEEEK WEEAEAREKA
VPEEESPPTA AFKPPPSLGN KETQRAAPGW PEDGAGKMGA EEAKPPEGKG EWAHSRQEEE EMARAPQVLF RGGKSGEPEQ
EEQLSKEWED AKRWSKMDQL AKELTAEKRL EGEEEEEEDP DRSMRLSFRA RGYGFRGPGL QLRRGWRPNS REDSVEAGLP
LOVRGYPEEK KEEEGSANRR PEDQELESLS AIEAELEKVA HOLEELRRG

MKMSRLCLSV ALLVLLGTLA ASTPGCDTSN QAKAQRPDFC LEPPYTGPCK ARIIRYFYNA KAGLCQTEVY GGCRAKRNNF
KSAEDCMRTC GGAIGPWENL

MKFFIFTCLLAVALAKNTMEHVSSSEESIISQETYKQEKNMAINPSKENLCSTFCKEVVRNANEEEYSIGSSSEESAEVATEEVKITV
DDKHYQKALNEINQFYQKFPQYLQYLYQGPIVLNPWDQVKRNAVPITPTLNREQLSTSEENSKKTVDMESTEVFTKKTKLTEEEK
NRLNFLKKISORYQKFALPQYLKTVYQHQKAMKPWIQPKTKVIPYVRYL

AGRGKQGGKV RAKAKTRSSR AGLQFPVGRV HRLLRKGNY

MPEPSKSAPA PKKGSKKAVT KAQKKDGKKR KRSRKESYSV YVYKVLKQVH PDTGISSKAM GNMNSEVNDI FERIAGEASR
LAHYNKRSTI TSREIQTAVR LLLPGELAKH AVSEGTKAVT KYTSSK

MARTKQTARK STGGKAPRKQ LATKAARKSA PATGGVKKPH RYRPGTVALR EIRRYQKSTE LLIRKLPFQR LVREIAQDFK
TDLRFQSSAV MALQEACEAY LVGLFEDTNL CAIHAKRVTI MPKDIQLARR IRGERA
MSGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLKIFLENVIRDAVTYTEHARRKTVTAMD
VVYALKRQGRTLYGEGG
MVLSAADKGNVKAAWGKVGGHAAEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGAKVAAALTKAVEHLDDLPGALSE
LSDLHAHKLRVDPVNFKLLSHSLLVTLASHLPSDFTPAVHASLDKFLANVSTVLTSKYR
MKVLILACLVALALARELEELNVPGEIVESLSSSEESITRINKKIEKFQSEEQQQTEDELQDKIHPFAQTQSLVYPFPGPIPNSLPQNI
PPLTQTPVVVPPFLQPEVMGVSKVKEAMAPKHKEMPFPKYPVEPETESQSLTLTDVENLHLPLPLLOSWMHQPHQPLPPTVMEP
PQSVLSLSQSKVLPVPQKAVPYPQRDMPIQAFLLYQEPVLGPVRGPEPIIV
METQRASLSLGRCSLWLLLLGLVLPSASAQALSYREAVLRAVDQFNERSSEANLYRLLELDPTPNDDLDPGTRKPVSFRVKETDCPRT
SQQPLEQCDFKENGLVKQCVGTVTLDPSNDQFDINCNELQSVRERPPIRRPPIRPPFYPPFRPPIRPPIFPPIRPPERPPLGPFPGRR
MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKASEDLKKHGNTVLTALGGILKKKGHH
EAEVKHLAESHANKHKIPVKYLEFISDAITHVLHAKHPSDFGADAQAAMSKALELFRNDMAAQYKVLGFHG

IIpumeuanue: skelTbIM U 3eJIeHbIM OTMeUeHbI 3pesible aHTMMMUKPOOHbIe IeNTHUAbI, KPaCHbIM — CaiiThl JeficTBUsI hepMeHTa.
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Zelicmeue mpuncuxa Ha hpenponenmudHsie npeduiecmeeHHuku AMIT

B rpynme AMII Sus scrofa mon Ha3BaHMEM IMPOTETPUHBI, KOTOPbIe
copepskat Bcero ot 16 1o 18 aMMHOKMC/IOTHBIX OCTAaTKOB, ONpeJessi-
JIOCh 10 5 CaiiTOB pacllerieHus] BHYTPU 3PeJIoil MOoC/Ief0BaTeIbHO-
CTH, B TO BpeMst Kak B [Ipodennne-1 u IIpodennne-2, comepskammx 78
un 79 AK-0CTaTKOB COOTBETCTBEHHO, OBIIIO BBISIBJIEHO 110 6 CaiiTOB pac-
meruienus. I'pynna AMII nox HasBannem PMAP Taxke xapakTtepuso-
BaJIaCh HaJIMYMeM GOJIBIIOTO KOJIMYECTBA CAliTOB paclleruieHus — OT 6
(8 PMAP-23) no 13 (8 PMAP-36), uTO B CJlyuae peajbHOT0 BO3EICT-
BMSI TPUIICMHOM IPUBEJIO GbI K CMJIBHOMY CHMKEHMIO GMOIOrMYeCcKOit
akTMBHOCTK mentupa [21]. B uccnegosanun Ebbensgaard u gp. 6bu10
oKa3aHo, YTo B3ammogeiicTBue Takux AMII, kak Cap 18, LlekponuH
P1, Hexponuu B, MenutTux u UHZOAULUIANH, C TPUTICMUHOM NPUBOAUT
K TIOJTHOJ TTOTepe X aHTUMMUKPOOHOI aKTUBHOCTH y3Kke uepe3 30 ceKyH,
mHKybauum [21]. BeposiTHOCTb BHYTPEHHErO paclieIuieHMs] MenTuaa
3aBUCUT B GOJIbIIEN cTelleHu He oT pasmepa AMII, a oT ero cTpoeHmsi.
Hamnbosnbiiiee KOIMYECTBO CAliTOB pACIIEIIEHUsT CPey 3pesiblX aHTU-
MUKPOOHBIX COeMHeHMUI Sus scrofa 6bI0 BBISIBIEHO B CBMHOM JIM30-
uyume — 20 eMHNUIIL, B TO BpeMsI KaK HayMeHbIllee — B aHTUMUKPOGHOM
nentuzae SP-B (1 caifT pacuiernieHus).

PaccmaTpuBast pe3ynbTaTbl OIpefielieHyMs CaliTOB paclleIieHNs
B mpepiiectBeHHUKax AMII Bos taurus, MOXXHO aHaJOTUYHO pe3y/ibTa-
TaM aHanau3sa Sus scrofa OTMETUTD GOJIbIIOe COMePsKaHMe NaHHBIX CaiiTOB
B 3pesbIX MocienoBaTeabHOCTIX AMII. CTOUT OTMETUTh, YTO OPTaHU3M
Bos taurus xapakTepusyeTcst IPUCYTCTBMEM O0JbIOi Ipymbl AMII o,
Ha3BaHMeM OeTra-medeH3MHbI, B 3peJbIX MOCIeA0BATENbHOCTSIX KOTO-
PBIX BBISIBJIEHO 10 9 caiiToB paciuierieHus (B bera-gedensuHax 2, 3 u 6).
Iauusie AMII comepskat B cebe ot 38 mo 42 AK-ocraTkoB. i3BecTHO, 4TO
6era-medeH3MHbl KOHCTUTYTUBHO 3KCIIPECCUPYIOTCSI B MOJIOYHBIX 3Ke-
Jie3ax KPYIMHOTO POTaTOro CKOTA M MPOSIBJISIIOT GAKTEPULIMIHYIO aKTUB-
HOCTb B OTHOLIIEHMM ILIMPOKOTO CIIeKTPa MaTOreHoB, BKItouas Escherichia
coli nt Staphylococcus aureus [22]. B rpynine BMAP, cogepskamux ot 27 1o
34 AK-ocraTkoB, 610 BbIsiBIEHO OT 7 (BMAP-28) no 11 (BMAP-34) caii-
TOB pacllelyieHNs] BHYTPU 3PeJbIX Moc/efoBaTenbHocTeil. Hanbosnbiee
KOJIMYECTBO CAaiTOB paciuerienus cpeayt AMII Bos taurus 6b110 06HapY-
>KeHO B I'PyTINe IMCTOHOB — OT 24 (y I'mctona H4) mo 29 enquuunt (y I'mcro-
Ha H3), B TO Bpems Kak HauMeHbllee — B Takux AMII, Kak P3 1 TOBSIKMIL
6era-kaseuH. Y MOCTeHUX CAMT paciueryieHust 6bLT BCEro ogyH 1 1mbo
He BAMsUT Ha yMmeHblieHne AK-tiociemoBaTenbHocT AMII, 6o mmen
He3HauuTelbHOe BiausHMe. bera-kaseuH u P3 HaxopsaTcs He B C-KOHLe-
BOJ1 UaCTM OC/IelOBATEIbHOCTH MPENPONENTUIHOIO MTpeIeCTBeHHIKA,
TaKkuM 06pa3oMm, Iocie BO3JeiCTBYSI TPUTICMHOM JaHHbIE ITEeNTUIbI, BO3-
MOXKHO, ellle GYIyT «IIPUIIUTBI» K YaCTU MOCIe0BATENbHOCTU TIPeIie-
CTBEHHMKa, He 06/1aJao1eif aKTMBHOCTBIO.

B 1jesiom, pe3ynbTaThl oNpeneneHMs CaiiTOB paclielyieHus sl TPUII-
cuHa B mpepmectBeHHMKax AMIT opranmsmoB Sus scrofa n Bos taurus
(Tabnmuma 1) moxasanu, YyTO AOBOJIBLHO GOJBIIOE COEp)KaHVe aprMHUHA
(R) m musuna (K) B AMII 1 ux mpefiiecTBeHHMKAX MPUBOAUT K 06paso-
BaHMIO YPE3MEPHOT0 MHOXeCTBa ()parMeHTOB, PACIIEIUISS B TOM 4MCIIe
3penylo MenTUIHYI0 [10CeI0BaTeIbHOCTh. Tak, MPOLleHTHOe CofepsKaHue
AK-ocratkoB apruausa (R) u msuna (K) B 3penbix AMII Sus scrofa cocras-
nset 12,92% u 6,46% COOTBETCTBEHHO, a cofepskaHue 3Tux ke AK-ocrat-
KOB B 3penbix AMII Bos taurus cocrasinseT 13,48% u 7,79% cOOTBETCTBEH-
HO. JTO He SBJISIeTCS CYIIeCTBEHHbIM OT/IMUMEM U ITOKa3bIBaeT IPYMEPHO
OIIMHAKOBYIO 3G (dEeKTUBHOCTh BO3JENCTBMS TPUIICKHA HA pacliervieHue
AMII jaHHBIX OPraHM3MOB. YUUTHIBASI TAKKE TOT (aKT, YTO TPUIICKUH TTIPO-
SIBJIsIET GOJIBLIYIO aKTMBHOCTD Ha C-KOHILIEBO# cTOpOHe 6enka [18], a Takke
TO, YTO GOBIIMHCTBO 3pesibix AMII cocpeioToueHbl UMEHHO B 3TOIT 00/1a-
CTW, MOKHO CJIeJIaTh BbIBOJ,: TPUIICKH He SBJISIeTCS IOAXOASIIMM 9H3MIMOM
1151 u3BnedeHyst AMIT 13 ux npenponenTyIHbIX IPeLIIeCTBeHHUKOB.

Leticmeue anacmassl Ha npenponenmuoHsle npedwiecmeeHHuku AMIT

HeiiTpodmiabHast 3/acTasa OTHOCUTCS K TPYIIE CEPUHOBBIX ITPOTEa3
U OCYILECTBJISIET IMAPON3 IPEVMYIIEeCTBEHHO MO cBsI3sIM BanuHa (Val
(V) -|- Xaa) u anaunna (Ala (A)-|-Xaa) (PucyHOK 2) [23,24].

B rpyrmme mpoTerpuMHOB, Te BHYTPM 3peNbIX MOCIefoBaTeTbHOCTeN
6bUIO HAEHO [0 TISITM CAiiTOB PaCIIeIUIEHNSI PV BO3AEICTBUM TPUIICH-
Ha, TPY BIMSTHMUM 3J1aCTa3bl 00HAPYKMBAIOCh MaKCMMYM TPM caiiTa paciiie-
mieHust. ONMH U3 CaliTOB paclleryieHM sl HaXOAWICS B Hauane N-KOHIeBO
YacTy 3pPEJIoro IMenTua, 06ecrieunBast ero BbICBOOOKIEHME U3 TIPEIIecT-
BeHHMKa. [Ipyrue caiiTel pacronaraauch B C-KOHIEBOII YacTy, paciierie-
HM€ TI0 HUM IIPUBOAWIIO K YKOPAUMBaHMUIO MEINTHUA, YTO MOXKET BIMSITh Ha
ero akTMBHOCTb. KpoMe TOTro, pe3yabTaThl MOKa3aau, uto Takme AMII Sus
scrofa, kak PMAP-37, PR-39, [Ipocdennn-1 u PR-35, 6ymyT Takske BbICBO6O-
SKOAThCS TI0J], BO3/EICTBMEM 3/1aCTa3bl C MMHMMAIbHBIM M3MeHeHeM UX
CTPYKTYPbI, HECMOTPSI Ha TO, YTO KOJIMUYECTBO CATOB pacCIIeryIeHus] B UX
NpefiecTBeHHMKaxX gocturano 21 (B npenimecrseHHuke [IpodeHnHa-1).

CaiiT pacLyenneHus
AN anacTasbl

Cy6cTpaTt 1
i
i
i

Banus (V) unu ;
Ananux (A)

Xaa
!
!

9nacTasa

PucyHok 2. IlpegnmouTuTeIbHbIN CaiT pacuiernjieHus
JIJISI 3J1aCTa3bl
Figure 2. Preferred cleavage site for elastase

Ilpumeuanue: caiiTel y3HaBaHMs cybeTpaTa IPOHYMEPOBaHbI S-S B Harpasiie-
Huy N-konua cyberparta u S-S’ B HampabjieHun C-KOHIa. AMMHOKNCIOTHbIE
OCTaTKM Cy6CTpaTa MPOHYMePOBaHbI P -P uP’-P’coorBercTBenHo. Hymepanys
HayMHaeTCs C pa3pe3aeMoii CBI3M.

Note: The substrate binding sites downstream of the cleavage site are numbered S-S towards
the N-terminus of the substrate and S,-S * towards the C-terminus. The substrate residues are
numbered P -P_and P -P ’respectively. The numbering starts at the scissile bond.

Cpenu AMII Bos taurus Takske GbLITM BbISIBIIEHBI MTEMTHUIbI, 00/1aa-
Iol[ie BBICOKMM IIOTEHLMAIOM M3BJI€UeHUs] C MOMOIIbIO 3/1acTa3bl —
BakreneuuH-5, bakreHenuu-7 u Uuponuuuaud. [pynna nedeH3nHOB
xapakrepusoBaach Hannuuem ot 2 (Bera-gedensunst 1,2,8 u 11) no 4
(Beta-meden3uHsbI 4 1 5) caliTOB paclleIvieHus] BHYTPU 3pesioit mocie-
IOBaTEJIbHOCTY, OMIHAKO OHM ObUINM PACIIONOKEHbI OJIVKE K ee IeHTPY,
4TO MOXKeT MPUBOAUTH K CUJIbHOMY ykopauuBaHuio AMII u, kak cnef-
CTBUE, K CHIDKEHMIO MX aKTMBHOCTU. I'pynmna BMAP xapakrepusoBa-
Jlachb HAIMYMeM OJHOTO caiiTa paclielyieHus B Hauaje 3pesioii mocie-
OBATeNbHOCTM IeNTHAA, OLHAKO MOCIeAYIoLMe CaiiThl YKOpauuBaan
ee ¢ C-KOHII€BOJ CTOPOHBI. AHAJIOTMYHOE BJMSHME 3jIacTa3a MOKeT
OKasbIBaTh Ha IpeAlIecTBeHHMK nentuaa BSN-37: B HeM BbIsIBJIeHO 16
CaiiTOB pacierieHus, MOCAeAHUI U3 KOTOPbIX «pa3pe3aeT» Mpernpo-
MeNnTUAHYI0 MOJIEKYJIy B MeCTe Havaaa 3pesioii MOCaef0BaTelbHOCTU
aHTMMMKPOOGHOTO enTuaa. Tem He MeHee, Kak U AMII rpymmsl BMAP,
MenTH He BbICBOGOKIAJICS MMOMHOCTDIO, OYAYUM «CIIUTBIM» C BOCEMbIO
aMMHOKMCIOTHBIMM OCTAaTKAMM TIPEIIeCTBEHHMKA, YTO CITIOCOGHO CHM-
3UTbh aKTUBHOCTb BSN-37.

CpeziHee OTHOCHTENIbHOE COMlepIKaHMe BaavHa U alaHuHa 6blIo He-
CKOJIBKO HIMKE B 3PEJIbIX aHTMMMUKPOOHBIX TOCIEI0BATENbHOCTIX SUS
Scrofa v Bos taurus, 10 CDaBHEHMUIO C COZlepyKaHMeM apTMHMHA U TU3MHA.
Taxk, nyiss AMII Sus scrofa mpoLieHTHOe Coflep>KaHue BaJIMHA M aJlaHMHA
coctaBisiio 5,11% u 3,36% cooTBeTCTBEeHHO, a ayist AMII Bos taurus —
5,51% u 4,6%. ITO COOTHOILIEHME BINUSIZIO U Ha pacIipefieieHne CaiiToB
paciieruieHust anacrasbl B 3penbix AMIT Sus scrofa u Bos taurus — ux
KOJIMYECTBO GBUIO B 1[€IOM MEHbBIIMM, YeM B C/Tyyae ¢ TPUIICMHOM. Bo3-
MOYKHOCTM 3J1acTasbl Ijis akTuBaiuu AMII yske 6bUTM ITPOJEMOHCTPMU-
pPOBaHbI KOJUIEKTMBOM MTANbSHCKUX YUYeHbIX B 2022 romy: MMM ObLIO
pa3paboTaHO IMPOJIEKAPCTBO, YIJIMHSIONIEe aHTUMMUKPOOHBIN MEenTus,
D-BMAP18 orpunaTenbHO 3apsbKeHHONM MHaKTUBUPYIOILEH Mociaeno-
BaTEJIbHOCTBIO, COMlEePsKalIeif CaliT pacilerieHust HeiTpoduabHOI dJ1a-
crasoit [25]. KoHeuyHast Lenb 3aKk/iovagach B TOM, YTOObI 06eCIeuynThb
aktyBauyio D-BMAPI18 sHmoreHHON 571acTasoii TONbKO B MeCTe MH-
exunu/Bocnanenus, obecrneunBas MeJJIeHHOE U lieJieHaNpaBIeHHOe
BBICBOOOXKIEHME (hapMaKoIOrMUecku aKTUBHOTO renTtuia. [Iponexap-
CTBO 00/1a1aJ/I0 MMHMMAaJIbHOM aKTUBHOCTHIO B OTCYTCTBUE 3/1aCTa3bl,
a MPOJYKT €ro MpoTeos3a COXPaHsl 3HAUMTETbHYI0 aHTUMUKPOOHYIO
aKTUBHOCTb, HO MEHBIIYIO LIUTOTOKCUYHOCTh. TaKMM 06pa3oMm, MOTeH-
Lyaa IpMMeHeHus 37acTasbl s u3BiaedeHust AMII u3 npenponentusi-
HbIX MPEeAIIeCTBeHHVKOB OPraHM3MOB Sus scrofa v Bos taurus siBisieTcst
IOCTaTOYHO BBICOKUM.

elicmeue KoaiazeHaswsl Ha npenponenmuoHsle npedwiecmeeHHuku AMIT

BakrepuanpHast KoytareHasa | Tuma npepacrasisieT co6oii mporea-
3y, PacCIleIUISIIONYI0 CBSI3b MEXy HeITpaabHOM aMMHOKUCIOTOM (Xaa)
U TTIMIIMHOM B TiocenoBaTenbHocTu Pro(P)-Xaa-|-Gly(G)-Pro(P) (Pucy-
HOK 3) [26,27].

JIump y 3-x npepuectBeHHMKOB AMII Sus scrofa 6putn 06HAPYKEHBI
CaiiThI pacIerIeHns 151 KojutareHasbl: IIpodennH-2, SP-B u SP-E, mpu-
yeM B npejiiecTBeHHuke [Ipodennna-2, conepskaniem 228 AK-ocraTkos,
KOJUIareHasa OTILIeIlisyia TOAbKo nocnenguue 9 C-koHueBbix AK-octaT-
Ka, OCTaBJISISL «[IPULIUTOV» OCHOBHYIO 4acTh AMII K N-KOH1I€BOJi 4acTu.
B mentugax SP-B u SP-E crnenuduyHbie mocieqoBaTeIbHOCTA 0OHAPY-
SKMBAJIUCh Yallle, OMHAKO OHM HAXOAW/IVCD TIOCepeHe aHTUMUKPOGHO
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Cy6eTtpat | CaiT pacluennerus
i AnNA KonnareHasbl
MponuH : Tnuyme Mponuk
(P)  Xaa ; (6) P)

KonnareHasa

PucyHok 3. IIpegnouyturebHas I0CaeL0BaTeIbHOCTh
1S paciiernieHus: KoJulareHa3oum
Figure 3. Preferred cleavage site for collagenase

Ilpumeuanue: caiiThl y3HaBaHMs cybcTpaTa IPOHYMepOBaHbI S-S B Harpapiie-
Huy N-KoHLa cy6cTpara u S-S’ B HanpaBieHuyu C-KOHIIA. AMUHOKMCIOTHbIE
ocTaTku cybcrpaTa mpoHymepoBanbl P -P u P ’-P * cootBeTcTBeHHO. Hymepanus
Ha4MHAeTCsI C pa3pe3aeMoii CBSI3U.

Note: The substrate binding sites downstream of the cleavage site are numbered S-S towards
the N-terminus of the substrate and S-S ’ towards the C-terminus. The substrate residues are
numbered P -P_and P -P ’respectively. The numbering starts at the scissile bond.

MOoC/Ie0BaTeIbHOCTY 3pesioro nenTtuza. [Ipu Bo3aeiicTBUM KojuiareHasbl
Ha JaHHble AMIT X IOC/Ie[0BaTeNbHOCTD YKOPAaYMBaiach 6bl BABOE, UYTO
3HAUMUTENbHO CHMKAO ObI MX aKTUBHOCTb [28].

Cpenu mpemiiectBeHHUKOB AMII Bos taurus HaGIIOOANINCh CXOXKMEe
Ppe3y/IbTaThl: CAiThI pacilerieHns 6pU11 06HAPYKEHBI TOJIBKO B TIPelIe-
cTBeHHMKax bakreHenyHa-5 u BSN-37. [Ipu aTOM, Kak 1 B cry4ae ¢ rpefi-
niecTBeHHUKOM IIpodeHnHa-2, BO3eiicTBMe KOJIareHa30i Mo3BOIMIO
OBl OTIIEIUTD TOJILKO HeCKOJIbKO AK-ocTaTKoB B C-KOHIIEBOI YacTu TIpe-
MPOTIENTUAHOIO MpeiiecTBeHHnKa bakTeHernua-5 1 BSN-37.

B cBsa3u co crneunduyHOCTbIO HEOOXOAMMON MOCIENOBATETBHOCTU
cybeTpaTta, pesysbTaThl ONpeesieHus CaiiTOB paciiervieHns st Koja-
reHasbl He I10Ka3ajay 3HAUMMOIO pe3y/lbTaTa, HECMOTPSI Ha JIOBOJIBHO
BBICOKOE COZIep’KaHMe MPOoJMHA U [MIULMHA B 3pe/bIX IOCIeL0BaTelbHO-
ctax AMII kak Sus scrofa, Tak u Bos taurus. Tak, comepkanue AK-ocrat-
KOB mponivHa U mnnyHa B AMII Sus scrofa B cpegHem coctasiisiio 22,47%
1 9,15% cooTBeTCTBEHHO, a B AMII Bos taurus — 9,67% u 8,81%.

PaHee 6bLIO MMOKAa3aHO, UTO BC/IEICTBME OCOOEHHOCTEN CTPOEHMS
60bIIMHCTBO AMIT MIEKOTIUTAIOMIMX MMEIOT M303JIEKTPUUECKYIO TOUKY
(p]) B menouHom auamnasoHe pH [7,29], B cBSI3M C UeM HeEKOTOpbIe yue-
Hble PEKOMEHAYIOT MPUMEHSITh CTAGOKUCTOTHYI0 SKCTPAKIMIO AJIST UX
acddekruBHOrO M3BNeYeHus [30,31]. st manpHeiiei ke SH3MMaTHYe-
CKOJ1 06pabOTKM KCTPAKTA C 11e/IbI0 BHICBOOOKAEHMS 1 akTvBatyy AMIT
HeO6XO,III/IMO YUUTBIBATH ONITUMYM HeﬁCTBMﬂ pH KOHKPETHOT'O 3H3MMa.
Tax, 17151 TPOTEONUTUUECKOTO JeiCTBYUS TPUTICMHA AMana30H ONTUMab-
HbIX 3HaueHmi pH cocrasiser 7,0-8,0 [32], nst kosnareHassl — ot 6,0 1o
7,0 [33], nnst anacrassl — okoio 7,0 [34]. Takum o6pa3om, Ipu UCIIOb-
30BaHMM CJIAGOKUCIIBIX IKCTPAreHTOB B JajbHeiilieM Heo6Xomumo 6y-
JIeT HeMTPaaM30BaTh MOTyUYeHHbIe YKCTPAKTHI 1151 60see 3 deKTUBHOTO
BO3JEIMCTBMSI pacCMaTpuBaeMbIX 3H3MMOB. ComIacHO JaHHBIM Ta6uiy
1,2 1 3, a Takke yUMUThIBAsI 0COGEHHOCTHM ITPOTEOTUTUUECKOTO IeACTBUSI
9H3MMOB TIPM PA3INYHBIX 3HAUEeHMsIX pH, MOXHO pacrnpenennTb ¢ep-

MEHTbl OT ME€Hee MpPeANOUYTUTETbHOTO K 0oJsiee MpenrnouTUTEeTbHOMY
1T BhICBOOOKIeHMs: AMIT 13 Tpe[lieCTBEHHUKOB B OpraHmsMax Sus
scrofa v Bos taurus crepyoomumM o6pa3oM: 6akTepuanbHas KolaareHasa
(tum 1) € TpuncuH < HeiTpoduIbHAS dMacTasa.

B 3m0Xy nprMeHeHus: COBPeMEHHBIX 6MOMHBOPMATUUECKUX UHCTPY-
MEHTOB QJITOPUTM IPOTHO3UPOBAHUS NENCTBUSI SH3UMOB ISl U3BIIe-
yenyust AMII u3 pas3jIMuHBIX TUIIOB CbIPbSI MOXKET OTIMYATHCS OT Ipef -
CTaBJIEHHOTO B JAHHOM MCC/IeJOBAaHMM, TaK KaK Ha CETONHSIIHUIA AeHb
CYIIeCTBYIOT COBpeMeHHbIe OHJIaliH-pecypchl, MO3BOSIIONINeE, K IIpUMe-
DY, YUMUTBIBATb HIOAHCHI TPOCTPAHCTBEHHOTO PACIIONIOKEHMSI OeIKOB, 3Ke-
JIaeMYI0 BEPOSITHOCTD UX paciierieHus u T. 1. OMHMUM U3 TaKUX PeCypcoB
spisiercst PeptideCutter (https://web.expasy.org/peptide_cutter/) [35] Ha
6ase Expasy — 6muonHbopmaTiueckoro mopraia IlIBeitiapckoro MHCTH-
tyTta 6uonHpopmaTuky. C momouipio PeptideCutter MOKHO mpecKka3aTh
MOTeHI[MabHble CaiThl paciiervienuss B AK-mocienoBaTenbHOCT IJist
HEeKOTOpPBIX NpoTeas (kacnaspl 1-10, nencuH, Tpuncul, Arg-C nporen-
Ha3za, Asp-N sHponenTuaasa, Y9HTepOKNHA3a, HeNTPohMIbHAs dIacTasa,
MIPOIVH-HOTeNTUAAa3a) WIM XMMUIeCKUX BelnecTs. TeM He MeHee OH-
JIAiH-MHCTPYMEHTbI Ha CETOIHSIIHUI eHb MPeJoCTaBIsIIOT MHbOpMa-
LIMIO JINIIb O HEGOJBIIOM KOJIMUECTBE SH3MMOB, a TAKKe CYIIeCTBYIOT OT-
paHUuYeHNs B TOCTYIe K HEKOTOPbIM 13 HUX. TakuM 06pa3oM, «pydHOii»
6uonH(pOpMaTHUECKMIT aHAIN3 BCe ellle aKTyasjeH 1 BOCTpeboBaH, a Tak-
5Ke JIeMOHCTPUPYET CBOIO IPUMEHMMOCTb B MPOBELEHUN NEPBUYHOTO
CKPMHMHTA MTOTeHIMaa CbIpbsl U B IIpoljecce onpeeneHns MOAXOAAMINX
9H3VMOB JIJI51 M3BJI€UE€HNMST aHTUMMUKPOOHBIX COEMHEHNI 3 OPraHN3MOB
Sus scrofa v Bos taurus.

4. BbIBOJBI

AHTVMMKPOGHBIE COENVMHEHMS KMBOTHOTO MPOUCXOKAEHUS, B 4aCT-
HoCcTU AMII, SIBJSIIOTCSL aKTYaJIbHBIMM OGBEKTaMM MCCIEAOBAHUI YKe
JIOJITO€e BPeMsl, M MOTYT CTaTh XOPOIIleif albTepHAaTUBOI aHTUMMUKPOOHBIM
IperapaTam aHTMOMOTMYECKOH Npuponsl. TeM He MeHee J3BJIeUeHVe
aHporeHHbIx AMII siBsieTcsl 3aTPYAHMUTENbHBIM IIPOIIECCOM U TpebyeT
MpYMeHeHMsI IPUHIMIIOB HalpaBIeHHOI SH3MMaTUYeCKOi 06paboTKM
Ha OCHOBAaHMM 3HAHUII O CTPOEHUM MPeILIeCTBEHHUKOB JaHHbIX COeIM-
HeHwmit. ITo uToram normcka aHTUMMKPOOHBIX COeVHEeHMI B 6a3e JaHHbIX
The Antimicrobial Peptide Database 6b110 BbISIB/IEHO 18 aHTMMMUKPOOHBIX
nenTunoB Sus scrofa v 40 aHTUMMKPOOHBIX TeNTUA0B Bos taurus. Cornac-
HO pe3y/bTaTaM OIpezeseHMs] CaliTOB paclleryieHusl B IPerporenTu-
HBIX IpejiecTBeHHMKax AMII /1 TPUIICHHA, 371aCTa3bl U KOJIIareHassl,
9H3MMBI GBUIM pacIpenesieHbl OT MeHee IPEIIIOYTUTENbHOrO K Golee
MpeJIoYTUTENbHOMY ISl BBICBOGOKIeHVsT AMII cienyonym 06pa3om:
6GakTepuasbHasl KojulareHasa (Tui I) < TpurcuH < HeiiTpoduabHast 37a-
cra3sa. Takoii MopsiIOK 060CHOBAH HE TOJBKO KOJIMYECTBOM MOAXOASIINX
CaiiTOB pacIleruIeHMs U X TOYHOCTBIO, HO U eficTBueM hepMeHTOB BHY-
Tpu 3penbix AMII: BaKHO yUMTBIBATh, UYTO SH3UMBI MOIYT «pa3pe3aTb»
camy HeNTHUbl, CHIKAs TeM CaMbIM MX aHTUMMUKPOOHYIO aKTUMBHOCTD.
Kpome Toro, 13BeCcTHO, YTO aKTMBHOCTb TPUIICKHA Bblllle ¢ C-KOHIa ITpe-
MPOTIeNTUAA, TAE U JIOKAIM30BaHO GOJBIIMHCTBO aHTUMMUKPOOHDIX TTeTI-
TUROB y Sus scrofa v Bos taurus. [IpoBefeHHbI 6MOMHbOPMATUUECKI
aHanmM3 nmokasan 3¢ eKTUBHOCTD KaK B IPOBEAEHUM ITEPBUYHOTO CKPU-
HMHTa [TOTeHLMaa ChIPbsl, TaK U MIPU ONpeeNeHNN MOIXOISIINX SH3U-
MOB JIJIS1 HAIIPaBJIeHHOTO V3BJIeYeHVSI aHTUMMKPOOGHBIX COeMHEeHMI 13
opraHmsMoB Sus scrofa v Bos taurus.
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CHEMICAL AND MICROBIOLOGICAL ASSESSMENT OF HOUSE-FILTERED
WATER PRODUCED BY HOUSEHOLD WATER FILTRATION SYSTEMS
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! Faculty of Agriculture, Cairo University, Giza, Egypt
? Faculty of Agriculture, Alexandria University, Alexandria, Egypt
5 College of Agriculture and Veterinary Medicine, Qassim University, Saudi Arabia

ABSTRACT

Chemical characteristics and microbiological quality of filtered water generated from municipal water using mono-, di- and
penta-stage (5-stage) filters, as well as disposed drain water were investigated. With the application of the household water
penta filters, the total dissolved solids (TDS) of the filtered water were highly reduced (0.04—0.07 g/L) and, consequently, electri-
cal conductivity also decreased. Furthermore, total hardness was completely removed (0-2 mg CaCO,/L), as well as the chloride
content. In the same manner, the nitrate content in the filtered water resulted from the household water penta filters decreased
significantly (0.5-0.9 mg/L). Cations, such as Na* and K%, in the filtered water were greatly affected and were 18-28 and 2 mg/L,
respectively. Filtered water generated from the house-water penta filters was not in compliance with the daily amounts of F,
Na and K necessary for teenagers and kids, and it might cause a risk of deficiencies. From the microbiological point of view, the
penta-stage filter effectively removed total bacterial counts and total coliforms from water making it completely safe for potable
and other domestic uses. The home water mono- and di- filters had low effectiveness of contaminant removal.
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XUMUUYECKAS U MUKPOBHOJIOTUYECKAS OLIEHKA
®UJIBTPOBAHHOI BOJBI, TOJYUEHHON C IIOMOIIbIO
TJOMAIIHUX CUCTEM ®UNBTPAIIVU BOJbI
Ammap A. C. M. 9ib-3unan M. T.23) Anb-Typku A. 1.3

! CestbCKOXO03s1/ICTBEHHBII GakyabTeT, Kaupckuit Yuusepcutet, T'usa, Erumner
2 CenbCKOXO3SIICTBEHHBIN (haKkynbTeT, AIeKCAaHAPUIICKMIT YHUBepCcUTeT, Anekcauapusi, Erumner
> Kommemk cebCKOTO X03511ICTBA ¥ BeTepUMHAPHOI MeauuuHbl, YHuBepcurteT Kaccum, CaygoBckast ApaBust

KJIFOYEBBIE CJIOBA: AHHOTALIUA
domawiHue punempsl  TloBeIEHO MCCIeNOBaHMe XMMUIECKMX XapaKTePUCTUK M MUKPOOMOIOTMUECKMUX [TOKasaTeneil (GuabTPOBAHHOI BOMbI, I0O-
600bl, PUIBMPOBAHHAS JTYUEHHOIT 13 MYHUIUIIATbHOI BOIBI C MCIIOIb30BAHMEM OIHO-, IBYX- U MSTH-CTaIUITHBIX (QUIBTPOB, a TAKKe yoaIsieMOoit
800a, xumuteckoe CTOYHOI Bonpbl. [Ipy MpUMMeHeHU JOMALIHUX ISTU-CTaJUNHBIX GUIBTPOB, 00lee KOIMYEeCTBO PACTBOPEHHBIX B BOJE Be-
u mukpoouonozuueckoe miects (TDS) B puiabTpoBaHHOI Bome 6bUT0 CymecTBeHHO cHiskeHo (0,04-0,07 1/7) 1, cliefoBaTenbHo, Takke 6bIa CHISKEHA
Kauecmeo, 3/1eKTPONPOBOAHOCTh. Kpome Toro, o61ast skecTkoCTh 6b1a MONMHOCThIO yaaneHa (0-2 mr CaCO,/n), Takke Kak 1 copepska-
6e38pedHoCMb 8000l HIe XJIOPUIOB. AHAJOTMYHBIM 06pa3oM, COJlep’KaHMe HUTPATOB B (UIBTPOBAHHOI BOJe, MOTYUYEHHO! OT AOMAIIHUX IIsi-
TU-CTAOUIHBIX GUIBTPOB BO/bI, 3HAUUTENBHO yMeHbIIOCh (0,5-0,9 mr/m). Bosbioe BansHMe ObUIO OKa3aHO Ha KATMOHbI
B GMIBTPOBAHHOI BoJe, TakMe Kak Na* u K*, KoTopble 6b11M Ha ypoBHe 18-28 u 2 Mr//1, COOTBETCTBEHHO. PWIbTPOBAHHAS
BOJIA, TIOMyYeHHasl OT JOMAaLIHUX TSI TU-CTaAUIHBIX (QYIIBTPOB BOJbI, HE COOTBETCTBOBAJIA CYyTOUHBIM KoinmdectBaMm F, Na n K|
He06XOAMMBIM ITOIPOCTKAM U JI€TSIM, UTO MOSKET IPeICTaBIsITh PUCK Aeduumta. C MUKPOOMOIOTMYECKOH TOUKY 3peHNs [10-
MalllHye MATU-CTaguiiHble GUIbTPbI BoAbl 3((}EKTUBHO yaausii oblye KomudecTBa 6akrepuii M obuye KonmubopMbl 13
BOJIbI, UTO JI/IaJI0 €€ IOJIHOCThI0 6e301acHO ISl IUThS U APYTOro JOMAIIHEro MCII0Nb30BaHus. [JoMallHe OfHO- U IBYX-
craauiiHbie GUIBTPBI BOIBI MMeIU HU3KYIO 3(()eKTUBHOCTD yameHnsI KOHTAMUHAHTOB.

OUHAHCHPOBAHUE: [lanHOe uccieqoBanme 6b110 (GMHAHCOBO MOAIEPKAaHO AEeKaHATOM HAayUHbIX McCaemoBanmii, YauBepcuteTt Kaccum, dnb-Ka-
cuM, Caymosckast Apasusi, rpanT No. SR-D-009-023.

BJIATOJIAPHOCTH: ABTOpBI BbIpaskaloT 6J1arofapHOCTh AeKaHaTy HayIHbIX McerenoBanmit, Yauuepeutet Kaccum, dimb-Kacum, CaymoBckast ApaBus,
3a QMHAHCOBYIO TOIEPIKKY.

1. Introduction

Water, the source of life, is one of the main fuels for economic and
social development. Water is subject to different pollution sources, i. e.,
domestic, industrial and agricultural wastes, and becomes contaminated
with pollutants beyond safe limits for use by humans. The point-of-use

FOR CITATION: Ammar, A. S. M., El-Zeiny, M. G., Al-Turki, A. L, (2024).
Chemical and microbiological assessment of house-filtered water produced by
household water filtration systems. Food Systems, 7(1), 137-143. https://doi.
org/10.21323/2618-9771-2024-7-1-137-143

(POU) and point-of-entry (POE) filtration systems are commonly used
to remove or at least reduce the contaminants to safe levels. US-EPA [1]
defined POU as a filtration system connected to one tap or more taps to
treat water for human purposes (drinking and cooking), while POE are
devices fixed to the main water line to treat all water for a single house,

Ol HUTUPOBAHUS: Ammap, A. C. M., dnb-3unn, M. I., Anb-Typku, A. U.
(2024). Xumuueckast 1 MUKPOOMOJIOTMUYecKast olieHKa GuIbTPOBAHHOM BObI, IO~
JIYYE€HHOJi C TIOMOIIBIO JOMALTHUX CUCTeM GMIbTpaLMu BOLbL. [Tuujessle cucmemsl,
7(1), 137-143. https://doi.org/10.21323/2618-9771-2024-7-1-137-143
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hospital, restaurant and commercial building. Therefore, POU drinking
water treatment is rising quickly due to the high risk of exposure to vari-
ous contaminants in drinking water [2]. Household water filtration sys-
tems have recently been used in many houses to enhance the potable
water quality [3]. Home water filters have become a new market that has
been discovered by manufacturers to improve drinking water quality and
remove contaminants from water [4]. Asia is expected to be the largest
market for POU devices in the coming decades, followed by the United
States and Canada, then by Europe [5]. The performance of POU activated
carbon block filters in removing Pb contents was tested by Bosscher et al.
[6]. They found that activated carbon filters were very effective in remov-
ing soluble Pb from tap water. It is reported that home water purification
systems significantly decreased the fluoride concentration in purified wa-
ter, which became as low as zero in some cases [7].

The main physicochemical characteristics affecting contaminant re-
moval from water using filtration systems can be summarized as follows
[8,9,10]: pore size, presence of surface charges (molecular charges and/
or membrane charges), particle size and surface area, adsorption affinity,
differences in concentrations (ionic strength), pressure, water tempera-
ture, water pH and osmotic pressure.

Household filtration systems have proved to separate a lot of pollut-
ants [11]. Due to its ability to absorb a variety of contaminants found in
water, activated carbon is a material that is frequently used in water fil-
tration systems [12,13]. Activated carbon is a multifunctional porous ad-
sorbent material (hydrophobic and lipophilic) and has a large surface area
and adsorption affinity where contaminants are attracted and attached to
the particle surface by Van der Waals forces and /or chemical adsorption.
There are two types of activated carbon: granulated activated carbon and
block activated carbon. Block carbon has smaller particles and smaller
pore size than granular activated carbon [10]. The mean particle size of
the commercial powdered activated carbon adsorbent ranges between 1
and 150 pm and surface area ranges from 736 to 2869 m?/g. Although
trace organic and inorganic pollutants are adsorbed to the pores and sur-
faces of the activated carbon [9], limited numbers of contaminants will
be eliminated. A reverse osmosis (RO) filter contains the semipermeable
membrane between two phases. lons and biomolecules can be separated
from water through the semipermeable membrane using higher external
pressure than the osmotic pressure; water is forced to move against the
osmosis phenomenon [10].

The general public is aware of the fact that drinking water safety and
quality remain to be a major public health concern [14]. Thus, household
water filtration systems are commonly used in rural and urban regions in
Saudi Arabia for ensuring water safety and quality. Although there are lo-
cal and international organizations (i. e. NSF International) that develop
public health standards for products, filters have no strict scientific evi-
dence for continuous use, effectiveness, positive health effects, and nega-
tive impacts. Also, all cations and anions, regardless of whether they are
beneficial or harmful, are removed from water treatment devices due to
the absence of a selective removal system [15]. Research on how domestic
house water filters affect the quality of water is currently lacking. There-
fore, the objectives of this study were to determine the physical (i. e., total
dissolved solids, electrical conductivity), chemical (i. e., total hardness,

v

Figure 1. House water mono, di and penta filters
used in the experiments
PucyHok 1. lomanrHue OgHO-, ABYX- M HNSATU-CTaAUITHbIe GUIbTPBI
IS BOABI, ICIIOIb30BaHHbIE B 9KCIIEPUMEHTax

chlorides, anions, cations) and microbiological (i. e., total count, total co-
liforms, fecal coliforms, mold and yeast) properties of filtered water ob-
tained from house water filters (mono-, di- and penta-filter systems) as
well as chemical and physical properties of drain water.

2. Materials and methods

2.1. Plan of the study

A model of a water purification system was designed at a pilot scale
to resemble a household system. Domestic household water purification
systems included mono (1 stage), di (2 stages) and penta (5 stages) filters
with the inlet connected to city tap water and the outlet connected to
500-liter capacity polypropylene tanks. Filters and tanks were purchased
from Buraidah, KSA local markets (Figure 1 and Figure 2).

2.2. Filter specifications
House water filters used in this study included:

a- Mono-filter containing one stage of high efficiency polypropylene
(pp) filter. A polypropylene filter is capable of filtering down to five
microns (i. e. silt, scales, sediments, coarse and fine sands),

b- Di-filter comprising of two-stages: the pp sediment filter and the sec-
ond-stage carbon block filter (reduces cloudiness, volatile organic car-
bons, Cl,, organics, off-odors and unusual tastes)
and

c— Penta-filtration system (5-stage filter) containing three pre-filters
(pp, carbon block and granular activated carbon filters) to remove
large contaminants and protect reverse osmosis (RO) membrane, the
RO-filter to remove contaminants, metals and salts, and in the last
stage, there is the fine granular activated carbon (GAC) filter to pro-
vide final polishing to the purified water.

All solvents and chemicals used in analysis were of analytical grade
and purchased from Sigma-Aldrich (Missouri, USA). Microbiological me-
dia (SPC, VRB-MUG and PDA) were bought from Biolife (Milan, Italy).

2.3. Sampling

Water samples were collected according to the WHO recommenda-
tions and the Standard Methods for the Examination of Water and Waste-
water as reported by APHA, AWWA and WPCF [16]. Filtered water samples
were collected in sterile two-liter glass bottles. All sample bottles were
kept refrigerated (4 °C) during transport to the lab inside an insulated ice
box. Microbiological samples were withdrawn under sterilized conditions
and the rest of the samples were kept for physical and chemical analyses.
Microbiological analyses were done at the same day of sampling, while
chemical analyses were performed within 24 h of sampling.

To simulate the practical uses in a household, samples were withdrawn
from water purification filters (mono, di and penta) immediately after fil-
tration (A-F) in a quantity of 100, 200, 300, 400 and 500 liters in sterile
bottles and kept under refrigeration (4 °C) until microbiological analysis
within 24 hrs. Control samples were withdrawn directly from tap water
without filtration. Duplicated samples were withdrawn as mentioned pre-
viously and refrigerated (4 °C/24 h) for chemical analyses. Samples were
taken from the drain line of the penta-filter (this line runs from the outlet
end of the RO membrane to the drain and is used to discharge contami-
nants and impurities found in the incoming water source).

il

Figure 2. House water penta filter used in the experiments
PucyHOK 2. loMauIHuii ISTU-CTagUiTHbIA GMIbTP, MCIIOIb30BaHHbIN
B 3KCIIEPUMEHTaxX
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2.4. Analysis
Chemical tests were carried out according to the Standard Methods for

the Examination of Water and Wastewater [16] as follows:

0O Total dissolved solids (TDS) and electrical conductivity (EC) were de-
termined using a conductivity/TDS meter (TDS meter, Model 76, Engi-
neered systems and Designs, USA).

0 Total hardness (Ca + Mg) was determined using titration with ethylene
diamine tetra acetic acid disodium (Na, EDTA) in the presence of erio-
chrome black T as an indicator.

O Chloride determination was done by titration with 0.0141 N silver ni-
trate in the presence of potassium chromate as an indicator.

O Nitrates were determined by a spectrophotometer (Jenway, USA) us-
ing NED dihydrochloride N-(1-naphthyl)-ethylenediamine dihydro-
chloride.

O Fluorides were determined colorimetrically by using the SPADNS
method (4,5 dihydroxy-3-(p-sulfophenylazo)-2,7-naphthalenedisul-
fonic acid trisodium salt).

O Sodium and potassium were determined using an atomic absorption
spectrophotometer (AAS) (Shimadzu 6800, Japan). Required standards
of Na and K were prepared daily by appropriate dilution of the stock
solution.

Microbiological analyses included total bacterial counts (filtration
method, ISO 6222:1999) [17] using the Aerobic Standard Plate Count
Agar medium and incubation at 37%1°C for 24h. The membrane filtra-
tion method was used to determine the total coliform group using the
VRB-MUG medium (incubation at 37+ 1 °C for 24h) and fecal coliform ac-
cording to ISO 9308-1 [18] using the VRB-MUG medium (incubation at
44+1°C for 24h), and yeast and mold counts [19] using the Potato Dex-
trose Agar medium and incubation at 25+1°C for 72 h.

2.5. Statistical analyses
Data were statistically analyzed using one-way analysis of variance,
ANOVA [20].

3. Results and discussion

In the present study, physical, chemical and microbiological charac-
teristics of the filtered water resulted from the household water filters
(either mono, di or penta filters) were determined to evaluate its suit-
ability for potable and industrial uses. Fresh filtered water should not
contain health hazards, such as pathogens, toxic chemicals and carcino-
genic compounds, during its direct consumption as drinking water or as
industrial use.

3.1. Physical properties of the filtered water

Physical characteristics of the filtered water, i. e. total dissolved solids
(TDS) and electrical conductivity (EC), were determined as presented in
Figure 3 and Figure 4.

The results shown in Figure 3 indicate that physical characteristics
of the filtered water varied according to the house water filter type used
to produce the filtered water. The TDS values of raw water samples
(control) ranged between 1.42 and 1.49 g/L. The TDS of the filtered wa-
ter slightly decreased due to treatment processes via house water mono
and di filters. The TDS values of the filtered water resulted from the
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.

Figure 3. Effect of the home water filters on TDS (g/L)

in the filtered water
PucyHOK 3. BnusitHne somMamrHux ¢GpwibTpoB Ajist Bogbl Ha TDS (r/1)
B GWIBTPOBaHHOII Boe

A-F 500 L

Control

house water mono filters ranged from 1.27 to 1.49 g/L. Likewise the TDS
values of the filtered water obtained from the house water di filters were
between 1.30 and 1.48 g/L. Using the house water penta filters highly
reduced TDS of the filtered water. The TDS levels ranged between 0.04
and 0.07 g/L. Thus, using the house water penta filter had a significant
(P < 0.05) positive effect on TDS values in the filtered water. Recently,
Khanal et al. [21] reported that only RO-UV led to a significant reduc-
tion of TDS levels resulting in the average and maximum removal rates
of 73.8 and 97.8%, respectively. The obtained TDS values of the filtered
water were within the allowed limits (1000 mg/L) required by the Egyp-
tian Standards [22].

The results presented in Figure 4 show the electrical conductiv-
ity values of the filtered water. The EC values of the filtered water re-
sulted from the house water mono or di filters were slightly affected
(812.8-972.2 mmhos/cm) compared to the control water samples
(908.8-953.6 mmhos/cm). On the other hand, the EC values highly de-
creased in the filtered water obtained from the house water penta filters
(25.6-44.8 mmhos/cm). EC is a measure of the anions and cations pres-
ent in water samples, the conductivity increases with an increase in the
ion content [23]. EC values significantly (P < 0.05) and highly decreased
in the filtered water obtained from the house water penta filters. The
EC values are in agreement with those found by Al-Oud et al. [24] and
Krélak et al. [3].

3.2. Chemical characteristics of the filtered water
Chemical characteristics of the filtered water i. e., total hardness, ni-
trates, chlorides, cations, and anions were determined.

3.2.1. Effect of the home water filters on total hardness (TH) and total
chlorides

The results presented in Figure 5 show water hardness values in the
filtered water obtained from the house water filters. Total hardness of
the filtered water was slightly affected by using the house water mono or
di filters (213-233 mg CaCO,/L) compared to the water control samples
(233 mg CaCO,/L). Total hardness was completely removed in the filtered
water resulted from the house water penta filters (0-2 mg CaCO,/L). The
sources of TH in water are dissolved ions from rocks, seepage, and runoff
from soils [23]. It is of interest to report that there were significant differ-
ences (p < 0.05) between TH values in the filtered water resulted from the
penta filters and mono and di filters. These results are in agreement with
those obtained by Jaafari-Ashkavandi and Kheirmand [25] and Krélak et
al. [3]. Generally, TH of the filtered water withdrawn from different types
of the house water filters was within the permissible limits (500 mg/l)
required by Egyptian Standards [22].

It can be noticed from the results in Figure 6 that the chloride content
of the filtered water obtained from the house water mono or di filters
ranged from 186.9 to 207.4 mg/L. The chloride content of the filtered wa-
ter resulted from the house water penta filters was completely removed.
Using the house water penta filter had a significant (P < 0.05) positive ef-
fect on the chloride content in the filtered water (Figure 6). These results
are in agreement with those reported by Krélak et al. [3].

The obtained chloride content of the filtered water was found to be with-
in the permissible limits (250 mg/L) required by Egyptian Standards [22].

EC
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 4. Effect of the home water filters on EC (mmhos/cm)
in the filtered water
PucyHoK 4. Bnusinue nomamHux GpwibTPoB AJIs1 BOObI HA
3JIEKTPONPOBOAHOCTH (MKO/cM) B GM/IBTPOBAHHOI BOoAe
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 5. Effect of the home water filters on total hardness
(mg CaCO,/L) in the filtered water
PucyHOK 5. Bnussaue nomamHux ¢GuiabTpoB IJist BOABI HAa OGLIYIO )KECTKOCTh
(mr CaCO,/m) B GuIbTPOBaHHOIT Bozie
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3.2.2. Effect of the home water filters on anions and cations

It can be noticed from Figure 7 that the nitrate content of the filtered
water resulted from the house water mono filter ranged from 1.20 to
1.80 mg/L. The nitrate content slightly decreased in the filtered water
after using the house water mono filter compared to the control samples.
Also, the house water di filter did not affect the nitrate content of the
produced water (Figure 7). The nitrate content of the filtered water re-
sulted from the house water penta filters (Figure 7) was significantly (P <
0.05) and highly reduced (0.5-0.9 mg/L) compared to the control water
samples (2.2 mg/L). Reverse osmosis is a physicochemical process that is
highly practical for removing nitrate [15]. These results are in agreement
with those reported by Krélak et al. [3]. JECFA [26] and Commission Regu-
lation [27] established the Acceptable Daily Intake of NO, ranged from
0 to 3.7 mg/kg body weight. The recorded values of nitrates were within
the allowed and recommended levels according to Egyptian standards
(45 mg/L) [22] and WHO guidelines (50 mg/L) [28] indicating relevant
safety of such water as reported by Al-Redhaiman and Abdel Magid [29].

The fluoride content in the filtered water obtained from the house wa-
ter filters is shown in Figure 8. The fluoride content in the filtered water
obtained from the house water mono filters was found to be similar to
its level in the control water samples (0.18 and 0.23 mg/L). Likewise, the
house water di filters did not affect the fluoride content in the filtered wa-
ter (0.21-0.25 mg/L). On the contrary, the fluoride content in the filtered
water produced using the house water penta filters was highly affected
(0.04-0.08 mg/L) compared to the control water samples (0.23 mg/L). Us-
ing the house water penta filter had a significant (P < 0.05) negative ef-
fect on the fluoride content in the filtered water. Also, Jaafari-Ashkavandi
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 7. Effect of the home water filters on the nitrate
content (ppm) in the filtered water
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Figure 6. Effect of the home water filters on the total chloride
content (mg CI/L) in the filtered water
PucyHOK 6. BinsiHue nomanrHux GuiabTpoB I BOABI HA COAepsKaHue
o6mux xnaopunos (mr Cl/n) B uabTpoBaHHOI Bome

A-F 500 L

and Kheirmand [25] and Eftekhar et al. [7] reported that the filtration of
water using home water purification systems significantly decreased its
fluoride content. These recorded results are lower than those required by
Egyptian Standards (0.8 mg/L) [22] and the WHO guidelines (1.5 mg/L)
[28] for drinking water.

Generally, water contains different types of cations, i. e. Ca, Mg, Na
and K, in varying amounts [30]. Among the salts that are crucial to the
flavor of water are sodium and potassium [15]. The results in Figures 9
and 10 show the content of cations Na* and K*, respectively, in the filtered
water as affected by using the household water filters. It can be concluded
that using the house water mono or di filters led to the slightly decreased
cation contents. On the contrary, cations, i. e. the Na* and K* contents, in
the filtered water were greatly affected by using the house water penta
filter. The Na*" and K* contents were 18-28 and 2 mg/L, respectively, in the
filtered water generated from the house water penta filter. Thus, using
the house water penta filter had a significant (P < 0.05) negative effect
on the Na* and K* contents in the filtered water. The obtained Na values
of the filtered water were within the allowed limits required by the Egyp-
tian Standards (200 mg/L) [22] and the WHO guidelines (50 mg/L) [28] for
drinking water.

3.2.3. Physical and chemical characteristics of drain water resulted from
the home water penta filters
Drain water runs from the outlet end of the RO membrane hosing to
the sewer system. It contains salts, contaminants and impurities found
in the incoming water source. Drain water resulted from the house water
penta filters was physically and chemically evaluated (Table 1). Drain wa-

fluorides
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Figure 8. Effect of the home water filters on the fluoride
content (ppm) in the filtered water
PucyHoOK 8. Bausinue goMmamHux GUIbTPOB AJ1s1 BOJbI Ha COAEpIKaHue
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Figure 9. Effect of the home water filters on the sodium
content (ppm) in the filtered water
PucyHoK 9. BausiHue soMamHux GWILTPOB AJ151 BOJABI Ha COAepIKaHue
HaTpus (ppm) B GuabTpOBaHHOI Boje

ter disposed from the house water penta filter ranged from 15 to 18 liters
per 100 liters from incoming water. Drain water became hard water,
which had total hardness ranged between 330 and 332 mg CaCO,/L. Fur-
thermore, it contained the high chloride concentration being 349 mg/L.
Also, TDS increased in drain water (1.98 g/L) compared to the control
water samples (1.49 g/L). Likewise, drain water had higher EC values
(1267.2 mmhos/cm) than those reported in the control water samples.

Table 1. Physical and chemical characteristics of drain water
resulted from the home water penta filters
Tabnuua 1. ®usuyeckne ¥ XMMIUYECcKue XapakKTePUCTUKM CTOYHO BOIbI,
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 10. Effect of the home water filters on the potassium
content (ppm) in the filtered water
Pucynok 10. Bimsiaue nomamHux GpuabTpoB i BOABI HA COJepyRaHue
Kaysms (ppm) B duabTpoBaHHOI Boje

Table 2. Effect of the home water mono filters on total counts,
coliform, fecal coliform and yeast and mold counts (CFU/ml)
in the filtered water
Tabnuia 2. BausiHue JOMAIIHNX OFHO-CTaAUITHbIX GUIBTPOB
Ha o0lIMe KOIMYeCcTBa, KOIMYecTBa KoIM(popMHbBIX GaKkTepuii,
dekanbHbIX KOMGOPMHBIX GaKTepmii, Aposokeit u mieceneit (KOE/mir)
B hmisTpOBaHHOI BOne

Sample  Totalcounts eofifiims coliforms  mold

Control 3.0x10¢ 2.8x10¢ Nil Nil
A-F100L 4.7x10° 7.9 10% Nil Nil
A-F200L 3.0x10° 2.1x10° Nil Nil
A-F300L 2.8x10* 3.0x 10° Nil Nil
A-F400L 2.9 10* 8.4x 102 Nil Nil
A-F500L 2.8 10* 7.7x10? Nil Nil

A-F=After Filtration.

MOJTyYeHHOM OT JOMaIHUX MSATU-CTaAUITHbIX PUIBTPOB
Sample Drain TH clr TDS EC
water/100L. (mg CaCO,/L) (ppm) (g/L) (mmhos/cm)
A-F100L 18 330 349.8 1.98 1267.2
A-F200L 18 332 349 1.98 1267.2
A-F300L 15 331 349 1.98 1267.2
A-F400 L 15 330 349.5 1.98 1267.2
A-F500L 15 330 349.5 1.98 1267.2

A-F=After Filtration.

3.3. Microbiological characteristics of the filtered water

3.3.3. Effect of the home water filters on total counts, coliform, fecal

coliform and yeast and mold counts

It is very clear that the microbiological examination of water is greatly
important to assure its safety for potable and /or industrial uses. There-
fore, the filtered water obtained from the house water filters was micro-
biologically examined for its total bacterial counts, total coliform, fecal
coliform and yeast and mold counts in water samples withdrawn from
different types of house water filters. The obtained results are presented
in Tables 2, 3 and 4, which show that the filtered water resulted from all
studied house water filters was completely free from yeast, molds and fe-
cal coliforms. Total bacterial counts (at 37 °C) ranged between 3.0 x 10* and
2.9%10% 9.3 x10% and 3.3x 10* CFU/ml in the filtered water resulted from
the home water mono filters and di filters, respectively. Total coliforms
ranged from 7.7x10? to 3.0x10° and 3.8x10?* to 8.4x10°> CFU/ml in the
filtered water resulted from the home water mono filters and di filters,
respectively. It can be concluded that total bacterial counts and total coli-
forms were slightly affected by using the home water mono filters and di
filters. The results in Table 4 indicate that the house water penta filters

Table 3. Effect of the home water di filters on total counts,
coliform, fecal coliform and yeast and mold counts (CFU/ml)
in the filtered water
Ta6nuuia 3. BiussHue JOManIHUX SBYX-CTaAUIHbIX GUIbTPOB
Ha o6uIMe KO/IMYeCTBa, KOMMYecTBa KonmbOpMHBIX GakTepuii,
deranbHBIX KOMM(OPMHBIX GaKTepuii, Aposkskeii u mieceHeit (KOE/mir)
B GMIBTPOBAHHOI BoAe

Sample Total counts co'lI;(f)(t)?:ns cofi?g?}ns Yefarf;l?lnd
Control 3.4x10* 2.5x10* Nil Nil
A-F100L 3.3x 10" 8.4x10° Nil Nil
A-F200L 5.3x10° 8.2x10° Nil Nil
A-F300L 1.8x10° 3.8x10% Nil Nil
A-F400L 1.8x10° 8.4x10* Nil Nil
A-F500L 9.3x10? 7.0% 10 Nil Nil

A-F = After Filtration.

Table 4. Effect of the home water penta filters on total counts,
coliform, fecal coliform and yeast and mold counts (CFU/ml)
in the filtered water
Ta6nuua 4. BiMsHue JOMalIHUX MATU-CTAAUAHBIX GUIBTPOB
Ha o0lIMe KOIMYeCTBa, KOIMYeCTBa KOIM(POPMHBIX GaKkTepuii,
deranmbHbIX KOMMPOPMHBIX GaKTepuii, APoskskeii u mieceHeit (KOE/mir)
B GUIBTPOBAHHOI Boze

totally removed the bacterial population, including total counts and total Total Fecal Yeast and
coliforms, from the produced water making it completely safe for potable Sample Total counts coliforms coliforms mold
and other uses. Consequently, to assure continuous safety of such water, Control 3.4x10* 2.5%x10* Nil Nil
house water penta filters should be used. The most effective method for A-F100L Nil Nil Nil Nil
improving water qgahty parameters is the Teverse 0smosis membrane pu- A-F200L Nil Nil Nil Nil
rification system with five-stage filter media [31]. Generally, total bacterial AF300L Nil Nil Nil Nil
counts and total coliforms in filtered water produced from the home water

mono and di filters were higher than the allowed levels required by the A-F400L Nil Nil Nil Nil
Egyptian Standards (50 and 0 CFU/100 ml, respectively) [22], and the WHO A-F500L Nil Nil Nil Nil
guidelines [28] (0 CFU/100 ml) for total coliforms and fecal coliforms. A-F=After Filtration.
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4. Conclusions

It can be concluded from the above-mentioned results that the penta
filter used in the present study showed good purification capability of
removing TDS, EC, TH, chlorides, nitrates, total bacterial counts and
coliforms from water. On the contrary, the home water mono and di
filters exhibited low effectiveness of contaminant removal. Therefore,
consumers who primarily drink filtered water resulted from home
water penta filters minimize risk of exposure to nitrates, heavy met-
als and microorganisms due to the presence of reverse osmosis, which
has proven to be the most valid and effective technique to eliminate

almost all contaminants. On the other hand, although this device has
benefits in many cases, filtered water generated from those filters may
pose an increased risk of deficiencies in F, Na, K and Mg for people.
These elements are very important for the human body and their levels
in filtered water can be lower than permissible limits set by local and
international standards. Therefore, people should consume them from
other food sources or use re-mineralization techniques to increase the
nutrient content of filtered water. Drain water disposed from the house
water penta filter contained high concentrations of contaminants and it
needs further studies.
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N3YYEHUE BO3MOJXHOCTHU BBIPABOTKHN PACCOJIbHBIX CbIPOB
N3 3AMOPOXEHHOTI'O OBEYBETO MOJIOKA

MopasunoBa B. A., CBupugenko I. M., Octpoyxosa U. JI.*, Octpoyxos /. B.

Bcepoccuiickuit HayuyHO-1CC/IeIOBATENbCKIIT MHCTUTYT Maca0Ae s U cbipoenus, Yriaud, SIpociaBckas 061acTh, Poccus

K/TIOYEBBIE CJIOBA: AHHOTALNYA

Open access

08eube MOJIOKO, B craTbe mpencTaBieHbl pe3ylibTaThl UCCIETOBAHNS MTOKa3aTeleil KauecTBa PacCobHBIX ChIPOB, BBIPAGOTAHHBIX U3 Aedpo-
3amopaxcusaHue, CTUPOBAHHOTO OBeYbero Mosioka. O6bekTaMu M3yueHus ObLIY HAaTypaabHOE U TepOCTUPOBAaHHOE OBEUbE MOJIOKO, PACCOITb-
deppocmayus, HbIe CBIPBI U3 3TOT0 MOJIOKa. ViccimemoBanust nedpoCTMPOBAaHHOTO OBEYbEr0 MOJIOKA (OMBIT) MpoBOaMIM yepe3 10 cyT ero
colponpuzodHsie XpaHeHus Ipu Temiiepatype muHyc 18 °C ¢ nocnenymwoiueii nedpocraumeit mpu remnepatype 20+ 2 °C. CoctaB HATypaJbHOTO
cgoticmea, OBeybero MoJioKa (KOHTPOJIb) pacCMaTpUBAJICS MOC/Ie XpaHeHusI B TeueHne 24+ 12 4 mpu temneparype 4+ 2 °C. Bbuio ycra-
pacconsHelll cuip, HOBJIEHO, YTO 3aMOPakKMBaHMe MOJIOKA U MOC/IeAyoIas ero qedpocranys He 0Ka3aay 3HAYMMOTO BIAVSIHUSI Ha COflepsKaHue
op2aHosienmuyeckue  Cyxux BelleCTB MOJIOKa, HA MacCOBYIO JIOJ0 Oesika U Kupa, Ha TUTPYEMYI0 KMCJIOTHOCTb; OJTHAKO MacCOBAas TOJIST KasbIUs
nokasamenu yMeHbIIWIach B cpegHeM Ha 20%. 3aMopakuBaHMe MOJIOKA 3HAYMMO He MOBIMSIIO Ha 06Iee KOIMUeCTBO MUKPOOPTaHM3-

MOB, B TOM YMCJIE CITIOPOBBIX a9POOHBIX MUKPOOPTAaHM3MOB U TUIECHEBBIX I'PUOOB. UMCIO COMATUUECKUX KIETOK CHU3WIOCH
B 3,0—4,5 pa3sa. He 6bUI0 YCTAHOBJIEHO OTINYMIT MY KOHTPOIbHBIM ¥ OIBITHBIM 06pa3aMy MOJIOKA B CIIOCOGHOCTM K ChI-
YY)KHOMY CBEPThIBaHNIO. YPOBEHDb CHHEPEe3MCca CI'yCTKOB B KOHTPOIbHOM 06pasiie cbhipa 6611 Ha 16+ 1% Bbllile 1O CPABHEHMUIO
C OTBITHBIM 06pa3iomM. ChIpbI BbIPAGaTHIBAIM MO TPAAMUIIMOHHON TEXHOIOTUUECKOI CXeMe PacCoIbHOTO ChIpa C UCIIOIb30-
BaHMeM IMPOM3BOACTBEHHOI Me30(pWIbHOI 6aKTepuanbHO 3aKBacky. KOHTPOIbHbIE 1 OMBITHBIE ChIPI 3HAYMMO HE OTIIN-
Yannch Mo GpU3NKO-XMMMUIECKUM MoKasaTessiM. [1o cTeneHn MpoTeonn3a MeXAy KOHTPOIbHBIMY M ONBITHBIMY BapMaHTaAMU
He ObUIO YCTAHOBJIEHO OCTOBEPHBIX OT/INUMIL. B OMBITHOM 06pasiie chipa 6bLJI0 OTMEUEHO CHUsKeHMe GyhepHOii eMKOCTHI
CBIPHOJ Macchl B CDABHEHMM C KOHTPOJIbHBIMU ChIpaMM. 3aMOpakMBaHMe MOJIOKA He 0Ka3asio CYIleCTBEHHOTO BAMSHMS Ha
XapaKTePUCTUKY BKyca ChIPOB: B 060MX BapMAHTAX ChIPbI XapaKTePU30BAINUCh C1a60BbIPAKEHHBIM ChIPHBIM, KMCIOMOJIOY-
HBIM BKYCOM C OPUTMHAJIbHBIMM IIPUBKYCAaMM OBEUbETO MOJIOKA. Bosiee 3amMeTHbIe OT/IMYMS GbLIIY YCTAHOBJIEHBI B KOHCUCTEH-
LMY CBIPOB. B KOHTPOIIBHOM BapraHTe KOHCUCTEHLIVS XapaKTepr30Baiach KaK HeXKHasl, C7IerKa JIOMKasl; B OTIBITHOM — MeHee
HEeXHast, HO JIOMKasI ¥ ¢Jierka MyuHucTast. Haubosnbliee yxy/iieHne KOHCUCTEHIMY HaOII0AaIM B 06pasax 3aMOpPOsKeHHOTO
ChIpa 13 HATYPaJIbHOTO MOJIOKA Tocie fedpocTanun; OHa ONpeensiach KaK IOMKast, MyqHMUCTAs, KPOILTNBASI.

OUMHAHCHUPOBAHUE: CraTbsl MOATOTOB/IEHA B paMKaxX BBITIOJIHEHUSI UCCIeIOBaHMIA 1O rocygapcTrBeHHoMY 3amannuio N2 FNEN-2019-0011 dene-
paJIbHOTO HayYHOTO I[eHTpa MuIeBbIX cucteM M. B. M. Top6aToBa Poccmiickoit akajeMun Hayk.
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STUDY OF THE POSSIBILITY OF PRODUCING BRINE-RIPENED
CHEESES FROM FROZEN SHEEP’S MILK

Valentina A. Mordvinova, Galina M. Sviridenko, Irina L. Ostroukhova*, Dmitriy V. Ostroukhov
All-Russian Scientific Research Institute of Butter- and Cheesemaking, Uglich, Yaroslavl Region, Russia

Open access

KEY WORDS: ABSTRACT
sheep’s milk, freezing, The article presents the results of a study of the quality indicators of brine-ripened cheeses produced from defrosted
defrosting, cheese- sheep’s milk. The objects of the study were natural and defrosted sheep’s milk, brine-ripened cheeses from this milk. The

like properties, brine study of defrosted sheep’s milk (experiment) was carried out after 10 days of its storage at a temperature of —18 °C followed

cheese, organoleptic by defrostation at a temperature of 20+ 2 °C. The composition of natural sheep’s milk (control) was examined after storage

characteristics for 24+ 12 hours at a temperature of 4+ 2 °C. It has been found that the freezing of milk and its subsequent defrostation did
not have a significant effect on the milk solids content, the mass fraction of protein and fat, titrated acidity; however, the
mass fraction of calcium decreased, on average, by 20%. Freezing milk did not significantly affect the total number of micro-
organisms, including spore aerobic microorganisms and molds. A decrease in the number of somatic cells (from 3.0 to 4.5
times) was found. There were no differences between the control and experimental milk samples in the renneting ability.
The level of syneresis of clots in the control sample was 16 1% higher compared to the experimental sample. The cheeses
were produced according to the traditional technological scheme of brine-ripened cheese using a production mesophilic
bacterial starter culture. The control and experimental cheeses did not differ significantly in physical and chemical param-
eters. According to the degree of proteolysis, there were no significant differences between the control and experimental
variants. In the experimental sample, a decrease in the buffer capacity of the cheese mass was noted in comparison with
the control cheeses. The freezing of milk did not have a significant effect on the taste characteristics of the cheeses: in both
variants, the cheeses were characterized by a weakly expressed cheese, fermented milk taste with original taste of sheep’s
milk. More noticeable differences were found in the consistency of the cheeses. In the control version, the consistency was
characterized as tender, slightly brittle; in the experimental version, it was less tender, but brittle and slightly powdery. The
greatest deterioration in consistency was observed in the samples of frozen cheese made from natural milk after defrosting;
it was characterized as brittle, powdery, crumbly.
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1. BBegeHue

O6BbeMbI IPOM3BOLICTBA OBEUBEI'O MOJIOKA, IT0 CPABHEHMIO C MOIIOKOM
IPYTMX JAKTUPYIOIIMX SKMBOTHBIX, HEBEIMKM U COCTaBisiioT 1,3-1,4%
B MMPOBOM 06beMe Mojoka [1,2]. OmHaKo B 0BeUbeM MOJIOKe 110 CpaBHe-
HMIO C KOPOBbMM cofepkuTcs B 1,5 pasza Gosblie CyXux BeIeCTB; B €ro
cocTaBe IMPUCYTCTBYET JAOCTATOYHOE KOMMYECTBO OeNKOB, SKMPOB U MMU-
HepalbHBIX BelleCTB — Kamblys 1 docdopa, Urpammmx BaskKHYIO POIb
B IIPOM3BOJICTBE CHIPOB [3].

B eBpomeiickoM CbIpOJenuyu ChIpbl M3 OBEYLEr0 MOJIOKA OTHOCST
K 37IMTHO rpymie cblpoB Kateropuy PDO c 3auiyineHHbIMY HaiMeHOBa-
HUSIMM TI0 MeCTy IIPOMCXOXKIeHusl, TakuMu Kak Pokdop, [Tekopuuo Po-
maHo, ITekopuno Capny, CununnaHo, Manuero, Kacreny BpaHky, 9Bopa
u Ip. [4]. I3 oBeubero MoyIoOKa M3roTaBIMBAIOT TAKKe JIOTYPTHI U ChIBO-
POTOYHBIE CBIPBI [5].

B P® Temmbl NpupoCTa 0B€UYbero MOJIIOKa HeBeIVKM, HO yCTOMUMBEIL. 3a
rociaenuue 10 et 06beMbl ITPOU3BOICTBA COCTABMIN 6,5 THIC. T, TOSIBU-
JICh TIPOEKTHI ITPOMBIIIITIEHHOTO JOeHMs OBel] C IocIeAyoleli epepa-
6OTKOJ MOJIOKa [IJIs1 M3TOTOBJIEHMSI CBIPOB MpeMuyM-Kiacca [6]. OmHako
OCHOBHOE ITPOM3BO/ICTBO MOJIOKA IO CUX ITIOP COCPEIOTOYEHO B KPECThSIH-
cKO-(hepMepCcKMX XO035/CTBAX, IZle BOIPOCHI HAKOIUIEHWSI MOJIOKA ISt
BbIPAGOTKYM ChIpA WJIM TPAHCIIOPTUPOBKM HA YAaJeHHbIE PACCTOSHUS
C LeJIbI0 peanu3anyy Wi JajbHeiilieil mepepaboTKy MOoApa3yMeBaioT
€ero npefiBapuTe/IbHOE KOHCEPBMPOBaHMe, HATIPMMeED, 3aMOPaKMBAHMEM.
[Tepuop nakTauym y oBel, oueHb KOpoTkuit, 130—-150 nHeii [6], 1 BO3ZMOXK-
HOCTb KOHCEPBMPOBAHMS MOJIOKA ITO3BOJIUT MTPOM3BOAUTENSIM CITIALUTh
CEe30HHOCTb, IOBBICUTDH PEHTA0eTbHOCTD TPOM3BOACTBA.

3amopaskuBaHue HeGONbIINX 00BEMOB MOJIOKA SIBJISIETCS LOCTATOY-
HO paclpoCTPaHEeHHbIM IPMEMOM B IPAKTMKE eBPOIEiiCKOro ChIpoje-
yust [7]. B Haleit cTpaHe 3TOT CIIOCO6 MPUMEHSIeTCsT IJIsl peIKUX BUIOB
SKMBOTHBIX, TPY HEGOMBIINX 06beMax U BbICOKOIi Ce30HHOCTH [8]. 3amo-
paXyuBaHMe KaK ajgbTepHaTMBa [JI1 KOHCePBMPOBAHMS CbIPOTO MOJIOKa
B KPeCTbSIHCKO-(pepMepCKMX X03SI/ICTBaX Mpejiaraercs Ajsi opeubero [7],
Ko3bero [9,10,11], 6yitBoauHoro [12], Kob6blabero [13] Mmonoka.

OpHaKo B HAyYHOJ IMTepaType MPUBOASITCS pasHble CBeleHNs O I10-
BeZleHUM MOJIoKa mocie aedpocrauyn. Hanpumep, no ganubiM Kpyun-
HMHA U Ap. [14], KpMOKOHCepBMPOBaHME MOJIOKA [TO3BOJISIET COXPAHUTD
GOJBLIMHCTBO €ro IT0e3HbIX KOMIIOHEeHTOB. B mccinenoBanny Wendorff
[15] coobuiaeTcs, 4TO 3aMOpaXkMBaHMe OBEYbEro MOJIOKA IPU MUHYC
27°C crioco6CTBYET COXpaHEHMI0 CTAGMIbHOCTY CTPYKTYpPhI B TeueHue
12 mec xpaHeHusI, a 3aMopaxkuBaHue pu MuHyc 15 °C — He 6osnee 6 me-
csieB. [IponyKThl, MPON3BefEeHHbIEe M3 MOJIOKA, 3aMOPOXKEHHOTO IpU
TemIieparype MuHyc 27°C, IOKasaJy XOpollue OpraHolelnTuyecKyue
" QYHKIMOHAIbHbIE CBOJCTBA.

B pa6ote Middleditch u gp. [16] coobuiaeTcs, YTO OBEUbE MOJIOKO KaK
paHHero, Tak M MO3[JHero ce30Ha JaKTalMM COXPaHsIeT KayecTBO IOC/e
XpaHeHMs B 3aMOPOXKeHHOM BHJle B TeueHue 24 Heflelb; ero MokasaTenn
COTIOCTaBMMBI C [IOKa3aTesIMM CBeXkero MOJIOKa aHaJIOTMYHOTO Iepuosa.

Katsiari u gp. [17] 6bU10 TOKa3aHO, YTO B 06pasiiax 3aMOPOKEHHOTO
ripu temmeparype Munyc 20 °C 1 gedpocTpoBaHHOTrO 1ocie 6 Mecsien
XPaHeHNs] OBEUbEro MOJIOKa 00liiee KOMMIYeCTBO GaKkTepuit 6bUI0 3HAUU-
TenbHO Huke (p<0,05), uem B cBeskeM Mosioke. Ha obiiiee comepskaHue
MMKDPOOPraHM3MOB OKa3saja BIMSHME M TeMIlepaTypa 3aMopo3Ku. Tak,
Wendorff [15] ycTraHOBWMII, 4TO 06IIee KOMMYECTBO GaKTepuii yMeHbIa-
J10Ch 60ree GBICTPBIMM TEMITAMM B MOJIOKE, XPaHMBILIEMCSI [TPU TeMITepa-
Type munyc 15 °C, uem mipu Temreparype MmuHyc 27 °C.

UccnenoBanus [18] n0OKa3bIBalOT COXPAHHOCTb ChIPOIIPUTOAHBIX
CBOJICTB OBEYBETO MOJIOKA, 3aMOPOKEHHOTO0 IpY TeMmneparype MuHyc 18 °C
¥ XpaHsIerocs B TeueHue 3 mecsies. [Ipy aTom cofepykaHye KOJIOUITHOTO
docdopa, KanbLysT M MarHus, BAVSIOIIee Ha ChIYY)KHYIO CBepPThIBAEMOCThb
MOJIOKA, M3MEHSUIOCh He3HAUMTENTbHO. Zhang u Ap. [19] nenaloT BbIBO/, UTO
CBIp XOpOIIIero KauecTBa MOXKHO ITPOM3BOJUTD 113 OBeYbero Mosuoka, 3aMo-
POKEHHOTO Kak Ipu TeMriepatype muHyc 15 °C, tak u ipu munyc 25 °C Ha
CPOK J10 6 MecsiLieB, 6e3 BAVISIHMS Ha BBIXOJ, WJIV COCTaB ChIpa.

B03MOXXHOCTD AJIUTENBHOIO XpaHEHMs] OBeYbEero MOJIOKa B 3aMOpPO-
SKEHHOM BM/JI€ CBSI3BIBAIOT C 60Jiee MeJIKMMM pasMepamiu (10 CPaBHEHUIO
C JKMPOM KOPOBbET0 MOJIOKA) U € GOJIblIIeli CTeNIeHbIO JUCTIePCHOCTH K1 -
POBBIX [7O6Y/T MOJIOKA. DTOT (GaKTOP MO3BOJSIET M36EKATh PasmeneHust
a3 npu 3amep3aHumn 1 obecrieurBaeT cTabuIbHyI0 KOHCUCTeHIMIO [20].
CoxpaHeHMIO OJHOPOAHOCTM MOJIOKA I0C/e 3aMOpaskuBaHus U gedpo-
CTaUMM TaKke CIOCOOCTBYeT CTPOEHMEe Ka3eMHOBBIX MMULENT OBEYbEro
MOJIOKa, OT/IMYAIOIIMXCSI OT MULIe/UT KOPOBbEro MoJIoKa Kak pasMepamu
(8 1,3 paza MeHbllle), TaK ¥ HaJMuueM MyabTUHOCHOPMINPOBAHHBIX
dopm B-kasenna [21].

C mpyroit CTOPOHBI, MHOTVE MCC/IEN0BATENN 3asIBIISIOT O ecTabyI-
3alUY MOJIOYHBIX GEJKOB M O BO3HMKAIOIIE B pesyinbpTare 3TOro ¢io-
KYJISIIVV WV BBITIQZIeHUM OCafKa Py OTTAaMBAaHMU BO BpeMsl XpaHEeHMsI

MOJIOKA B 3aMOPOKEHHOM BMJie. DTY M3MeHeHMsI CXOIHbI C M3MeHeHMsI -
MM, TIPOUCXOISLIMMM C KOMIIOHEHTaMM MOJIOKa B pe3y/bTaTe KOHIIEHT-
pupoBaHus [22,23].

Hamnpumep, Tribst u ap. [24] OpUIIM K BHIBOAY, YTO 3aMOPaKMBaHMe
oBeybero Mosioka mpu MuHyc 18 °C 1 ero orrauBanue mnpu 7 °C npuBoguUT
K YBeJIMYEHNIO pa3Mepa KMPOBBIX IaPUKOB U K Goee BBICOKOMY OTZe-
JIEHMIO CJIMBOK IO CPaBHEHMIO CO CBEXUM MOJIOKOM. PasmopaxkuBaHue
06e3XMPEeHHOT0 MOJIOKa Mpu TemIeparype 25°C 06HapyskK1IO U3MeHe-
HMSI COJIEBOTO GasiaHca, IIPUBEJIO K YBEIMUEHNMIO ero 6ydhepHOoii Crocoo-
HOCTY ¥ K CHVDKEHUIO COZlepsKaHMsI pAaCTBOPMMOTO KajbLMsI cpasy mocie
OTTaMBaHUSI.

IIpy M3yuyeHuy BIAVSIHUS AJIUTETbHOTO 3aMOPaKMBAHMS HA ChIUYXK-
HbIe CBOJCTBA MOJIOKa OBell TTopobl Sarda [25] 6bUIO YCTAHOBJIEHO, YTO
addekT xpaHeHus cyuecTBeHHO moBausut (p<0,01) Ha mapaMeTpbl Chl-
YY>KHOTO CBepThIBaHMs. [loc/ie Mpomo/KUTeIbHOTO XpaHeH!sI B 3aMO-
POXKEHHOM BuJe GbLIO 3aperucTpUpoOBAHO GOMbLIOE KOIUYECTBO HEKO-
arynmpymomux cy6npo6. Kpome Toro, BpeMsi CBepTbIBAaHMSI MOJIOKA U3
3aMOPOKEHHBIX 06pa31i0B ObII0 60JIbIIIE, A TBEPIOCTD CIYCTKA CHIKAIACh
rocjie mepuoja 3aMOpPaXMBaHMS ISITh MecsilieB. 3aMeTHOe CHIDKeHUe
CBHIYYKHBIX CBOJCTB OBEUbETo MOJIOKA II0C/Ie XPaHeHNs B 3aMOPOKEHHOM
BIJIe MOKET CBUETETbCTBOBATh 00 YMEeHbLIEHMM BbIXO/IA 1 KAUeCTBa 13-
TOTOBJIEHHOTO CbIpa. B CBSI3M € 3TMM cZieniaH BBIBOJ, YTO 3aMOpaskiBaHye
ChIPOTO MOJIOKa Sarda ciegyeT orpaHMYUTh 60/iee KOPOTKUMIM CPOKAMIA.

ITponsBozcTBo cbipa [Tacra dunara 13 3aMOPOKEHHOTI'O OBEYbEro MO-
JIOKa He CTaJIo XOpolle aJbTepHaTUBO MCIIOIb30BaHNI0 HATypaIbHOTO
ChIpbs [26]. HoBBIE ChIpBI He GbLINM MPUHSTHI TOTpebuTensimu. O60cHO-
BaHMeEM IOCTYKVWIM M3MEeHEHMUSI TeKCTYPhI ¥ NMPOGWIS IIaBKOCTY ChI-
POB, U3rOTOBJIEHHBIX ITOJIHOCTHIO U3 3aMOPOXEHHOTO OBEYbero MOJIOKa,
a Take B cMecu ¢ 30% KOpOBbEro MOJIOKa. 3aMOpaskMBaHMe MOJIOKa
MPUBEJIO K TOTEePe «CBEKECT» BO BKYCE ChIPA, MACTUYHOCTY U Grecka
cpipoB [Tacta @utaTta; ChIPbI OMYYMIUCH 60see TBepAbIMM U TOMKUMMU.

Alinovi ¢ coaBropamy [27] mOKasamu, YTO 3aMOpOKEHHbIE ChIPBI
Mouaperia, XpaHsiinuecs: Ipu Temnepatype MuHyc 18°C B TeueHue
1-4 mec, moka3anu 6onee BBICOKMIT YPOBEHDb IPOTEOIN3a, YEM CBEXKME
cpIpbl. [losiB/IeHMe OKMCIEeHHBIX ¥ TOPbKMX MPUBKYCOB B ChIpax IOCTIe
pa3MopakMBaHMs aBTOPBI CBSI3bIBAIOT C OCTATOUHOI aKTUBHOCTBIO (ep-
MEHTOB U ¢ 6oJiee JIerkuM X TOCTYIIOM K Ka3eMHY 13-3a U3MEeHEeHUsI ero
CTPYKTYPbI BO BpeMsI 3aMOPaskMBaHMSI M XPaHeHUSI.

VI3BecTHO, YTO TOMMMO MOJIOKa 3aMOPakMBaHMIO ITO/IBEPTraioT U ro-
TOBBIE MOJIOUHbBIE ITPOAYKTHI, TAKME KaK CIMBKU, HOTYypT, Kedup, TBOPOT
u ChIpHI [28,29,30].

ChIpBI 3 OBEYbEro MOJIOKa, XPAHMBIIMECS B 3AMOPOSKEHHOM BUJIE B Te-
yeHne 3, 6 1 9 mec, TOCTOBEPHO OTANIAINCh (P<0,05) OT KOHTPOIBHBIX
CBIPOB TI0 MAaCCOBOJI [0/Ie MOJIOYHOV KUCIOTHI U 1Mo BenmumHe pH [31].
[TpoTeonn3 B 3aMOPOKEHHBIX ChIPAX MTPOJOJDKAICS MeJJIeHHO, CO 3HaUM-
TeJIbHO 60JIee BHICOKMMM TTOKA3aTeISIMU HEeGeTKOBOTO M aMUHOKMCIIOTHO-
ro asora (p<0,05), MPUCYTCTBYIOLIErO B KOHIIE IIepMoia XpaHeHMs.

HccnenoBaHusIMY € TIOMOLIBIO 3MEKTPOHHOM MUKPOCKOMMY GbUIN
06GHapY)KeHb! MOBPEXIEHNSI MUKPOCTPYKTYPbI B ChIPax, 3aMOPOSKEHHbIX
cpasy Iocjie M3TOTOBJIEHMSI M XPaHUBLIMXCSI B TeueHye 4 Mecsues [32].
Jlyuiive pe3ynbTaThl IPU XPaHEHUY 3aMOPO>XKEHHOTO CbIpa Serpa 13 oBe-
Ybero MOJIOKa B TeueHye 12 MecsiteB GbUIY MOTYYeHbI, KOTa 3aMOPasKu-
Ba/IM CbIp HA KOHEUHOJ CTaauy co3peBaHus (I1ocjie 42 cyT) Ipu TemMIie-
parype 3amopaxkuaHug MuHyc 20 °C [33]. IIpy 3TOM 3aMopakuBaHue He
MpeJOTBPATUIO BTOPUYHBIN MTPOTEOIN3 ChIPA. 3aMOPOKEHHBIE 0OPA3IIbI
ChIpa IoKas3auy 60see BbICOKMEe 3HAUeHNMsI He6eIKOBOTOo a30Ta, ueM He3a-
MOpPO>KEHHbIE 00pas3Ibl.

B monyTBepApIx CbIpax M3 OBeUbero MOJIOKA, 3aMOPOKEHHBIX Cpasy
I1oCjIe M3TOTOBIEHMSI IpU OBYX pexxumax (MyHyc 35°C u munyc 80 °C)
u xpaHyBuxcs npy MuHyc 20 °C B TeueHMe 4 Mec € MOCIeYIOMINUM CO-
3peBaHMeM B TeueHye 45 cyT, He 6bIII0 0GHAPYKEHO 3aMeTHbBIX M3MeHe-
HMIT OBIEro cocTaBa, PEOJIOTMUECKUX M CEHCOPHBIX CBOICTB. IIpenBa-
pUTeNnbHOE 3aMOpakMBaHMe CHU3MJIO JKMU3HECIIOCOOHOCTb MUKPOOHOM
mopbl  CchIpa, TOBBICWIIO BJIATOYAEPKMBAIOIIYIO CIIOCOGHOCTb Geska
¥ YPOBeHb IIpoTeonu3a [34].

B nporiecce M3y4yeHyst OpraHONENTUYECKMX XapaKTepUCTHK cbipa Los-
Pedroches nociie 3amopaskuBaHust M 3 MeC XpaHeHUsI B 3aMOPOKEHHOM
BUJe GBUIO BBISIBJIEHO M3MeHeHVe KOHCUCTeHIIMM, 3araxa, MHTeHCUBHO-
CTU BKyca, KUGIOTHOCTU. KonmyyecTBO U pa3mep INIa3KOB CYIECTBEHHO
YMeHbIIMINCh. KOHCUCTEHIMST Me/IIeHHO 3aMOPOSKEHHbIX ChIPOB OblTa
XysKke. DTU TeHIEHIMIU COXPAHSUIUCh 63 M3MeHeHMIi 10 9 MeC XpaHeHUsT
B 3aMOpPOKeHHOM BuIe [35].

PesynbpTaThl MccnenoBaHuii [36] XpaHeHMSI CbIpA-ChIPbSl OJISI TINLI-
LIbI TIOKA3aJIM, YTO 3aMOpaskMBaHMe MOXKHO PacCMAaTPUMBATh KakK CIIOCO6
3aMemJieHMsl 6MOoNornyeckux UM GuU3MKO-XMMMUIECKUX M3MEHEeHMii, 4To
SIBJISIeTCST 6@30IMaCHbIM CIIOCO60M yBeIUUeHus: Cpoka rogHocT. Ho mpu
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MCTIONb30BaHMM 3aMOPOXKEHHOTO ChIPHOTO ChIPbSI HAGMIOMANIM yXyAle-
HMe JKeJlaeMbIX QYHKIIVMOHATbHBIX CBOCTB MULILIBI.

Pe3ynbTaThl MPOBEJEHHOTO MOHMTOPMHTA HAyYHOI JIMTEPATyphl
MMO3BOJISIIOT CAENATh 3aK/IIOUEHME O TPOTUBOPEUYMBOCTU MH(POPMALIINA
0 MPUTOJHOCTY AePPOCTUPOBAHHOIO OBEYHETO MOJIOKA [IJIsl M3TOTOBJIe-
HMSI CBIPOB, B TOM UMC/IE PACCOMbHBIX, @ TAKKE O HEXBATKe MH(MOpMaLmn
06 MX KauecTBe M XpPaHMMOCIIOCOOHOCTH.

Vicxopst U3 akTyaabHOCTM TPOGIIEMBbI, LIeTbI0 JAHHOM PaboThI IBUICDH
MCCIIeOBAHMST TEXHOMOTMUECKUX CBOMCTB AehpOoCTMPOBAHHOIO OBEeUbe-
ro MOJIOKA M KaueCTBEHHBIX TOKa3aTeseil BbIpaGOTaHHBIX U3 HEro pac-
COJIbHBIX CHIPOB B KOHAMIIMOHHOM BO3pacTe U B IPOIECCE XpPaHEHUS,
B TOM YJC/I€ B 3aMOPOKEHHOM BUJIE.

2. O6'BeKTHI ¥ METOAbI

O6beKTaMy MCCIeNOBaHMI GbUIM: HATYPAIIbHOE OBEYbE MOJIOKO KM-
BOTHBIX TOpPOJbI cydonk (KOHTPOIb), 3aMOpPOkKeHHOe U IedpocTupo-
BaHHOE OBEYbe MOJIOKO (OIIBIT); PACCONbHBIE ChIPbI, BRIpAGOTAHHBIE U3
HAaTYypaJabHOro 1 JedpOCTUPOBAHHOIO OBEYbEro MOJIOKA, a TAKKe 3aMO-
POXKEHHBIN 1 AedpPOCTUPOBAHHbIN PACCOMbHDINA ChIP, BBIPAGOTAHHBIN 13
HaTypaJIbHOTO OBEYbETO MOJIOKA.

OMBITHYIO TAPTUIO MOJIOKA 3aMOPakMBaIM TIPU TeMIIepaType MUHYC
18°C u xpanmnn B Teuenne 10 cyT. [lepen BbIpabOTKOI MOIOKO medpo-
cTupoBany npu temmneparype 20+ 2 °C. KoHTposeM CIy>Knao oBeube MO-
JIOKO, OXJIaXKIeHHOe [0 TeMIlepaTypsl 4 * 2 °C, mocsie XxpaHeHMsI B TeUeHye
24%12 4.

CoIpbl BbIpabaThiBaiM B SKCIepuMeHTasbHOM Iiexe BHUMMC wu3
LIeJIbHOTO OBEYbEro MOJIOKA TI0 TPAAVILMOHHOI IS PACCOJIBHBIX ChIPOB
TEXHOJIOTMYECKOi cxeme. [IJIsT UX M3TOTOBJIEHUSI MCIIONb30BaIM IPO-
M3BOJCTBEHHYIO GaKTepMaabHYIO 3aKBACKy B KoinuuecTBe 1,5%, cocro-
SIIIYI0 U3 cMecu Me30(hUIbHbIX TaKTOKOKKOB (Lactococcus lactis subsp.
Lactis, Lactococcus lactis subsp. diacetylactis, Leuconostoc lactis/Leuco-
nostoc mesenteroides subsp. cremoris) n nanouek (Lactiplantibacillus
plantarum). Ceipsl co3peBanu pu Temrepatype 11+1°C u oTHOCUTENb-
HOJ BiIaskHOCTY Bo3ayxa (80+2)% B Teuenue 5 cyT. Bplio BeIpaboTaHo
110 10 ro7I0BOK KOHTPOJIBHBIX M OMBITHBIX CbIPOB Maccoit 1,0£0,1 kr. ITo-
JIOBUHY 06pPasiioB ChIpa M3 HATYPaJbHOTO MOJIOKA 3aMOPakKMBAIN MPU
Temnepatype munyc 18 °C u xpanunu B TeueHue 90 cyT. [lepen ucrmbl-
TaHMSIMU 06pasibl chipa AedpocTupoBanu rnpu temmeparype 20+2°C.

Ompenensimu GpuU3MKO-XxMMMUUECKME TTOKa3aTenyu MOJOKAa (MacCOBYIO
nmoitio kupa, 6enka, COMO, MuHepaabHBIX COJEI, IJIOTHOCTb, KMCIOT-
HOCTb M TOUKY 3amMep3aHysi) IPUOOPHBIM METOIOM C UCIIOIb30BaHMEM
ananmu3atopa monoka MilkoScan FT 2 (FossAnalytical A/S, (Jauus)),
JIeMICTBME KOTOPOTO OCHOBAHO HA MPUMMEHeHUY MeTona MHGPaKpacHOi
@Dypbe-CIeKTPOCKOINN.

ComepskaHie Kanbiiys B Moioke ompenessin o TOCT P 55331-2012!
TUTPUMETPUYECKMM METOIOM.

OrmpefeneHne KolMmMyecTBa Me30(hWIbHBIX a’3pO6HBIX M (haKyIbTa-
TUBHO-aHA3POOHBIX MMUKPOOPTaHU3MOB (B MOJIOKE) OCYILECTBIISIA T10
T'OCT 32901-20142, onpesiesieHyie KOTMYECTBA COMAaTUIECKUX KI€TOK —
o T'OCT 23453-20143. OnpenesieHne KOIMUECTBA JPOXKKEN U TIeceHein
mpoBoayy o T'OCT 33566-2015%

MaccoByIO JOTIO CyXUX BEIeCTB B CHIBOPOTKE OIMPENeNsii METOLOM
BbicymmBanus o TOCT 33957-2016°.

B KOHTPOJIBHBIX U OTBITHBIX ChIPaxX ONpenensiv GU3UKO-XUMUde-
CKMe TIOKa3aTeayu (MacCOBYIO IO BJIaru M aKTUBHYIO KUCIOTHOCTD) 10
T'OCT P 55063-2012°¢ 11 OCHOBHbIE OpPTraHONENTUUYECKIE XapaKTePUCTUKIA
(BKyC M 3arax, KOHCUCTEHIIMIO ¥ PUCYHOK) C MOMOIIbIO IeCKPUITOPHO-
npodupHOTO MeToza, MPUHUMAsI BO BHMMaHMe BbIPaKeHHOCTb OCHOB-
HBIX XapaKTePUCTUK BKyCa ¥ 3araxa (CbIPHbIN, KMCIOMOJIOUHBIN, COTIEHbII,
rapMOHUYHBIN) ¥ KOHCUCTEHIIY (HeXKHasl, IOMKasi, MyJHICTAas!, HECBSI3-
Hasl), XapaKTepPHBIX IJISI PACCOTbHBIX ChIPOB, OLEHMBAEMBIX T10 YCIIOBHOM
mikasie ot 0 1o 5 6a/u10B. MaccoByI0 OJIO JKMPa 3PEJIbIX ChIPOB B IIepecueTe
Ha CyXOe BelleCTBO OIpeJesisii KMCIOTHBIM MEeTO0M, & MacCOBYIO IO
[IOBAPEHHO1 COMM — KOHYKTOMEeTPUYECKMM METOIOM B COOTBETCTBUY CO
crangaptu3oBaHHbiMy B TOCT P 55063-2012° MmeTomuKaMu.

! TOCT P 55331-2012 «MOJIOKO ¥ MOJIOUHbIE TIPOIYKThI. TUTPUMETpUUECKNMii
MeTO[I OTIpefiesIeH sl CoiepskaHmst Kanbiiust». — M.: CtanmaptuHdopm, 2014. — 7 c.

2 TOCT 32901-2014 «Mo0KO ¥ MOJIOUHAs TPOAYKIMs. MeTosibl MMKPOGMOTIO-
ruyeckoro aHanmsa». — M.: Cranmaptundopm, 2015. — 25 c.

5 TOCT 23453-2014 «MoJIOKO cbhipoe. MeTozibl OmpefeneHns COMAaTUYeCKMUX
K1eTok». — M.: Cranmaptuudopm, 2015. — 14 c.

4 TOCT 33566-2015 «MoJIOKO 1 MOJIOUHas MPOAYKLMs. Onpenenenne apox-
SKeii U TIIIECHEBBIX IPUGOB».

> TOCT 33957-2016 «CbIBOPOTKA MOJIOUHAs M HATIMTKM Ha ee OcHoBe. [TpaBuia
MPUEMKM, 0TOOP P06 M METOAbI KOHTPOJIsi». — M.: CtanmaptuHdopm, 2017. — 16 c.

% TOCT P 55063-2012 «CbIpbI ¥ ChIPbI IUIaB/IeHbIe. [IpaBuIa MpuemMKi, 0T60p
1po6 1 MeTo/bl KOHTpOsIs». — M.: Cranmaptusdopm, 2013. — 28 c.

MaccoBylo [om0 asora OIpemensyii MeTomoM Keenbpans 1o
T'OCT P 54662-20117. CrereHb poTeonn3a — 0 OTHOIIEHUIO MaCCOBOM
IOV PacTBOPMMOTO a30Ta K MacCcOBOJ jone 061Iiero a3oTa, BBIpakeHHO-
My B IIPOLI€HTaXx.

ITpolecc ChIYY>KHOTO CBEPTHIBAHMS MOJIOKA MCCIENOBAIM Ha MUIOT-
HOJ yCcTaHOBKe, GUKCUPYST MOAY/Ib YIIPYTOCTM 06Pa3yIoOLIerocs: CrycTka
(&). ns atoro B MepHble cTrakaHuuky Ha 1000 cv® BHOCHM 1o 800 cm?®
MCC/IelyeMOro MOJIOKA, IOMeIaa MX B TepPMOCTAT M HarpeBaiy 10 TeM-
nepatypsl 37 °C. 3aTeM B KasK/Iblif cTaKaHYMK 006aB/sum 1o 1,0 cm3 Bof -
HOro pacTBopa ceruykHoro hepmenTa o 'OCT 34353-20178.

CHHepeTHYecKy CIIOCOGHOCTh refieil 1ccaeqoBaayu myTeM u3Mepe-
HMSI KOMMYECTBa BbIAeNMBLIeics nocae HeHTpudyrnpoBanus cbIBOpPOT-
KM, TIO KOTOPOMY CYZM/IM O CIIOCOGHOCTY reieil OTHaBaTh ChIBOPOTKY IIPK
cuHepe3ce, a TaKKe 0 Macce MOMyYeHHOro CrycTka. [Ijiss 3Toro Moaoko
C CBIYYKHBIM (hepMEHTOM OT/IMBAIV B MepHbIe IPagyMpPOBAHHbIE LIEHT-
pudyskHbIe MPobupky 06beMom 40 MiI. BeiiepskuBanu B TepMocTaTe npu
Temmeparype 37 °C B TeueHue 1 4. [Io ucTeueHUM 3TOr0 BpeMeHM LieH-
TpudyskHbIe TPOOUPKYU HeHTPpUdYrMpoBaay Ha JJabopaTOPHOI LIEHTPU-
yre OIMTH-8YXJI4.2 (OAO THK «[dacran», Kuprusus) B Teuenue 20 MuH
co ckopocThio 6000 06/MUH.

OrpeneneHye 061ero KOJIMYECTBA 3aKBACOYHBIX MUKPOOPIaHU3MOB
B MOJIOUHOJ CMeCH U ChIpe TPOBOAM/IM Ha TVIOTHOM MUTATeNbHO cpenie
KMA®AHEM npu (30+1) °C B TeueHne 72 u, a Takke Ha cpege MKM-1 nio
I'OCT 33951-2016°.

MaremaTn4yeckyro 06paboTKy IIOIYUYEeHHBIX Pe3ylIbTaTOB IIPOBOIVIIN
C YICTIO/Ib30BaHMEM JIByXBBIOOPOYHOTO t-TecTa ¢ pa3INYHbIMU JUCTIEPCH -
siMu B mporpamme Microsoft Excel 2010.

3. Pe3ynbTaThl M 00CYKAEHME

Pe3ynbTaThl MCCIeI0BaHMIi KaueCTBEHHbIX [T0Ka3aTesieil HaTypaabHO-
ro  AedpocTMpOBaHHOTO OBEULEro MOJIOKa MpeacTaBieHbl B Tabmuie 1
u Tabnuie 2.

DU3UKO-XMMUYECKIe IT0KA3aTeN 1 KOTMYeCTBO COMAaTUUECKIX KIIETOK
06pas1ioB OBEYbEr0 MOJIOKA, KOTOPbIE TIOBEPTaMCh UCIIBITAHVSIM, MMEIOT
pacxoxxnenue ¢ tpeboBanusimu TP TC/2013', roe ykasaHo, UTO B OBEYbEM
MOJIOKe MaccoBasi IoJist Gesika Io/KHa ObITh He MeHee 5,1%; maccoBast I0st
KUpa — He MeHee 6,2%; KOIM4YecTBO COMaTUUECKUX KJIETOK — He Gosee
500 ThIc. kneTok. Mccnemoanuss BHUMMC 2021-2022 IT. BbISIBU/IN HECOOT-
BeTcTBME 40% MCCIeNOBaHHBIX 00PA31I0B OBEULETO MOJIOKA IT0 STUM IT0Ka-
3aTesnsm Tpe6oBanusim TP TC 033/2013. ABTOpBI CBSI3bIBAIOT IAHHBIN (haKT
C TeM, 4TO 3a MMOCJIeqHYE TObI TIOSIBWIVCH MHbIE TTOPO/IbI OBEL], 0COGEHHO
MOJIOYHOT'O HaIlpaBJIeHVsI, COCTaB MOJIOKA KOTOPBIX He BCersia COOTBETCTBY-
eT Tpe6oBaHMsIM, 3a105keHHbIM B TP TC. DTO MOATBEPsKIAeTCS 1 UCCIeI0-
BaHusIMU Beepoccuiickoro HUU oBLieBOACTBa M KO30BOACTBA — (uinana
@®I'BHY «CeBepo-KaBkasckuii denepanbHblii HAyYHbBIN arpapHbIii [EeHTP».
ITosToMy B cTaThe mpMBeneHbl (akTHuecKue 3HAYEHUsI IoKasaTeneit
B 00pa3s1iax OBEUbEro MOIOKA, KOTOPbIE MOABEPTraliCh UCTTHITAHVISIM.

B pamkax skcmepyMeHTa ObIO OTMEYeHO He3HAUUTETbHOe YMEeHb-
LIIeHVe MacCOBO HOMM CyXUX BEIeCTB MOJIOKa (B cpefHeM Ha 1,5-2,0%),
B TOM uucie 6eska 1 Xupa nocie gedpocrauyn. ITo, B CBOIO 0YepPe/ib,
MPUBEJIO K CHVDKEHUIO TUIOTHOCTY U KUCIOTHOCTY IedpOCTMPOBAHHOIO
mosoka. [Ipy 3ToM MaccoBast 1oJst Kaiablus B 1e(GpOoCTUPOBAHHOM MO-
JIOKe CHM3WIACh B Gosblieii crerienn, B cpenHeM Ha 20%. [TomyueHHbIe
pes3y/bTaThl COIIACYIOTCSI C JAHHBIMU MCCIeoBaHui [23], roe 6bu10 yeTa-
HOBJIEHO V3MEHEHMe COJIeBOTO GajiaHCa M YMEHBIIEHUE COMepsKaHMsI
PacTBOPMMOTO KaJIbLMsI CPa3y MOC/Ie OTTAaMBaHMS MOJIOKA.

B Hamem 3KcriepuMeHTe XpaHeHMe B 3aMOPOXeHHOM COCTOSIHUM
u Tocenyouas gedpocraiysi OBeUYbero MojoKa He 0Ka3aiy 3HaYMMOro
BJAMSIHUST KaK Ha 06Iee KOIMYeCTBO MUKPOOPraHU3MOB, TaK M Ha JKU3-
HEeCTIOCOGHOCTh CITOPOBBIX a3POOGHBIX MMUKPOOPIaHM3MOB U TUIECHEBbBIX
rprGOB. BbISIBIEHHOE CHVKEHYE KOMMYecTBa 6aKTepuii B MCC/IeTOBaHMUSIX
[15,17], BO3MO3KHO, CBSI3aHO C GOJIbIIIEI IJIUTETbHOCTbIO XPAHEHUST MOJIO-
Ka B 3aMOPOKEHHOM COCTOSIHUM (10 12 mec).

BbIJIO YCTAaHOBJIEHO CYIECTBEHHOE CHIKeHMe (6osee, ueM B 4,5 pasa)
KOJIMYeCTBA COMATMUYECKUX KIeTOK B 1epOCTMPOBAaHHOM OBeYbeM MO-
soke. [TaHHBIN (aKT SIBISIETCSI XapaKTePHBIM U IJISI IPYTUX BUOOB nedpo-
CTMPOBAHHOI'O MOJIOKA, B TOM 4MCJIe KO3bero [37].

" TOCT P 54662-2011 «CbIpbl ¥ CbIpbI MIaBieHbie. ONpeenenne MaccoBoit
o 6eka metogom Keenbaasnsi». — M.: Crangaptundopm, 2012, — 16 c.

8 TOCT 34353-2017 «IIpenapatbl (epMeHTHbIE MOJOKOCBEPTIBAIOLINE KM~
BOTHOTO Ipoucxoxaenus cyxue. Texuudeckue yciosusi» — M.: CtangaptuHbopm,
2018. — 45 c.

® TOCT 33951-2016 «M0/IOKO 1 MOJIOUHbIE MPOAYKThL. MeTo/bl Onpe/ieieHust
MOJIOUHOKMC/TBIX MUKPOOPraHm3moB». — M.: Crangapturdopm, 2017. — 9 c.

OTP TC 033/2013 Texuuueckuii pernamMeHnT TamokeHHOTO coro3a «O Gesonac-
HOCTY MOJIOKA ¥ MOJIOUHO¥ nponyKuyu». [IpunsT Pemennem CoBeta EBpasuiickoit
9KOHOMMYECKO Komuccuu ot 9 okTs6pst 2013 roma N2 67.
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Tabnmuua 1. ®U3UKO-XMMMYECKYe I0Ka3aTeI OBeYbero MOJIoOKa
Table 1. Physico-chemical parameters of sheep’s milk

MaccoBas mons, %

BapuaHTBI
Kupa Geska
HaTtypanbHoe oBeUbe MOJIOKO 5,6%0,5 49+0,1
TedpocTpoBaHHOE OBEUbE MOJIOKO 5,5+0,5 4,8%+0,1

MaccoBas monst Turpyemast

% IInoTHOCTH
Ka/IbIms,* KUCJIOTHOCTb, ’

COMO mr/100 T o Kr/m>?
17,8+0,6 185%15 22,0+1,0 1033,8+0,2
17,6%0,7 152+15 21,0+1,0 1033,0+0,2

Ipumeuanue: cpegHye 3HAUEHNS B CTOIOLIAX He MMEIOT 3HAUMMBIX Pa3Inuuii, KpoMe CTONOIa cO 3HAUKOM «*» (p<0,05), uncio crerneHei cBo6ombl n=4.

Tab6nuiia 2. MUKpOGHOIOrMYecKye IoKa3aTeju OBeYbero MojioKa
Table 2. Microbiological parameters of sheep’s milk

KMA®AHM, JposxoKu,

Bapuanst KOE/cm® KOE/cm®
HarypanbHoe oBeube MOJIOKO (2,90£0,14)x 10* <50
TedpocTpoBaHHOE OBEUbE MOJIOKO (3,80£0,12)x 10* <50

IInecHeBbie KonnuectBo CHODOBBIE A3D0GHI
rpusHI, COMAaTHYECKUX KIeTOK,* pKOE /CM-? ’
KOE/cm® TBIC. KJI/CM>
8£2 (1,50%0,15)x 10° (1,8+0,1)x 10?
4*1 (3,30%0,15)x 10° (1,7£0,1)x 10?

Tpumeuanue: cpegHMe 3HAYEHNS B CTOIOIAX HE MMEIOT 3HAUMMBbIX pasyinunii (p<0,05), uncio creneHei cBO60Ibl n=4.

PesynbTaThl OLIEHKM CIIOCOGHOCTY HaTYPaJIbHOTO U AedpPOCTUPOBaH-
HOTO OBEYbero MOJIOKA K ChIUY’KHOMY CBEPTBIBAHMIO U CMHEpEeTUYeCcKIe
CBOJICTBA ITOJ[y4Y€HHOTO CTYCTKa KaK OCHOBHbIE KPUTEePUM OLLeHKM ChIPO-
MIPUTOJHBIX CBOJICTB MOJIOKA ITpefCTaB/leHbl Ha PucyHkax 1, 2.

AHanu3 MolydyeHHBbIX pe3yabTaTOB IOKa3ajl OTCYTCTBME 3HAUMMOIO
BAMSIHMS TIpolecca 3aMOPaskMBaHMsI OBeYbero MOJIOKa Ha ero TeXHOJIO-
ruyeckye cBoicTBa. [IpoOfODKUTETBHOCTh 06PA30BaHMSI CIyCTKA B 060UX
BapMaHTaX OBeUbero Mosioka cocrasisuia (35+1) muH (PucyHok 1). IIpu
9TOM paHee BbISIBIEHHOE CHMKeHMe MacCOBOJ 10/IM KajblMsl B OBEUbeM
Mosoke rnocsie gedpocranuy (Tabnuua 1) B JaHHOM 9KCIIepUMeHTe He
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Figure 1. Process of milk renneting
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PucyHok 2. YpoBeHb cuHepe3uca CryCTKOB
Figure 2. Level of syneresis of clots

oKasaso BiausiHMS Ha a3y ¢uokynsuym cryctka. Bo3aMokHO, 3TO CBSI3aHO
¢ GOBIIMM COZlepP’KaHMEM KasblLiMsl B OBeYbeM MOJIOKe (TIOUTH B 2 pasa
BbIIlIe, YeM B KOPOBbeM [3]), 1 BbISIBIEHHOE CHIDKEHMe CofepyKaHusl Kajlb-
Ms B MOJIOKe Tociie nedpocrauym He 6bUI0 KPUTUYHBIM AJIST ITpoLecca
06pasoBaHMs CrycTKa.

@epMeHTaTVBHAsI (ha3a OBEUbETO MOJIOKA HAYMHAETCSI PaHbIIIe U 3aKaH-
yuBaeTcs GpIcTpee B cpefHeM Ha 22%, 4eM Y KOPOBbETO MOJIOKA. ITO O3HA-
YaeT, YTO TOTOBHOCTD CT'YCTKA M3 OBEYbEr0 MOJIOKA 060X BapMAHTOB Ha-
CTYIUT paHbliie Ha (8+1) MUH, YeM Y KOPOBbEro MOJIOKA, TIPY OIMHAKOBO
[103e MOJIOKOCBepThIBaioniero gepmenTa. [Io MHEHMIO aBTOPOB, GOJbIIIAS
CKOPOCTh (hepMeHTAaTUBHOM (ha3bl OBEYbETO MOJIOKA CBSI3aHA C GOJbIIei
KOHIIeHTpauueii cyberpara (kazenHa). [I0CKOIbKY MaccoBast OISt Ka3enHa
B OBEYbEM MOJIOKE BBIIIIE, TO ¥ Pe3y/IbTaTVBHbIX B3aMMOJIECTBIIT MOEKYI
epmenTa ¢ MyLe/UIaMy GymeT 6osblie (TIPMMEPHO BO CTOIBKO JKe pa3).

VpoBeHb cuHepe3ca (KOMMYeCcTBO CIBOPOTKY, BBIIEMBIIEICS 13 CTYCT-
Ka rpu LeHTpudyrnpoBaHum, PUCYHOK 2) ITOKa3asl pasinyumsi MeKIy CrycT-
Kamu, TIOTyYeHHbIMI 13 HATYPaJbHOTO U 1e(POCTMPOBAHHOTO OBEYbETO
MOJIOKA: B HaTypaJbHOM MOJIOKE KOJIMUECTBO CbIBOPOTKMY, BbIJEMMBILENCS
U3 CTYCTKOB, YBeJIMUMIOCh (Ha 16+ 1%) B cpaBHeHMM C 1eDpOCTMPOBAaHHBIM
MOOKOM. O6beM CbIBOPOTKM, BbIIEIMBIIENCS U3 CTYCTKOB KOPOBBETO MO-
JI0Ka, 6611 Ha 49 % 1% 6orbliie, 4eM 06beM CbIBOPOTKY U3 CI'YCTKOB OBEULETO
HATypaJIbHOTO MOJIOKA. BepOsITHO, 9TO CBA3aHO C GOMBIIUM COAEPsKaHUEM
6eika B OBeYbeM MOJIOKE B CPaBHEHMM C KOPOBBYMM MOJIOKOM, KOTOPBIA OT-
BETCTBEHEH 3a MPOLeCCh YAePKMBAHMS BJIArY CTYCTKOM.

CbIpbl BbIpabaThIBaIM U3 I€BHOTO HATYpaabHOrO U AedpocTupo-
BAHHOTO OBEYHhEro MOJIOKA IO TPaJULIMOHHONM MJIST PAcCONbHBIX ChIPOB
TEXHOJIOTMYeCKoi cxeMe. OCO6eHHOCTBIO BBIPAGOTKM PACCONMbHBIX CHIPOB
SIBJISIETCSI CO3peBaHue B paccosie. [loBapeHHast CO/ib KaK KOHCEPBAHT WH-
rM6UpyeT pasBUTHE 3aKBACOYHBIX MUKPOOPTaHM3MOB, TIOITOMY UCITOIb-
3YIOTCSI TEXHOJIOTMUYeCKMe TpyUeMbl CTUMYIMPOBAHMSI MOJIOYHOKUCIOTO
rporiecca 0 TOMeIleHNsI CBIPHO TOJIOBKM B paccoit. C 3TO¥ 1esbIo Ipo-
BOZVIM BBIIEPXKKY CbIpa B TepMOKaMepe Ipu Temiiepatype 28+ 2 °C, on-
TUMAaJIbHOM JI7IS1 pa3BUTHSI Me30(DUIbHO MUKPOQIIOPBI, 10 JOCTVKEHMS
omnpeJielleHHOro ypoBHsI pH Kak MapKepa aKTMBHOCTY MOJIOYHOKMCIOTO
nporiiecca. HaGmomeHust 3a CHISKEHVEM aKTUMBHOI KUCJIOTHOCTU He TI0-
Kasany OTIN4YMII MeXIy BapuaHTamu: yepe3 17+ 1 4 BbII@P>KKY YPOBEHb
pH B chIpHOIt Macce M3 HaTYpaabHOrO MoJoKa cocrtaBmi 5,25+0,05 en.
pH; B cbipe n3 medpoctupoBanHoro mosmoka — 5,30+0,05 ex. pH. He3Ha-
YyyTeNbHbIe OTINYMSI ObLIM BBISIBJI€HBI B CTEMEHU Iepexofa CyXux Be-
IIeCTB B CBIBOPOTKY: B MP0O0ax C HATypaJibHBIM MOJIOKOM OHA COCTaBMU/Ia
7,10%0,21%, ¢ nedpocTpoBaHHBIM MOJTOKOM — 7,32+0,26%.

OmHMM U3 KPUTEpHUeB OLIEHKM MPOoIecca BHIPAGOTKM ChIpa SIB/ISETCS
YPOBEHb MOJIOYHOKMCIIOTO GPOXKEHVSI BO BpeMst 06paGOTKY CHIPHOTO 3ep-
Ha ¥ Ha JTarle CoO3peBaHMsI CbIPa, OL[eHVBAEMBbIi T10 IIPUPOCTY 3aKBACOY-
HBIX MOJIOYHOKVC/IBIX MUKpoopraunsmos (Tabanma 3).

IlaHHbIe, IpUBeNeHHble B Tabmuiie 3, MOKa3bIBAIOT, YTO KOIUYECTBO
3aKBAaCOYHBIX MUKPOOPTaHM3MOB, BHECEHHBIX B CMECh IJIsi BHIPAOOTKYU
cpIpa, B 000MX BapMaHTax HAXOAWIOCh HA BBICOKOM YpOBHe. Boimep-
SKKa ChIpa Mpy 6aarornpusTHbIX A/ Me30(GMIbHBIX MUKPOOPTaHM3MOB
TeMIIepaTypHbIX YCIOBMUSIX O MOMEHTa IOMelLleHNMs TOJIOBKM B Paccoi
U CHVMSKEHUSI TEMITePaTyPbl CIPHOI MacChl CTUMY/IMPOBAa POCT 3aKBa-
COYHOI MUKPOGIIOPBI, €e KOMMYECTBO YBEIMUMIOCh Ha MOPSIOK. DTOT
MpyeM TO3BOMIMI U Ha 5 CYT CO3peBaHusl HAOMIO#aTh He3HAYUTeTbHOe
(B 2 pasa), HO CTaGMIbHOE YyBeIMUEHMEe KOIMUYECTBA 3aKBACOUHBIX MM-
Kpoopranu3mMoB. CKOPOCTHM IPOLIeCCOB PA3BUTHUSI MUKPOGIIOPHI HE OT/IN-
Yajych APYT OT Apyra [0 BapyaHTaM. DTO COIJIACYeTCsI CO 3HAUEHUSIMU
aKTUBHO KUCIOTHOCTH B cbIpe (Tabnuiia 4).
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Tabnuya 3. isMeHeHye 3aKBaCOYHBIX MMKPOOPTraHM3MOB B CMeCH J1J151 BBIDAGOTKM ChIPa M B ChIPax BO BpeMsi BBIDAGOTKM U CO3PEeBaHMS
Table 3. Change in starter microorganisms in the mixture for cheese making and in cheeses during making and ripening

OT60p P06 Ha pasHbIX ITANAX TEXHOJIOTMYECKOIO Ipoiecca

BapuaHTBI cmech

ChIp 13 HATypaJIbHOTO OBEYbETO MOJIOKA (2,3+0,2)x 107

ChIp 13 1epOCTUPOBAHHOTO OBEULETO MOJIOKA (2,0+0,2)x 107

CBIp TIOC/Ie
TepMOKaMepbl
nepep, NOCOJIKOM

ChbIp Imocie

5cyr
caMoInpeccoBaHms

KonnuyecTBo mukpooprannsmos, KOE/r
(8,3+0,3)x 107 (9,6%0,4)x 108
(7,8+0,4)x 107 (8,7%0,5)x 108

(2,0£0,2) x 10°
(1,7£0,5)x 10°

Tpumeuanue: cpegHMe 3HAYEHNS B CTOIOIAX HE MMEIOT 3HAUMMBbIX pasyinunii (p<0,05), uncio creneHei cBo60Ibl n=4.

Tabnuia 4. ®U3UKO-XUMIYECKME II0KA3aTeIN ChIPOB
Table 4. Phisico-chemical parameters of cheeses

TouRM KOHTPOJISA

Bapmantst mocjie caMmo- nepep, 5¢
MpeccoBaHMUsI  IOCOJIKOM yT
AKTHBHasi KUCUIOTHOCTB, efi. pH
ChbIp U3 HATYPaIbHOTO 4 N N
OBEULETO MOJIOKA 5,37+0,05 4,98+0,06 4,71+0,06
CpIp 13 1edpOCTUPOBAHHOTO 4 N N
OBEULOTO MOIOKA 5,42+0,05 5,04+0,05 4,68+0,07
MaccoBag mons Binaru, %
CbIp 113 HATYPAILHOTO 61,505 60,404  59,2%0,6
OBEYbEero MOJIoKa ’ ’ ’ ’ ’ ’
CoIp 13 fedpoCcTMPOBaHHOTO 60,6+0,4 59,040,6 58,5+0,5

OBE€YbETro MOJIOKa

Ipumeuarue: cpenHye 3HAUEHMS B CTONIOLAX HE MMEIOT 3HAYMMbIX PasINumii
(p<0,05), uncio creneHeit cBOGOALI N=4.

Kak cnemyet u3 Tabnuiibl 4, aKTUBHAsT KUCIOTHOCTH (PH) 1 MaccoBast
ILOJISI BJIarM B ChIpax 10 BapMaHTaM 3Hau¥MO He OTVIMYaNNCh APYT OT IPY-
ra. MaccoBast 1071 JKMpa B CyXOM BeIlleCTBE B KOHTPOJIbHBIX U OTIBITHBIX
CchIpax HaxoAamiaach B AuamaszoHe oT 50,2% mo 49,0%, a maccoBasi oSt
conu — ot 2,8% 1o 3,5%.

TTocsie co3peBaHusI B TeUEHME 5 CYT YacCTh ChIPOB U3 HATYPaTbHOTO MO-
soKka 3amMoposunu Ha 90 cyT npu TemmnepaTtype MuHyc 18 °C.

CpaBHUTeNbHbIE Pe3Y/IbTaThl M3MEePeHNsT a30TUCTHIX BEIIeCTB B ChI-
pax KOHOMIMOHHOTO BO3PAcTa U B CbIpe, 1epoCTPOBAHHOM IOC/IE Xpa-
HeHMSI IPU OTPUIATEbHBIX TeMIIepaTypax, npuBefeHs! B Tabmuiie 5.

O 6MOXMMUYECKUX TMpeBpalleHMsIx GeTKOBOM MaTPULIbI CBUIETENb-
CTBYET ypoBeHb Mporeonu3a. Cy[is Mo MOTyYeHHbIM pe3yibTaTaM, J0-
CTOBEpHBIX Pa3INuMii MeXKIy BapMaHTaMM B CTeNleHM IpOTeonu3a He
06HaAPY)KeHO, OTHAKO MOKHO OTMETUTh TeHIEHLIMIO K TOPMOYKEHUIO TIPO-
TEONUTUYECKMX TTPOIIeCCOB B ChIpe M3 3aMOPOKeHHOTO MOJIOKA U B 3a-
MOPOKEHHOM ChIp€e, BbIpAOOTAaHHOM M3 HaTypaJbHOrO MOJIOKA. B 3Tmx
ke 06pasiax OTMevaeTcs: CHiskeHue 6yGepHoit eMKOCTY ChIPHOI MacChl
B CpPaBHEHMM C CbIpaMU M3 HaTypaJbHOIO MOJIOKA. MOKHO IIpeJIiosno-
SKUTB, YTO 3TO MOYKET ObITh CBSI3aHO C COKpAIlleHMEM KOJIMYeCTBa MIHe-
pabHBIX BEIeCTB B MOJIOKE TPV 3aMOPakMBaHUMA.

ITo pesynbTaTaM OpraHoIENTUYECKOIi O1leHKM (PUCYHOK 3), Bce 06pas-
LIbI CBIPOB XapaKTepM30BaINCh CTa00BbIPAKEHHBIM CHIPHBIM BKYCOM, UTO
TUIIUYHO JIJISI PACCOTBHOTO ChIPa C KOPOTKUM CPOKOM co3peBaHusl (5 CyT).
JOMVHMPYIONMMY HOTaMJ BKYCOBOTO GyKeTa GbUIM YMEPEHHO COMEHbIN
¥ KUCJIOMOJIOUHBI BKycbl. OBeube MOJIOKO 06OTaTMIO BKYCOBOI GyKeT
CBIPOB OPUTMHATBHBIMM XapaKTePHBIMU HOTAMU, TIPULAJI0 TaPMOHNY-
HOCTb ITOCIEBKYCHIO. 3aMOpakiBaHMe MOJIOKA ITPAKTUIECKY He OTpasu-
JIOCh Ha BKYyCEe U 3araxe BbIpabOTaHHOTO ChIpa. 3aMOpaXXuBaHUE ChIpa,
BbIPAaGOTAHHOTO 13 HATYPaJbHOTO MOJIOKA, HE BbI3BAJIO MOSIBJIEHNS I10-
CTOPOHHMX NPUBKYCOB U 3alaXoB, OAHAKO yXY[IINIO BOCIPUSITHUE Tap-
MOHMYHOCTY BKYCOBOTO GyKeTa.

HauGonpiime pasnnumsi MexOy BapMaHTaMu ObLIM OTMeYeHbI Mpu
OlleHKe KOHCUCTEeHUMM ChIpOB. Tak, CbIp U3 HATypajibHOIO OBEUYLETO
MOJIOKa MMeJI HEeXXHYI0, cJlerka JIOMKYI0 KOHcKcTeHIMIo. KoHcucTeHImst
CbIpa, BRIPAOOTAHHOTO 13 AedPOCTMPOBAHHOTO OBEUbEr0 MOJIOKa, 6blia

CBIPHBII
5

HeCBsI3Has KHCJIOMOJIOYHbII

MY4YHHUCTasA COJIEHBIH

JIOMKast FapMOHl/l‘lelﬁ

HeXKHasA

@ CLIp 3 HATYPAIBHOTO MOJIOKA
@ CHIp U3 1e()POCTUPOBAHHOTO MOJIOKA
CBIp Hocie AehpocTaluy U3 HaTypaIbHOTO MOJIOKA

PucyHok 3. [IpodumorpaMmsbl BKyca ¥ KOHCUCTEHIIUY CBIPOB

"3 OBeYbero MOJIOKa
Figure 3. Profilograms of taste and consistency of cheeses from sheep’s milk

TO’Ke JOCTATOUHO HeKHasl, HO CJierka MyuHucTas 1 6osee jjomkasi. O6pa-
3ell, XpaHsImuiics B 3aMOPO’KeHHOM Bujie B TeueHue 90 CyT, mocye Je-
dpocrauum xapakTepu30BajaCsS MYYHUCTONM, KPOILIMBOI M HECBSI3HOM
KOHCHUCTeHIIMeNn.

4. BeIBOABI

[IpoBemeHHbIE MCCIEOBAHMS [T0KA3aaM, YTO B YCIOBMSIX IKCIIEPHU-
MeHTa PEXMMbI 3aMOPaXXMBaHUS U HedpocTalyi CyleCTBEHHO He I10-
BJIMSITV HA M3MEHeHMe COCTaBa OBEYbero MOJIOKa (MacCOBOI TOMU CyXMUX
BEIIeCTB, B T. Y. MACCOBON HOMM Kupa U Oeska), OIHAKO MaccoBast OISt
Kanblus ymeHblimaach Ha 20%. KonuuecTBO coMaTMuyeCKUX KIETOK
CHM3WIOCH B CPAaBHEHMM C KOHTPOJIEM B CpefqHeM B 4,5 pa3a. 3aMmopaku-
BaHMe MOJIOKA He 0Ka3aJio 3HaUYMMOTO BJIMSHUSI Ha 00OIee KOIMYECTBO
MMKPOOPTaHW3MOB, B TOM YMCJIe HA KOJMYECTBO CIIOPOBBIX a3pPOOHBIX
MMKPOOPTaHM3MOB U IIJIECHEBBIX IPUGOB.

3aMopakMBaHMe He 0Ka3ajao CYIIeCTBeHHOTO BJIMSHMUS Ha MPOIEeCC
CBIYY)KHOTO CBEPTBhIBAHMSI, OJ{HAKO BbI3BAJIO HE3HAUMTEIbHOE YXY/Ille-
HME CUHEPeTHYEeCKOii CIOCOGHOCTU CTyCTKa U3 HedpoCTMPOBAHHOTO
MOJIOKa.

DU3UKO-XUMUYECKIUI COCTAB M BKYCOBbIE XapaKTepUCTUKU PACCOMbHO-
TO ChIpa, BEIPAOOTAHHOTO U3 1edPOCTMPOBAHHOTO MOJIOKA, CYI[ECTBEHHO
He OTIMYaINCh OT aHAJOTMUHBIX ITOKa3aTejeil KauecTBa CbIpa M3 HATy-
paIbHOTO OBEYHETO MOJIOKA, OHAKO B KOHCUCTEHIIMY BTV OTMEUEHbI He-
KPUTUYHbBIE PA3INIMs (TTOSIBJIEHMEe TIOPOKOB: CIeTKa MyYHMUCTAsT, IOMKAsT).

XpaHeHMe cbIpa 13 HATYPaTbHOTO MOJIOKA TP OTPULIATENIbHBIX TEM-
repaTypax He 0Ka3aso BIMSHMS Ha BKyCOBbIe XapaKTePUCTUKM CbIpa, HO
MpUBENO K CHMKEHUIO OLIEHKM 32 KOHCUCTEHIMIO. [l yCTaHOBIEHMSI
ONTMMAaJIbHOV MPOAOIKUTENTBHOCTM XPaHEeHMSI CbIpa B 3aMOPO’KEHHOM
COCTOSIHUM HEO6XOHI/IMI:I OOITIOITHUTEJIbHbIE UCC/Ied0BaHMsI.

Ta6nuua 5. CogepskaHue a30TUCTHIX BEIIECTB B ChIPax
Table 5. Content of nitrogenous substances in cheeses

Iloka3aTenb
BapuaHThbI MaccoBas g0 Maccosas nost CremeHs MaccoBas fonss ~ Bydepnas €MKOCTD
o, PDPacTBOPMMOro o HeGe/IKOBOro BOJOPaCTBOPUMO¥
obero Genka, % 6enka, % nporeommsa, % asora, % dpakuun*, MMOJIb/1
ChpIp 13 HaTypaabHOTO OBEYLETO MOJIOKa 19,9+0,5 1,2£0,2 6,0+0,2 0,11+0,02 1,11+0,04
ChIp 13 1epOCTMPOBAHHOTO OBEYbETO MOTOKA 19,7+0,5 1,1+0,2 5,6%0,2 0,10+0,02 0,99+0,02
CrIp nedpocTMPOBaHHBINM U3 HATYPAJILHOTO MOJIOKA 19,7+0,5 1,0+0,2 5,1%£0,3 0,10+0,02 0,99+0,02

IIpumeuaHue: cpepgHYe 3HAUEHMS B CTOIOIAX HE UMEIOT 3HAUMMBIX PasjIMuMii, KpOMe CTONOLA CO 3HAUKOM «*» (p<0,05), 4ncio cTerneHeit cB060AbI n=4.
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IMPACT OF DIFFERENT DRYING TREATMENTS ON THE BIOCHEMICAL
AND ANTIOXIDANT ACTIVITY PROPERTIES OF EGYPTIAN RED BEETROOT
Eman A. Shehatta, Salah H. Abo-Raya, Ahmed A. Baioumy*

Food Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt

ABSTRACT

This paper aims to provide an overview of the main findings and conclusions of the research on freshly sliced Egyptian red
beetroot (Beta vulgaris). Beetroot belongs to the botanical family of Chenopodiaceae and encompasses various variations
with bulb hues that span the spectrum from yellow to crimson. It is known that the ethanolic extract from beet contains
many health-beneficial and bioactive chemicals, such as alkaloids, carotenoids, phenols, tannins, and flavonoids; it also con-
tains vitamins C, B3, B6, and B9. Hence, the beetroot extract exhibits both antioxidant and nutritional properties. The study
was conducted to investigate the effects of two different drying processes, oven-drying (OD) and freeze-drying (FD), on the
physicochemical qualities of betalain pigments and antioxidants. Overall, freeze-dried (FD) samples demonstrated superior
retention of beetroots proximate composition when compared to those dried in the oven. This was observed in terms of min-
erals and antioxidants, with freeze-drying resulting in higher levels of these components compared to oven drying. On the
other hand, reductions in some phenolic compounds were found in the samples treated with the freeze-drying method when
compared with the oven-drying method. It was proven that red beets have a lot of phenolic compounds, including kaempferol,
caffeic acid, vanillic acid, gallic acid, catechin acid, rutin, hesperidin, naringin, quercetin, and ferulic acid.
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BIINAIHUE PA3JINYHbBIX CHQCOBOB CYIIKU HA PI/IOXI/IMHU‘IECKI/IE
N AHTUOKCUIJAHTHBIE CBOUCTBA ETUITETCKOU KPACHOMU CBEK/JIBI
Illexata E. M., A6o-Paiis C.X., Batomu A. A.*

Kadenpa nuiessix HayK, CenbcKOX03siicTBeHHbIN hakyabTeT, Kaupckuityausepcuret, [13a, Erunet

KJIFOYEBBIE CJIOBA: AHHOTALIA
ceeksia, bemanaumel, Llesb JaHHO CTaThby — MPENCTaBUTh 0030p OCHOBHBIX PE3Y/IbTaTOB MCCIENOBAHMS CBEKEHAPE3aHHO erMIIeTCKOM KpacHOoi

https://www.fsjour.com/jour
HayuHas craTbs
Open access

eHono8blE cBekbl (Beta vulgaris). CBekJia OTHOCUTCS K 60TaHMYeckoMy cemeiicTBy Chenopodiaceae v BKio4aeT B ce6s pa3inuHble pas-
coeduHeHus, HOBMJIHOCTH C JIYKOBMYHBIMI OTTEHKaMM, KOTOpbIe OXBAThIBAIOT CIIEKTP OT YKEITOTO 10 MaJMHOBOTO. VI3BeCTHO, UTO 3TAHOJIO-
aHMuUoOKCUOaHmMHas BbIIi 9KCTPAKT CBEKJIbI COAEPKUT MHOTO ITOJIE3HBIX [IJIS1 3A,0POBbSI U OMOIOTMYECKM aKTUBHBIX BEIIIECTB, TAKMUX KaK aJIKaIOUIbI,
aKkmueHocms, KapOTMHOMIBI, HEHOJIBI, IyOUIbHbIE BelecTBa U (hriaBOHOMIbI; OH TakKe comepskuT Butamuusbl C, B3, B6 u B9. Takum o6pa-
CyONUMAayUoOHHAs 30M, 9KCTPAKT CBEKJ/IbI 06JIafaeT KaK aHTMOKCUIAHTHBIMM, TaK M MUTATEIbHBIMU CBOVICTBaMu. ViccienoBaHue 6bUIO TTPOBe-
cywka IIEHO C IeJIbI0 M3YUEHMS BIMSHMS IBYX PA3IMUHBIX IIPOLIECCOB CYIIKM — CYLIKM B yXoBoM Ikady (OD) u cy6nmumManmoHHO

cymiku (FD) — Ha GU3MKO-XMMUUECKME CBOJCTBA MUTMEHTOB GeTasiaiHa ¥ aHTMOKCUIAHTOB. B 11€710M, 00pasiibl CBEKIIBI,
MOJBEPTHYThIE CYOIMMaIMOHHOM cyiike (FD), MpofeMOHCTPUPOBAIN JTydlllee COXpaHeHMe VICXOLHOr0 COCTaBa 1o CpaBHe-
HMIO ¢ 06pa3liaMu, BHICYLIEHHBIMY B IyXOBKe. DTO GbIJIO OTMEUEHO B OTHOIIEHUM MUHEPAIOB ¥ aHTUOKCUIAHTOB, TIPU 3TOM
CcyGnMMalMOHHast CYIKa IIpuBesia K 60Jiee BhICOKOMY COEPsKaHMIO ITUX KOMIIOHEHTOB 10 CPaBHEHUIO C CYIIKOM B YXOBOM
mkady. C apyroit cTopoHsl, B 06pasiiax, 06paboTaHHBIX METOLOM CyGIMMAIMOHHO CYLIKY, 6bIII0 06GHAPY)KEHO CHIDKEHVE
cofiepskaHusl HEKOTOPBIX (DEHOJIbHBIX COeMHEHMII 10 CPABHEHMIO C METO[IOM CYILIKM B TIeu. BbUTo JoKa3aHo, YTO B KPacHOI
CBEKJIe COIePKUTCSI MHOTO (DeHObHBIX COeIMHEHMIA, B TOM umcie KeMidepos, KodeiiHas KMCI0Ta, BAHMIbHAS KUCTOTa, Taj-
JIOBast KMCJIOTa, KATEXMHOBASI KUCJIOTA, PYTUH, TeCTIePUIVH, HAPUHTUH, KBepLeTHH 1 dhepyaoBast KUCIOTa.

BJIATOOAPHOCTD: ABTOpBI BhIpaXKaloT ITy6OKYIO MPU3HATETbHOCTH Mpodeccopy mokropy Mone M. A6mens-Marug, npodeccopy Kadbeapsl mm-
IeBBIX HayK, CEJIbCKOXO03sI/ICTBEHHOTo (aKyibreTa Kanupckoro yHMBepCMUTeTa, 3a €e 3HAUUTeIbHbIe YCUIIMS UTIOAAEPKKY IIPY MTPOBEIEHUN ITOTO
MCCTIeIOBaHMSL.

1. Introduction the cold climate promotes the development of the vibrant red pigment

The Chenopodiaceae family consists of the red beetroot (Beta vulgaris)
[1]. The family Dicotyledonous and the genus Chenopodiaceae include ap-
proximately 1400 species that are classified into 105 genera [1]. The spe-
cies belonging to the genus Beta vulgaris include Beta vulgaris ssp. mari-
tima, Beta vulgaris ssp. vulgaris, and Beta vulgaris ssp. adanensis [2]. The
beetroot is an edible root of robust or tapered structure. The roots exhibit
a globular or cylindrical morphology and display a range of colors, includ-
ing red-purple, golden yellow, or red-white, which is contingent upon the
specific beet cultivar. Beets are readily available throughout the year, and

FOR CITATION: Shehatta, E. A., Abo-Raya, S. H., Baioumy, A. A. (2024).
Impact of different drying treatments on the biochemical and antioxidant activ-
ity properties of Egyptian red beetroot. Food Systems, 7(1), 151-156. https://doi.
org/10.21323/2618-9771-2024-7-1-151-156

in the beetroot. The harvesting period for beetroot in summer typical-
ly ranges from 75 to 90 days after planting, while in winter it extends
to 100 to 120 days after planting. The availability of nitrogen controls
the amount of beet sugar during the initial stages of development [3].
Beetroot has historically been used in traditional medicine for the treat-
ment of several ailments, such as dandruff, stomach and joint discomfort,
constipation, and other related conditions [4]. Recently, red beet extract
has been used as a pharmacological intervention for hypertension, in ad-
dition to its recognized properties as an antioxidant and hypoglycemic

OJId UUTUPOBAHUNS: lllexara, E. M., AGo-Paiis, C. X, Batomu, A. A.,(2024).
BnusiHMe pasnIuMuHbIX CIIOCOGOB CYIIKYM HA OMOXMMMYECKME UM aHTUMOKCUIAHT-
Hble CBOJICTBA €TMIIETCKOM KpacHOi cBekibl. [Tuujessie cucmemst, 7(1), 151-156.
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agent [5]. Root vegetables, namely beets, include a variety of essential
nutrients, including carotenoids, nitrates, flavonoids, vitamins, and min-
erals like calcium, magnesium, potassium, salt, phosphorus, copper, iron,
zinc, and manganese. Betalains refer to a class of plant pigments that
possess nitrogen and are capable of dissolving in water. The chemical
structures and compositions of two betalains, namely betacyanin (a red
pigment) and betaxanthin (a yellow pigment), have been ascertained.
Beetroot is a highly abundant source of betanin pigment, which serves
as a valuable component in dying various culinary products with visually
appealing red or yellow hues. The determination of beetroot types and
redness is contingent upon the proportion of betacyanin and betaxan-
thins, as established by [6]. According to [7] betaxanthin can be classified
into two distinct varieties, namely vulgaxanthin-I and vulgaxanthin-II.
The shell of beetroot was found to contain betacyanins, which include
betanin, prebetanin, isobetanin, and neobetanin [8]. Betanin, an active
component found in beetroot, comprises a significant proportion, rang-
ing from 75% to 95%, of the total betacyanin content. The synthesis of
betalain is initiated with the amino acid tyrosine.

There are a lot of phenolic compounds and phenolic acids in red
beetroot [9]. These include catechin and epicatechin, as well as vanillic,
p-coumaric, caffeic, protocatechuic, and ferulic acids. Previous studies
have demonstrated that betalains exhibit favorable bioavailability and
stability in the gastrointestinal tract, hence enhancing their potential as
functional foods [10]. Numerous studies have indicated that beetroot is a
significant source of phytochemicals that possess the ability to promote
overall well-being. The antioxidant, anti-inflammatory, anticarcinogenic,
and hepatoprotective properties of beetroot polyphenols, carotenoids,
and vitamins contribute to the prevention of diabetes, reduction of blood
pressure, mitigation of heart disease, and promotion of wound healing.
Consequently, the inclusion of beetroot as an ingredient in many food
products has been found to provide positive effects on human health, and
it offers the potential for creating a wide range of nutritious food [11].
Using the red beetroot in human nutrition encompasses various applica-
tions. The use of this substance as a red food colorant is prevalent across
a diverse range of applications, including tomato paste, sauces, sweets,
jams and jellies, ice cream, candies, and cereals [12,13]. Additionally, it
is added in dehydrated formats such as chips, tea, and powder in baker-
ies, as well as in food supplements and other related products. Numerous
studies have shown that beetroot is a significant source of phytochemi-
cals that possess the ability to promote overall well-being. The antioxi-
dant, anti-inflammatory, anticarcinogenic, and hepatoprotective proper-
ties of beetroot polyphenols, carotenoids, and vitamins contribute to the
prevention of diabetes, reduction of blood pressure, mitigation of heart
disease, and promotion of wound healing. Consequently, the inclusion
of beetroot as an ingredient in many food products has been found to
provide positive effects on human health, and it offers the potential for
creating a wide range of nutritious food [11].

The study’s goal was to find out how different drying methods, such
as oven-drying and freeze-drying, affect the physicochemical properties,
antioxidant activity, and composition of phenolic and betalains com-
pounds in beetroot that has been dried. The present study investigated
the chemical composition and bioactive antioxidant properties of beta-
lains in red beetroots. Additionally, the extraction and identification of
phenolic compounds and flavonoids in beetroots were examined. Fur-
thermore, the impact of thermal procedures on the antioxidant activity
of red beetroots was assessed.

2. Objects and methods

2.1. Chemicals and reagents

(1) Sigma Aldrich, Germany, that supplied the DPPH (2, 2- diphenyl-1-pic-
rylhydrazyl).

(2) El-Nasr Pharmaceutical Chemical Co., Egypt, that supplied ethanol al-
cohol 50%.

(3) Sigma-Aldrich Chemie provided the Folin-Ciocalteu reagents (Stein-
heim, Germany). All of the used reagents were of analytical grade.

2.2. Plant materials

The botanical sample used in the study was Beta vulgaris, commonly
referred to as fresh beetroot or red beet. The product was cultivated in
Egypt and subsequently purchased from a nearby marketplace. The red
beets underwent a cleaning process with the running tap water and were
thereafter sliced.

2.3. Preparation of fresh beetroots

A 30-kilogram batch of entire red beetroot was used for the experi-
ment. A representative amount was taken from this batch to evaluate its
composition. Subsequently, the newly harvested beetroot roots were split

into two parts. One part was subjected to lyophilization, while the other
was dried in an oven. The samples obtained were then crushed and stored
at 20 °C until they were analyzed [14].

2.4. Drying process
2.4.1. Oven-drying

The drying method in an oven is utilized for a broad range of hor-
ticulture products, such as pumpkin, red beetroot, marrow squash, and
onion, among others. In this study, the beetroot samples were dried in
a convection air dryer (SHEL LAB, USA) for 390 minutes at 60°C using
natural convection. The drying process was carried out according to the
described method in [15].

2.4.2. Freeze-drying

Initially, beetroot slices were subjected to a temperature of —20 °C for
12 hours before being placed in a freeze dryer. The freeze-drying pro-
cedure lasted for 48 hours using a vacuum freeze-dryer Advantage Plus
(Virtis, Gardiner, NY, USA). The condenser temperature was set at —60 °C,
and the vacuum pressure inside the dryer was 0.027 kPa. After complet-
ing the drying process, all samples were pulverized using an IKA A-11
analytical mill (Wilmington, USA) and then sifted through a No. 35-mesh
sieve with a size of 500 pm (U. S. Standard Sieve Series, Dual Manufactur-
ing Co., Illinois, USA). The powdered samples were hermetically packed
in vacuum bags and kept at a temperature of 4 °C until they were ready
for further analysis [16].

2.5. Chemical composition of raw beetroot

The chemical composition content was assessed using the methods
recommended by AOAC [17], and carbohydrate was calculated by the dif-
ference.

2.6. Mineral content determination

The mineral composition of dried beetroot was analyzed using induc-
tively coupled plasma-mass spectrometry (ICP-MS) (Agilent 7500, USA).
A dried beetroot sample weighing 0.5 g was subjected to extraction in a
heated digester using a mixture of 10 ml of 69% HNO?3 and concentrated
HCl in a 3:1 volume-to-volume ratio (DK 20, VELP Scientifica, Milan, Ita-
ly). The extract (DISMIC-25HP, Advantec, Tokyo, Japan) was filtered using
0.2 ml PTFE syringe filters. The reference materials obtained certification
from Merck, a company based in Germany[18,19].

2.7. Extraction Techniques of Betalain

Betalains are a group of water-soluble compounds that include nitro-
gen and consist of over 55 ammonium derivatives of the chromophore be-
talamic acid. The experiment was conducted the methodology provided
by [20,21], with the subsequent alterations: A total of 1 gram of each de-
hydrated substance was dissolved in 10 milliliters of an ethanol solution
containing 50% ethanol. The solution was agitated at a speed of 800 rpm
for 10 minutes, followed by centrifugation at a speed of 6,000 rpm for
10 minutes. To obtain the highest concentration of betalains, the liquid
portion was collected in two portions using centrifugal force.

2.8. Betalain content

The quantification of betalain content was performed using a modi-
fied methodology as described in reference [22]. The homogenizer was
employed to homogenize individual samples, each weighing 50 grams, in
150 milliliters of distilled water for 1 minute. The mixture was moved to a
volumetric flask and strained through a glass funnel using Whatman No.
1 filter paper. The filter cake was rinsed with distilled water until the fil-
trate became devoid of color. The sample was thereafter subjected to cen-
trifugation at a speed of 10,000 rpm using (Sigma 3K30, United Kingdom)
for 15 minutes. A membrane filter with a diameter of 0.45 millimeters was
used to separate the supernatant. The extracts were further diluted with
a phosphate buffer solution (0.05 M, pH 6.5) until the absorbance reached
a range of 0.4-0.5 AU. Ultimately, the process of betalain absorption was
quantified by employing (T80 UV-VIS Spectrophotometer (PG Instru-
ments, United Kingdom), which evaluated the absorption at two specific
wavelengths (476 and 538 nm) [23].

2.9. Total phenolics determination

The quantification of total phenols was performed by combining
0.5 mL of an extract with 2.5 mL of a 10% folin-reagent of Ciocalteu’s so-
lution, followed by incubation at room temperature for 2 minutes. Next,
the combination is subjected to the addition of 2 mL of sodium carbon-
ate solution with a concentration of 7.5%. The resulting mixture is then
maintained at a temperature of 50 °C for 15 minutes. The solution was
cooled to room temperature before measuring its absorbance at 760 nm
using a T80 UV-VIS Spectrophotometer (PG Instruments, United King-
dom), with distilled water as a reference sample. Gallic acid was used as
a reference standard, and the results were calculated as the average of
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three measurements expressed in milligrams of gallic acid equivalent
(GAE) per milliliter of the extract [24].

2.10. Antioxidant capacity assay

The free radical scavenging activity was determined using a 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) assay. In this test, the violet color of
DPPH was diminished to a faint yellow shade as a result of the extraction
of a hydrogen atom from the antioxidant molecule. An observation was
made that enhancing the antioxidant activity resulted in a decrease in
DPPH. The test reaction mixture consisted of 100 microliters of beetroot
extract obtained from independent solvent extractions at different con-
centrations, which were prepared by diluting the extract with the extrac-
tion solvent. Additionally, 1 milliliter of a 0.1 millimolar solution of DPPH
radical in methanol was added. Following intense agitation, the mixture
was subjected to incubation at a temperature of 37 °C for 30 minutes. The
absorbance was measured at a wavelength of 517 nm (Jenway 6305 Spec-
trophotometer, United Kingdom). As a means of comparison, ascorbic
acid was used as a positive control reference. The free radical scavenging
activity is inversely proportional to the absorbance of the reaction mix-
ture, as expressed by the following equation:

k!

DPPH scavenging activity (%) =100 x OT
0
where A and A are the control and sample absorbance, respectively.

The findings are shown as the average of three replicate analyses, with
the major values and standard deviations provided [25].

2.11. High-performance liquid chromatography (HPLC) analysis

of phenolic acid and flavonoids in red beetroot

20 ml of a 2.0 M NaOH solution was added to 1 g of red beetroot in
a quick-fit conical flask. Nitrogen gas (N2) was used to purge the flask,
and the cork was subsequently reinserted. The material was subjected to
magnetic stirring for four hours at ambient temperatures. The pH of the
solution was subsequently modified to 2.0 by adding 6.0 M HCI. The mix-
ture was subjected to centrifugation at a speed of 5000 rpm for 10 minutes,
resulting in the recovery of the supernatant. The liquid component was
extracted two times using 50 mL of a mixture consisting of equal parts
of ethyl ether and ethyl acetate. The recovered solvents in the organic
phases were evaporated completely at a temperature of 45 °C, resulting
in a dry residue. This residue was then diluted again in 2 mL of metha-
nol. An Agilent Technologies 1100 series liquid chromatography system
with an autosampler and a diode array detector was used for the HPLC
analysis. A Phenomenex Eclipse XDB-C18 analytical column of 150 mm
in length and 4.6 mm in diameter, with a C18 guard column, was used
in the experiment conducted in Torrance, CA. The mobile phase con-
sisted of acetonitrile (solvent A) and a solution of 2% acetic acid in water
(v/v) (solvent B) [26]. The flow rate was maintained at 0.8 ml/min dur-
ing the whole 70-minute run, and the gradient program was as follows:
the concentration of B decreases from 100% to 85% in 30 minutes, then
from 85% to 50% in 20 minutes, then from 50% to 0% in 5 minutes, and
finally increases from 0% to 100% in 5 minutes. The injection had a vol-
ume of 50 pl. The peaks corresponding to benzoic acid and cinnamic acid
derivatives were simultaneously detected at the wavelengths of 280 nm
and 320 nm, respectively. Before injection, all samples underwent filtra-
tion using a 0.45 ml Acrodisc syringe filter (Gelman Laboratory, MI). The
retention times of the peaks were compared to those of standards and UV
spectra [26].

2.11. Statistical analysis.

All results were expressed as mean values+standard deviation (SD),
and values are mean three replicate analyses. Comparisons were per-
formed by analysis of variance (ANOVA). Statistical analyses were run
using SAS software.

3. Results and discussion

3.1. Chemical properties and mineral composition of beetroot

The data about the chemical and mineral compositions, including the
content of moisture, ether extract, ash, protein, crude fiber, and carbohy-
drate (calculated by difference), were analyzed and the findings are pre-
sented in Table 1 and Table 2.

Multiple studies indicate that the nutritional composition of fresh
beetroots is affected by factors such as the variety of beetroot as well as
the conditions in which it is grown and harvested [27]. Beetroot possesses
a significant nutritional benefit due to its elevated sugar concentration
[11]. According to the statistics from the United States Department of Ag-
riculture, 100 g of raw beetroot has an average of 43 kcal of energy, 2.8 g
of dietary fiber, 1.61 g of protein, 6.76 g of sugar, and 0.17 g of fat. Red

beetroot can be consumed as a fresh vegetable or processed into frozen or
dried food. Red beetroot possesses significant potential for utilization as
a bio-functional meal with substantial added value [28]. The data shown
in Table 1 indicates that beetroots are a valuable source of both carbs
and protein. Due to its minimal fat content and complete absence of cho-
lesterol, it leads to reduced consumption of calories. This is a key fac-
tor contributing to its suitability for inclusion in a weight-loss regimen.
The body efficiently turns the easily metabolizable sugar content of this
food into energy, regardless of its relatively high carbohydrate and sugar
content. For athletes, it is advantageous to have a high sucrose content
and low fructose concentration in their diet, as sucrose is more useful for
them than fructose [29].

Table 1. Proximate chemical composition of fresh red beetroot
Ta6nuua 1. [Ipu6IU3UTeIbHBI XMMIUYECKUIi COCTaB CBeXeil KPaCHO CBEKJIbI

Chemical composition (g/100 g)
Moisture 84.95+0.09
Ether extract 1.63+0.03
Ash 1.49+0.05
Crude fiber 2.50£0.08
Crude protein 1.49+0.04
Carbohydrate 7.94

Values are mean* SD of three replicate analyses.

The mineral composition of the dehydrated beetroot was analyzed us-
ing inductively coupled plasma-mass spectrometry (ICP-MS). The data is
displayed in Table 2.

Table 2. Mineral content of red beetroot treated with different
drying methods
Tabnuia 2. MuHepaJIbHBI COCTaB KPACHO CBEKJ/IbI, BHICYIIEHHOM
Pa3IMYHBIMY CIIOCOO0aMM

mg/g (DW)

Element Oven-dried Freeze-dried
Na 95.631+0.005° 138.623+0.017°
K 40.327+0.015° 54.672+0.009°
Mg 10.889+0.016" 13.388+0.015°
In 0.293+0.005" 2.815+0.0112
B 0.014+0.005* 0.014£0.0042
Li 0.004+0.001° 0.013£0.001°
Al 0.367%0.001° 0.869+0.0022
Ca 0.479+0.002° 0.539+0.001°
Ti 0.036+0.002° 0.034+0.003"
Cr 0.022+0.002° 0.067£0.005%
Mn 0.045+0.001° 0.072+0.005°
Fe 0.090+0.001° 0.102£0.0022
Co 0.003+0.001° 0.020£0.001#
N 0.003+0.001° 0.008+0.001°
Cu 0.078+0.001° 0.112+0.002?
Zn 0.093+0.001° 0.084+0.003°
Ga 0.019+0.001° 0.078+0.0022
Sr 0.142+0.002° 0.180+0.004°
Ag 0.037+0.001° 0.020+0.001°
Cd 0.001+0.0012 0.004+0.002°
Ba 0.010+0.002° 0.024£0.003*
Pb 0.031+0.002° 0.097£0.004°
Bi 0.124+0.001° 0.778+0.003*

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent

the statistically significant differences between treatments (p<0.05).

The current study is among the limited number of research publica-
tions investigating the mineral composition of freeze-dried and oven-
dried beetroot powder. Table 2 displays the mineral composition (alumi-
num, calcium, iron, potassium, magnesium, sodium, lithium, zinc, lead,
chromium, boron, and copper) of all red beetroot samples obtained using
the chemical reference technique of ICP-MS. The freeze-dried and oven-
dried powder contained significant amounts of nutritional components
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such as sodium (Na), potassium (K), magnesium (Mg), and indium (In).
The concentrations of these components amounted to 138.6, 54.67, 13.38,
and 2.8 mg/g (dry weight) for the freeze-dried powder and 95.6, 40.3,
10.89, and 0.293 mg/g (dry weight) for the oven-dried powder respec-
tively. The range of amounts of these four elements aligned with the ref-
erence value provided by the AIJN (Association of the Industry of Juices
and Nectars) from the Fruits and Vegetables of the European Union [30].
Copper (Cu) and other harmful metals such as manganese (Mn), lead (Pb),
and chromium (Cr) were detected in very small quantities (0.112, 0.072,
0.097, and 0.067 mg/g (DW), respectively) and (0.078, 0.045, 0.031, and
0.022 mg/g (DW), respectively). This indicates that red beetroot is safe
for human consumption and that the levels of these metals are within the
acceptable limit and do not pose a health risk [30].

3.2. Betalain content

The primary pigments found in beetroot are called betalains, and they
are found in extremely high concentrations (greater than 99.0%) [31].
Data presented in Figure 1 illustrates the samples that were prepared by
the freeze-drying method were found to have the highest concentration
of betacyanin pigments in the current research.

Analysis of betalains content (mg/g d.m.)

60

49,3
50

40
30
20
10

. ]

Freeze-dried Oven dried
® Betalains (Betaxanthins) = Betalains (Betacyanins)
Figure 1. Effect of the oven and freeze-drying process

on betalain content of red beetroot
PucyHOK 1. BausiHMe CymIKM B JyX0BOM mKady ¥ CyoIMManyiOHHOM
CYIIKM Ha copepikaHue GeTanayHa B KPACHOI CBeK/Ie

4,63

It is important to mention that the use of a temperature of 60 °C led to
a decrease in the stability of betalain pigments. Compared to the freeze-
dried samples, the betaxathin and betacyanin contents decreased by
83.22% and 88.09%, respectively. Three key factors could explain this de-
cline: at a temperature of 60 °C, the presence of a relatively high amount
of water in a dried sample can speed up the breakdown of betalains [27].
It has also been observed that freeze-drying can stop the activity of en-
dogenous enzymes like glucosidase (BGL), polyphenol oxidases (PPO),
and peroxidases (POX), and this can happen at both low and slightly
high temperatures. However, these enzymes would remain functional
at temperatures around 60 °C, thus leading to a significant increase in
the degradation of betalain pigments [5,30]. Subjecting these pigments
to prolonged heating at 60 °C (for 390 minutes) can cause their degrada-
tion when betacyanins convert into decarboxylated forms, leading to al-
terations in the hue of the product [14,23]. The levels of betalain pigment
obtained in this experiment fell within the previously reported ranges
[15,27,31].

3.3. Effect of oven-dryinl,5g and freeze-drying on total phenolic content
and antioxidant capacity of red beetroot

Red beetroot’s antioxidant properties. The impact of antioxidants on
the scavenging of DPPH radicals was believed to stem from their capacity
to donate hydrogen. DPPH is a persistent radical that can easily accept an
electron or a hydrogen radical. This makes a stable diamagnetic molecule.
We checked how well DPPH radicals could be reduced by looking at the
drop in absorbance at 517 nm that antioxidants caused. The discoloration
is visually visible, transitioning from purple to yellow. Additionally, phe-
nolic compounds found in red beet have been shown to lower lipid oxida-
tive damage, boost antioxidant status in humans, remove free radicals,
reduce inflammation, fight cancer, and lower the risk of chronic diseases
like cancer and heart disease [36]. For another thing, phenolic compounds
are great antioxidants because of their redox potential, which lets them
work as reducing agents, hydrogen donors, metal chelators, and singlet
oxygen quenchers. The data in Table 3 illustrates the effect of oven-
drying and freeze-drying on the total phenolic content and antioxidant
capacity of the beetroot.

Table 3. Effect of oven-drying and freeze-drying on total phenolic
content and antioxidant capacity of red beetroot
Tabnuua 3. BaussHue cymku B fyXoBoM mKady v cy6aMmManyioHHOM
CYIIKM Ha oﬁmee cogep>xaHnue qJeHOJIOB ¥ AaHTUOKCHUIAHTHBIE
CBOMCTBA KPpaCHOM CBEKJIbI

Drying methods
Oven-drying Freeze-drying
Total phenolic acid mg/100 g dried sample ~ 1.40%0.02° 2.19+0.01¢
Antioxidant activity DPPH% 62.89+0.22° 69.05%0.43°

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent
the statistically significant differences between treatments (p <0.05).

Beetroot has several phenolic compounds that provide significant an-
tioxidant properties. This analysis revealed the presence of betalain ex-
tracts with total phenolic content (TPC) and antioxidant properties. The
freeze-dried beetroot features the highest total phenolic content (TPC).
The oven-dried samples at 60°C exhibited reduced levels of phenolic
compounds, which contrasted with the results reported in [16]. Under
these conditions, the TPC loss could be attributed to a range of reasons.
Initially, exposure to the temperature of 60 °C for 390 minutes led to a de-
crease in TPC. It is worth noting that the DPPH result was identical to
that stated in the referenced work [16].

3.4. The impact of oven-drying and freeze-drying on the overall

phenolic content of red beetroot was assessed using

high-performance liquid chromatography (HPLC)

Samples were put through an HPLC-DAD analysis to get a better rep-
resentation of the specific phenolic compounds that were found in the
betalain extracts. However, the data obtained from this analysis only
provided identification of these compounds. Another extraction was per-
formed using 50% ethanol to quantify the phenolic components in the
samples. The summary results can be found in Table 4. Within this ex-
cerpt, a total of seventeen phenolic compounds were both qualitatively
and quantitatively detected. Notably, pyrogallol emerged as the predomi-
nant phenol found in dehydrated beetroot.

Table 4. The impact of oven-drying and freeze-drying
on the overall phenolic content of red beetroot assessed using
high-performance liquid chromatography (HPLC)
Ta6nuua 4. BiussHMe CyIIKY B JyXOBOM MIKady U CyGIMManiOHHOM CYIIKYU
Ha ob1ee copepkaHye ¢GeHOIOB B KPACHOJI CBeK/Ie, ONpee/IeHHOe
C IOMOIIBIO BEICOK03(dEKTUBHOI XUAKOCTHOI XpomaTtorpadum (BIXKX)

Total phenolics Drying process

(mg/100 g) Oven-dried Freeze-dried
Pyrogallol 37.79+0.04* 16.26+0.06"
Catechein 6.45+0.022 2.36=0.01°
Protocatchoic 1.45+0.01° 4.89+0.02?
Catechol 4.61+0.03° 2.63%0.01°
chlorogenic 3.69+0.05* 0.39+0.01°
P-OH- benzoic 1.27+0.02° 3.37%0.04*
Benzoic 1.73+0.022 1.12+0.01°
Gallic 1.26%0.022 1.05+0.01°
4-aminobenzoic 0.62%0.01# 0.26+0.02°
Caffeic 0.54%0.012 0.29+0.01°
Vanillic 0.97+0.022 0.38+0.01°
P-coumaric 0.28+0.03° 0.22+0.06°
Ferulic 0.15%0.03? 0.18+0.02¢
Iso-ferulic 0.26+0.01° 0.36+0.01¢
a-coumaric 0.19+0.03° 0.22+0.02°
Coumarin 0.17+0.01° 0.92+0.022
3,4,5-methoxy-cinnamic 0.72+0.022 0.61+0.01°

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent
the statistically significant differences between treatments (p<0.05).

Table 4 illustrates the impact of processing methods on the content of
phenolic acids in red beetroot. Uniform HPLC patterns of phenolic acid
were observed in all processed samples, with varying amounts based on
the method of treatment. Based on the information in the table, pyrogal-
lol was the most common ingredient. Following it were catechin, protoca-
tchoic, catechol, chlorogenic, P-OH-benzoic, benzoic, and gallic. Ferulic
acid, vanillic acid, caffeic acid, coumarin, coumaric acids, and 4-amino-
benzoic acid were detected in low concentrations. Beetroot exhibited

154



Lllexata E. M. 1 op. | MALLEBBIE CUCTEMDI | Tor 7 No 1 | 2024 | C. 151-156

higher levels of phenolic acid in the oven-dried samples compared to the
freeze-dried samples, as the drying process appears to induce the degra-
dation of these compounds. Prior studies have shown significant reduc-
tions in phenolic compounds in the samples treated with the freeze-dry-
ing method. The authors hypothesized that the lyophilization-induced
reduction in phenolics might be primarily due to structural damage to the
sample cells caused by the formation of ice crystals, which could acceler-
ate the oxidation of these chemicals [32,33,34].

The impact of oven-drying and freeze-drying on the flavonoid content
of red beetroot was analyzed using high-performance liquid chromatog-
raphy (HPLC). Data is presented in Table 5.

As an additional point of interest, the ethanolic extract of red beet-
root contains a variety of flavonoid components, the most prevalent of
which is hesperidin. Following this are naringin, rutin, rosmarinic acid,
naringenin, quercetin, and apigenin. Nevertheless, traces of kaempferol,
hesperetin, and quercetin were discovered in the sample. The results
published in [32,35,36] were comparable. The fact that the freeze-dried
samples had higher quantities of hesperidin and naringin than the dried
powder in the oven suggests that the prolonged exposure to heat at those
vacuum temperatures may have caused damage to the beets’ cellular
structure [35,36].

4. Conclusion

Based on the research that was done and the information that was
collected, the different ways of drying red beetroot, like oven-drying
and freeze-drying, change its physicochemical properties, antioxidant
activity, and the composition of phenolic and betalains compounds. Ad-
ditionally, it is clear from this that the red beetroot (Beta vulgaris) has
the potential to significantly increase the amount of nutrients consumed
by both people and animals, regardless of its form. It is recommended
to use the beetroot as a source of nutrients to supplement other signifi-
cant sources of nutrients. Consuming vegetables throughout the year is

Table 5. Impact of oven-drying and freeze-drying
on the flavonoid content of red beetroot using high-performance
liquid chromatography (HPLC)
Ta6nuia 5. BiussHue 1eyHoi B JyX0BOM mKady ¥ cy6IMMaliOHHOI CYIIKMU
Ha cofiep)kaHMe ()IaBOHOMAOB B KPAaCHOJ CBeKJIe, ONpeneeHHOe NPy
noMouy BbicOK03(dGeKTUBHOI JXUAKOCTHOI XxpoMmaTorpaduu (BIXKX)

Flavonoids Drying process
(mg/100 g) Oven-dried Freeze-dried
Hesperidin 39.81+0.01° 48.47+0.03°
Naringin 1.45+0.01° 1.61+0.012
Rosmarinic 0.32+0.01° 0.72+0.02°
Naringenin 0.27+0.012 0.17+0.01°
Quercetrin 0.04+0.01° 0.13%£0.012
Quercetin 0.18+0.012 0.17+0.012
Hesperetin 0.03+0.012 0.02+0.012
Kaempferol 0.01£0.01° 0.01£0.01°
Apigenin 0.15%0.01° 0.01£0.01°
Rutin 1.01+0.01° ND

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent
the statistically significant differences between treatments (p<0.05).

recommended since they are becoming an increasingly significant com-
ponent of the human diet. As a result of its low-fat content, B. vulgaris is
advised for people who are obese or diabetic because it does not include
a significant amount of carbohydrates compared to other foods. Due to
the fact that it contains a substantial amount of minerals, it is recom-
mended to consume beetroot in order to supplement the daily needs laid
forth by the FAO and the WHO for sodium, potassium, and magnesium,
respectively.
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N3VYYEHUE BO3MOXHOCTU ITIPUMEHEHNSA MACJIA, BBIPABOTAHHOTO
METOJOM ITPEOBPA30OBAHMNS BBICOKOXHMPHBIX CJINBOK,
IIPU U3TOTOBJIEHUU CJIOEHBIX U3OEJIUN

IMuporosa E. H., Tomuukosa E. B., Janunosa E. C.*
Bcepoccuiickuii HayYHO-1MCCIeA0BATEIbCKIUI MHCTUTYT MaCI0e/usI U ChIpoenus, Yriand, IpociaBckast 06iactb, Poccus

KJIFOYEBBIE CJIOBA: AHHOTALIUA

C/IUBOYHOE MACTIO, B craTbe mpeqcTaBieHbl CPAaBHUTEbHBIE MCCIEIOBaHMSI COCTaBa, GU3MKO-XUMUUECKUX U CTPYKTYPHO-MeXaHNYeCKIX MoKa-
Memod npou3eodcmed, 3aresieil 06pasoB CIMBOYHOIO Macia, M3TOTOBJIEHHBIX METOIOM IIpeo6pa3oBaHist BHICOKOKMPHBIX cMBOK (TIBJKC) u13 oTe-
HCUPHOKUCTIOMHBbLT YeCTBEHHOTO ChIPhSI, M Mac/ia BbIpAG0TAHHOTO METOLO0M COMBAHMS CJIMBOK B MaCJIOM3TOTOBUTEISIX HEITPEPBIBHOTO AECTBUS
cocmas, meepoble (CCMH[I). Takske B paboTe IIpOAeMOHCTPMPOBAHO UX BIMsIHME Ha ITpoliecc GOPMMPOBAHNS CJIOEHOTO TECTA ¥ Ha OpraHOJIer-

Hayunas ctaTbs
Open access

mpuenuyepuosl, TUYECKIME CBOICTBA FOTOBBIX U3[e/nii U3 Hero. Llesb uccenoBanmii — oljeHKa MPUTOJHOCTM CIMBOYHOTO Macia, BbIpaboTaH-
c/l0eHoe mecmo, Horo MmeTtomoM IIB3KC, 17151 M3TOTOB/IEHMS CTIOEHOTO TeCTa U M3/1e/nii U3 Hero. B KauecTBe KOHTPOJIbHBIX 06Pa3IioB CITysKIIN
Kpyaccau HOBO3eJIaHACKMe 00pasipl Macia, mpousBoauMbie MmetTogom CCMH]I 1 yacTo MCIonb3yeMble TIPU M3TOTOBIEHUM U3LEINit

13 CJI0EHOTOo TecTa B Kade. B kKauecTBe OMBITHBIX 06Pa310B ObUIM MTPYMEHEHbI TUITMYHbIE 06pa3Libl CIMBOYHOIO Macjia poc-
CUIICKOTO MPOM3BOMCTBA, U3roToBIeHHbIe MeTomoM [IBJKC. ITo pesyabTaTam Mccaen0BaHN ObUIM YCTAHOBIEHBI Pa3INUMs
B JKMPHOKMCJIOTHOM COCTaBe M3y4eHHBIX 00pa3lioB Maciia 10 COAePKaHUI0 JTayPUHOBOI, MUPUCTUHOBOI, TaIbMUTUHOBO
Y IMHOJIEBOI KMUCIOT. BbIIO BBISIBJIEHO, UTO B Inana3oHe ot 20 7o 30 ©, T. e. B TeX YUIOBUSX, ITPU KOTOPBIX MTPOXOST Ollepauumn
pacKaTKy U PacCTOMKM TECTa, ONbITHbIE 00PAa3I[bl Mac/ia XapaKTePU30BaINCh OTHOCUTETHHO 60jiee BHICOKMMY ITOKa3aTeIsIMu
COflepsKaHMs TBEPABIX TPUIIUIIEPUIOB Y TBEPAOCTH. ITO 0OYCIOBMUIIO CHIDKEHYE TUIACTMYHOCTM MAcjia M €ro CIIOCOGHOCTY
K packaTke. Ha OCHOBaHMM CPaBHUTEIbHBIX UCCIENOBAHMUIT CTPYKTYPHO-MEXaHMYECKUX CBOVICTB Macjia ObUIO YCTAaHOBJIEHO,
YTO JIJIS1 YTYUIIIeHMsI er0 XapaKTepUCTUK, He0OXOIMMBIX [IJIsi PABHOMEPHO# packaTKy IIacTa Macia, 1eecoo6pasHo MOHVKe-
HMe 3HaUeHMsI TBePAOCTHU IIPU OLHOBPEMEHHOM IOBbBIIIIeHMY 3HaU€HMSI BOCCTAHABIMBAEMOCTH CTPYKTYPbI Macia. boiio cue-
JIaHO 3aKJ/II0YeHMe O TOM, UTO TaKue XapaKTepUCTUKY AJI Macia, M3rotosisieMmoro Mmetonom [1BXKC, BO3MOXKHO MOTyYnTh 3a
CcyeT KOPPEeKTUPOBKM COCTaBa Macja U PEXXMMOB €ro MPOM3BOACTBA, a MOHMKeHue 3HaYeHnit cogepkanus TTT — akTMBHBIM
BJIMSIHMEM Ha PalMiOH KOPMJIEHMSI SKMUBOTHBIX B pPa3Hble epPUObI FOfa.
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STUDYING THE POSSIBILITY OF USING BUTTER PRODUCED
BY THE METHOD OF CONVERTING HIGH FAT CREAM
IN THE PRODUCTION OF PUFF PRODUCTS

Ekaterina N. Pirogova, Elena V. Topnikova, Ekaterina S. Danilova*
All-Russian Scientific Research Institute of Butter- and Cheesemaking, Uglich, Yaroslavl Region, Russia

ABSTRACT

The article presents comparative studies of the composition, physico-chemical and structural-mechanical characteristics of
butter samples produced by the method of converting high-fat cream from domestic raw materials, and foreign-made but-
ter by churning cream in continuous buttermakers, as well as their influence on the process of puff pastry formation and the
organoleptic properties of finished products made from puff pastry. The purpose of the research is to assess the suitability
of butter produced by the method of converting high-fat cream for the production of puff pastry and products made from it.
New Zealand butter samples produced by the method of churning cream in continuous butter makers and often used in the
manufacture of puff pastry products in cafes served as control samples. Typical samples of Russian-made butter produced by
the method of converting high-fat cream were used as experimental samples. Based on the research results, differences in the
fatty acid composition of the studied butter samples were established in terms of the content of lauric, myristic, palmitic and
linoleic acids. It was revealed that in the range from 20 to 30°, i. e., in conditions under which the dough rolling and proofing
operations take place, the experimental butter samples were characterized by relatively higher levels of solid triglycerides and
hardness. This caused a decrease in the plasticity of the butter and its ability to roll out. Based on comparative studies of the
structural and mechanical properties of the butter, it was established that in order to improve its characteristics necessary for
uniform rolling of the butter layer, it is advisable to lower the hardness value while simultaneously increasing the value of the
butter structure recoverability. It has been concluded that such characteristics for butter produced by the method of convert-
ing high-fat cream can be obtained by adjusting the composition of the butter and its production modes, and a decrease in the
solid triglycerides can be achieved by active influence of the diet of animals in different periods of the year.
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1. BBegenue

B KauecTBe KMPOB IS CIOEHOTO TeCTa MCIOMb3YIOT MapTrapyuH, CIeln-
aJbHbIe XMPOBbIe MPOAYKTHI U CIMBOYHOE MAC/IO, IIPU 3TOM KasKAbIi U3
repeuncaeHHbIX KOMIIOHEHTOB 00/1a/1aeT YHUKAIbHBIM COCTABOM U XapaK-
TepucTuKami [1,2]. T >XMpoBble IPOAYKThI UCIIONb3YIOTCS KaK JI7Is 3aMe-

oIl HTUTUPOBAHUNS: IIuporosa, E. H., TonHukoBa, E. B., lanuiosa, E. C.
(2024). V3yueHne BO3MOKHOCTY IIPYMEHEHNMSI Mac/Ia, BBIpPA60TAaHHOTO METOLOM TIpe-
06pa3oBaHMst BBICOKOKMUPHBIX C/IVIBOK, ITPU M3TOTOBJIEHMY CJIOEHBIX U3aenuii. [Tuuje-
svle cucmemsl, 7(1), 157-164. https://doi.org/10.21323/2618-9771-2024-7-1-157-164

ca, TaKk ¥ 715l C7IoeHus Tecta. VX raBHast GyHKUMS 3aK/II049aeTcs B pasfe-
JIEHVM CJIOEB TeCTa ¥ B CO3LaHMM OGHOPOIHOV, pABHOMEPHOJ ¥ CIOUCTOM
CTPYKTYPBbI, 06ecrieunBarolleil 600N MOAbeM MU3IeNNit IPY BbITIeUKe.

Bornpockl MCII0/Ib30BaHMsI MaprapyMHOB U CIIeLMaJbHBIX )XMPOB POC-
CUIACKOTO IPOM3BOACTBA IJISI STMX lieJeii JOCTaTOYHO XOpOLIO Ipo-

FOR CITATION: Pirogova, E. N., Topnikova, E. V., Danilova, E. S. (2024).
Studying the possibility of using butter produced by the method of converting high
fat cream in the production of puff products. Food Systems, 7(1), 157-164. https://
doi.org/10.21323/2618-9771-2024-7-1-157-164
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paboTaHbl B paHee BbITIOJIHEHHBIX MCCIeAOBaHMSIX [3-5]. B HMX 060-
CHOBBIBAIOTCSI TpeGOBaHMSI K TeMIlepaType IUIaBIeHMUS, K TBEPHOCTU
Y TUIACTMYHOCTYM VCIIONb3YeMOTO KMPa, K COLePKaHMIO TBEPIOro Xupa
¥ K pa3MepaM >KMPOBBIX KPUCTAIIOB, @ TaKXKe K PeoJIoTMYecKyM Xapak-
TePUCTUKAM, K KOIMYECTBY MCIIO0/Ib3yeMOro K1POBOTO MPOAYKTa U K CO-
OTHOIIEHUIO KUPOBOJ 1 BOTHO (ha3bl B HEM.

B oTHOLIEHMM CIMBOYHOTO Macja POCCUIICKOTO TPOM3BOACTBA, TPU-
TOIHOTO JIS 3TUX IIeNefi, TAKMX CYCTeMHBIX TpeGOBaHWi He yCTaHOBIIe-
HO. AKTYaJIbHOCTb MCCIeOBaHNIi B 3TOM IUIaHe 0O0CHOBBIBAETCSI TEM, UTO
COBpeMeHHbIi1 OTpe6uTeb 06paliaeT Bce Gomblie BHUMAHMS He TOTbKO
Ha BHeIIIHMIi BUJ, BKYC U 3aIaX, HO ¥ Ha COCTaB MPOJYKTA, ¥ BCe yallle OT-
JlaeT CBOM IpeTIouTeHMsI TeM MUILEBBIM IIPOAYKTaM, KOTOpbIe He cozep-
>KaT TMAPOTeHN3MPOBAHHBIX KMPOB, KpacuTesei, apoMaTu3aTopoB U APY-
I'MX KOMIIOHeHTOB. I10 3T0i1 mpuumHe CIMBOYHOE MacIo CTAHOBUTCS Gotee
BOCTPe6OBaHHBIM JKMPOBBIM KOMIIOHEHTOM JJIS IIPUTOTOB/IEHMS CTTOEHOTO
TecTa, 0CO6EHHO B KO(DEIHSIX, CAMOCTOSITENIbHO M3TOTaBAMBAIOIINX U3e-
JIVisI U3 Hero [6,7]. IIpy IpUroToB/IeHMY KPyacCaHOB B YUIOBMSIX 3aBeeHI
OO6IECTBEHHOTO TUTaHMUSI paHee YCTAHOBWIACH MPAKTMKA MPUMEHEeHUSI
Mac/ia IpeyIMyIeCTBeHHO 3apyOesKHOTO IIPOM3BOLCTBA.

CrnemyeT OTMETUTh, UTO BO MHOTMX CTpaHaX CJIMBOYHOE Macio yxke
IABHO CUMTAETCS JIYUIIVM BbIGOPOM /sl IPOMU3BOACTBA BBIIIEYKM, TAKOM
Kak KpyaccaHbl. VICIIonbp30BaHye CIMBOYHOIO Maciaa obecreuyBaer Co-
3/1aHMe JIETKMX Y BO3AYLIHBIX CJIOEB C KPACMBOM XPYCTSILIEN KOPOUKOIA,
YTO UIpaeT BaXKHYIO POib B GOPMIPOBAHNUY OPTaHOIENTNIECKMUX XapaK-
TEePUCTUK IPOAYKTA. B CBSI3M C 3TMM CJIMBOYHOE Macjo KaK ChIpbe IJISt
CJIOEHOTO TeCTa HepeaKO SIB/ISETCS IIPeIMeTOM JCCIeI0BaHuUi 3apy6esk-
HbIX y4yeHbIX. Tak, B pabore Pilcher [8] mokasaHo, YTO BKyC 1 CBOJiCTBa
HAaTypaJbHOTO CJIMBOYHOTO Maciia TOJIOKUTENbHO BAMSIIOT Ha KauecTBO
CJIOEHOTO TecTa. B 3apy6eskHbIX uccaeqoBanmsx [9—12] Takke qoKasaHo,
YTO CJIMBOYHOE MAcIIo, cofepskaliiee B CBOeM cocTaBe upa cBbiiie 80%,
6071ee TEXHOTIOTMYHO TPV 3TOTOBJIEHMY CIIOeHOT0 TecTa. OHO He PBeTCs
IpY pacKkaTbIBaHMM, He obpasyeT Iy3bIpeii M He co3maeT MpobaemM Npu
aBTOMaTKU3MPOBaHHOM CIIO0CO6e ITPOM3BOJCTBA TECTa.

[n1s1 ynyuIiieHys TEXHOIOTUUYeCKMX CBOJCTB CJIMBOYHOTO Macja-ChIpbst
LISl IPOM3BOJICTBA TeCTa 3apybekKHbIMU MccaenoBaTensmu [9,13] npen-
JIO)KEHO TIPOBOAMTH €ro MoaudUKanuio myTeM (QpakuMOHUPOBAHMSI.
BBemeHne B cocTaB Mac/ia HU3KOIUIABKMX (pakiyii MOJIOYHOTO XKupa
IIPUBEJIO K YBEIMYEHNIO €T0 PAaCTSDKMMOCTH 6e3 pa3pbIBOB IIPY Harpyske
Ha TecTo U K 60j1ee BBICOKOMY €ro MOA’beMy ITPY BbITIeUKe.

BakHBIM KpuTepyueMm [Jjs1 CIMBOYHOIO Macjia IPU M3TOTOBIEHUU
CJIOEHOTO TeCTa 32 PyOeXKOM CUMTAeTCS XOPOIIas IJIACTUYHOCTh 38 CUeT
CHIDKeHMsI ero TBepAocTyu. [Ipy moAroroBke Tecta Macjio IOABEPraeTcst
3HAUYNUTEJIbHBIM Cl)I/ISI/[‘IeCKI/IM BOB,ZLEIZCTBMFIM, JaBJIEHUIO U HAIIPSDKEHU IO
MpY Pas3IMYHBIX TeMIlepaTypax, I03TOMY IUIaCTMYHOCTh HeobXomyuma
IJISL TOTO, YTOGBI MaclI0 PaBHOMEPHO pPacIpemesioch 10 TIOBEPXHOCTH
TeCTa ¥ 0CTaBaj0Ch B BUJIe PABHOMEPHOJI IIPOCJIOVKI MEXAY CI0SIMU, He
paspyLIasich Py €ro packaTbIBaHUM M CKIaJbIBAHUN.

TexHOMOrMYECKYe CBOJICTBA UCIIOIb3yeMOTO CIMBOYHOTO Macia 06-
YCJIOBJIEHBI €0 COCTaBOM U CBOJCTBAMM MOJIOYHOTO XXupa [14]. Xumnue-
CKMII COCTaB MOJIOUHOTO 3XKMpa IpefioIpesiesieTcsl TOPOAoii SKMBOTHBIX,
Ce30HOM rofia, COCTaBOM KOPMOBOJi 6a3bl, a INIACTIYEeCKIMe CBOMCTBA CITM-
BOYHOTO Macja 3aBUCST OT TEXHOJIOIMM ero u3rorosieHus [15,16]. Tax,
Harnpumep, MPOGUIb KUPHBIX KUCTOT 3aBUCUT OT BpPEMEHM rofa: yem
6osblile B paLlYOHE CKOTA CBeXKejl TPaBbl, TeM GOJIbllle HEeHACHIIEHHbIX
SKMPHBIX KUCIOT B COCTaBe TPUIINIIEPUIIOB MOJOYHOrO >kupa. Creno-
BaTebHO, CoflepskaHye TBepAbIX (pakumit kxupa GymeT MeHbIIUM, UTO
Hen36eKHO OTPA3UTCSl HAa KOHCUCTEHLMM CIMBOYHOro macia [17]. Uc-
C/IelOBaHMSIMY JIOKa3aHO, YTO CHIDKEHMe TBepIOCTY Macia BO3MOXKHO
He TOJIbKO 3a CYeT I0A60pa PEKMMOB KOPMJIEHMSI 1 ITOPOZbI SKUBOTHBIX,
a TaKKe ¢ MOMOILbIO KOPPEKTUPOBAHMS TEXHOIOTMYECKMX PEKMMOB €ro
BbIpaGoTKM [18,19].

Ha TexHonornyeckue CBOCTBA OKa3bIBAET BIMSIHME U CIIOCOO MPOU3-
BOJICTBA CIMBOYHOIO Macia. 3a py6ekoM CIMBOYHOE Macio BbIpabaThl-
BalOT MIPEUMYIIeCTBEHHO METOA0M COMBaHMS CIMBOK C UCIIOIb30BaHMEM
Mac/IOM3roTOBUTENel HePepbIBHOTO JeficTBus. B Poccuiickoit ®enepa-
uuu B 6oJblIiet cTereHn mpeobiagaet MeTo] Ipeobpa3oBaHmsT BHICOKO-
skUpHbBIX BOK ([IBXKC). TexHOMOrMUYECKMEe 0CO6EHHOCTY TTPOM3BO/ICTBA
06yCIOBIMBAIOT GOPMMPOBAHME PA3INYHBIX TUIIOB CTPYKTYPBI IPOIYK-
ta. [Tpu BeIpabOTKe Maciia MeTOL0M COMBAHMSI CIMBOK GOPMUPYETCS KO-
aryIsIVIOHHO-KPUCTAIM3AUMOHHBIN TUIT CTPYKTYPBI, Girarofapst KOTo-
pOMY MPOIYKT MMeeT JOCTaTOUHO BbICOKYIO IMJIOTHOCTD Y MJIACTUUHOCTbD.
Macno, nonyyenHoe mertonoMm IIBJKC, nmeeT KpucTaum3anOHHO-KO-
aryJSIUMOHHBINA TUII CTPYKTYpbl. KpucramnusalnyoHHbIe CBSI3M TaKOro
Maciia Xy>ke BOCCTAHAB/IMBAIOTCS, a Ipu JedopmMalnmm cxaTust 6picTpee
paspyuiatorcs. [I03TOMy Takoe Macio MOXKeT 06/aaTh GOJbIIeit JIOM-
KOCTBIO ¥ MEHblIIIe}i YCTOUMBOCTBIO CTPYKTYPhI B CPABHEHUY C MaC/IOM,
BbIPaGOTaHHBIM COMBaHMEM CIMBOK [20,21,22].

ITpu BbIpabOTKE CJ1aIKO-CVBOYHOTO MAC/Ia B 3apyOeKHOI MpaKTUKe
HeT 006513aTeIbHOTO TPeGOBaHYSI K 00eCIIeUeHUI0 BhIPaXKEHHOTO ITPYUBKY-
ca nacrepusauyy. [IpakTUKYIOTCSI TEXHOTOTMYECKMe Ollepalun e3070-
panyy CIMBOK, IPOMBIBKM Mac/ISIHOTO 3€pHA M BaKyyMHOM 06paboTKU
J1acTa Maciia, KOTopble, Kak IpaBuiio, He IPUMEHSIIOTCST Ha POCCUICKIX
3aBofiax Ipu rnepepaboTke cIMBOK B Macio metonoM IIBXKC [23]. OTme-
YeHHble 0COGEHHOCTY TeXHOJIOTMM OBYC/IOBINMBAIOT OT/INYME BKYCOBOIO
OGyKkeTa POCCUICKOTO CaJKO-CAMBOYHOTO Maciaa OT 3apybexHoro. Co-
rnacHo pejictBytomemy 'OCT 32261-2013!, oreuecTBEHHBI MPOLYKT
XapaKTepu3yeTcsl MPUSTHBIM CIMBOYHBIM BKYCOM C BbIPaXK€HHBIM IIPY-
BKYCOM TacTepu3alun.

Takum 06pa3oM, CIMBOUHOE Macio, BbipaboraHHoe metogom IIBXKC
1 MMeIoIIlee OTpe/ieJieHHbIe OTIMUMS OT Macia, Beipaboranuoro CCMH/I,
MOXeT OKa3aTb BJIMSIHME Ha IIPOLlecC M3TOTOBJIEHMS CIOEHOro TecTa
M u3genuii U3 Hero. BmecTe ¢ TeM coCTaB UM IIpyBJIeKaTe/lbHble Opra-
HOJIETITMYEeCKMEe XapaKTepUCTUKM TPAgULMOHHBIX BUIOB CAMBOYHOIO
Macia, a Takke BO3MOXKHOCTb BIMATb Ha MX IIACTMUYECKME CBOJCTBA
TIOCPeACTBOM Pa3HbIX CbIPbEBBIX M TEXHOJTOTMYECKUX d)aKTOpOB JeaeT
€ro MHTepecHbIM 0ObeKTOM MCC/IeOBaHMS /ISl JTaHHOTO 1eJIeBOTro MpK-
MeHeHMs1. OcO6eHHO 3TO BaXKHO B COBPEMEHHbIX YCIOBUSIX CHUKEHUSI T10-
CTaBOK Mac/ia 3apy6eskHOro IIPOM3BOJCTBA, KOTOPOE MCII0/Ib30Baa YacTh
MTPOU3BOAMUTENEN U3IE/NIi 3 CJIOEHOTO TecTa. B 60bIIMHCTBE PETMOHOB
OTMeYaloT TPYLHOCTH, CBSI3aHHbIe C 3aKYIIKOJ TaKOTO >XMPOBOIO ChIPbS,
M VYT €My a/JbTepHAaTUBHYIO 3aMeHy [24,25], a mpon3BoAnTeN CINBOY-
HOTO Mac/ia IMbITAI0TCST pa306paThCsl, KAKUM OHO HO/KHO OGbITh, UTOGBI
YIOBJIETBOPUTbH 3aIIPOCHI KOHAUTEPOB.

Llens mccrenoBauuii — M3y4UTb BO3MOKHOCTb IIPMMEHEHMS CII-
BOYHOI'O Macja, BbIpabaThIBaeMOro Ipeo6pa3oBaHyeM BbICOKOXKMPHbIX
C/IVIBOK, TPV M3TOTOBJIEHVM M3ZIeNii 13 CJIOEHOTO TeCTa ¥ 060CHOBATH
BO3MOJKHbIe ITyTM KOPPEKTUPOBKM €r0 COCTaBa M CBOJCTB C IIeJIbI0 YIy4-
LIeHNS ero 11eJIeBOro Ha3HaueHusl.

2. O6'BeKTHI ¥ METOABI

2.1. O6Bexkmol u Memodbl NPU UCCAE008AHUU HCUPOBOZ20 CbIPbS

O6beKTaMy MCCIe0BaHNs GbUIM TUITMYHBIE 06pAa3Lbl CIVIBOYHOTO
Macia, Mpou3BeeHHble MeTOLOM COMBaHMS CIMBOK B MacJIOU3rOTO-
BUTEJISIX HeNpepbIBHOTO AeiicTBust — tun 1 (HoBast 3enanaus) u me-
tomom IIBXKC — tum 2 (Poccus), a Takke skupoBas dasa, BblIeIeHHast
U3 HUX.

st BeIAEIeHNsI KMPOBOH (dasbl 13 Maciaa Mpoby MPOAYKTa Maccoii
40-50 r pacraBisv B XMMUYECKOM CTaKaHe Ha BOJSIHOI 6aHe (TepMo-
crar ¢ nepemenimBanmem tuia WB-4MS, SIA Biosan, JIaTBust) ipu TeM-
nepatype 65 °C, BbIIepKMBajM 0 MOTHOTO pacciaoeHust. JKupooii cioit
bunbpTpoBanM B CynnuibHOM 1kady (TepMoCTaT 31eKTPUIecKuit CyXoBo-
saymHbIi TC-1/80 CITY, Cmonenckoe CKTB CITY, Poccust) uepes ckiagya-
TBIVi GUIIBTP U UCIIONb30BAIN 115 TIOCTeNYIOUMX aHaIN30B.

Cocmas obpasyos macaa onpenensiv o 'OCT 32261-2013.

OpeaHonenmuyeckass oyeHKa 0OpasLOB IMPOBOAMUIACH
I'OCT 32261-2013.

Tepmoycmotiuueocms onpenensuiv o 'OCT 32261-2013.

Teepdocmy ycranasmyBamu o T'OCT 32189-20132. Temmepatypa ciin-
BOYHOTrO Mac/ia npy ucnbeiTanusx — (10 = 1) °C.

Boccmanasnusaemocms cmpykmypsl. Iloka3aTenb ONpenensin IO
COOTHOLIEHUIO BEIMYMH TBEPAOCTYU PaspyLIeHHO! CTPYKTYpbl Macia
K HepaspylLIeHHO} (MCXOLHOJ), BbIpa)K€HHO} B IpoleHTax. Pa3py-
LIeHVe CTPYKTYPbl Macjia MPOBOAMIM MeXaHMYeCKUM IIyTeM C MTOMO-
b0 MPUCIIOCOGIeHNSI TUITA IMIMHIP-TIOpLIeHb (Ipubop Hukonaesa)
(uwimHgp ¢ nopimHeM, ®TBY 3M3, Poccust). B miaotHO HabuTom cin-
BOUHBIM MacjJoM UuIMHApe npu Temneparype 10-12°C 60-kpaTHO
TIOBTOPSIM BO3BPAaTHO-IIOCTyIATeAbHbIe [BVKEHMS IOPIIHEM, TeM
CaMbIM Hapylasi MUCXOAHYI0O KOHCUCTEHLIMIO. 3aTeM HaKalbIBaau Macio
C pa3pylIeHHO CTPYKTYPOii B GOPMOYKY U IIPU ITOI ke TeMIiepaType
BBIIEP)KMBAIM B TeueHMe CyTOK. Jlanee macio B ¢popMouKe paspesa-
7y Ha npu6ope KamMyuHCKOro, n3Mepsisi TBEPIOCTh IOCIe pa3pyLIeHs]
CTPYKTYPBI.

Boimexarue 3#uokozo xcupa. [1J1s1 onpeneneHys okasaTess Ipoby Macia
B hopme Ky61Ka CO CTOPOHOI 3,5 CM TIOMelaiv Ha 5 c1oeB GuIbTPOBaIb-
HOJi Gymary, ylnoskeHHON B yauiky [leTpu, 1 BbLIeP)KMBaIM B TEpMOCTaTe
nipu Temrieparype 25°C B TeueHnue 24 4. [Toce 3TOro npoby oxyaaxkmamm
ripu 5 °C B TeueHue 30 MUH, OCTOPOSKHO YIA/ISIIM ¢ GyMary oCTaTKM Macia.
KommuecTBo BbITeKILEro sk1pa (B %) paccunThIBaIM IO popmysie:

CoriacHO

! TOCT 32261-2013 «Macio cimBouHoe. TexHuueckue ycaosus». — M.: Cran-
naptutdopm, 2019. — 21 c.

2 TOCT 32189-2013 «MaprapuHbl, XUpPbI A/ KyJIMHAPUM, KOHAUTEPCKOI, XJTe-
60T1eKapHOIi M MOJIOYHOI ITPOMBILUIEHHOCTH. [IpaBuIa MPMEeMKM U MeTObI KOHTP-
ossi». — M.: Crangaptundopm, 2014. — 35 c.
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(c-a)x100
Mew=—"—" 1
a0 w,
IJie @ — Macca yauky ¢ puabTpoBasibHOM 6GyMaroii, r; 8 — Macca Yallku
¢ buabTpOBaIbHOI GyMaroii u mpo6oit Macia, I; ¢ — Macca Jaukiu ¢ Gusib-
TPOBAIBHOI GyMaroif, MPOMUTAHHOM KMPOM, CBOOOMHO BBITEKIINM W13
mpo6bI Maca, I.

Codepitcanue IMyNb2UPOBAHHO20 Hupd. [1Jis OTIpeeieHNsI TIOKa3aTest
B CTEKJISHHbBIVI XMMMUECKUI CTaKaH MMOMeIaJiM HaBeCKy Macjia B KOJIU-
vecrBe 10 1 u 90 MiT AMCTIIIMPOBAHHO BOIbI (L, = 65 °C). Comepsku-
MoOe CTaKkaHa TIIATEeJbHO MepeMelIBaIi U MOMeLaIM B BOASHYIO 6aHI0
(Tepmocrart c nepeMemBanueM tTua WB-4MS, SIA Biosan, JIaTBust) mpu
temreparype 65°C Ha 5 MMHYT, 3aTeM IepeMBaIi B JeIUTENbHYIO BO-
POHKY M OCTaBJISUIA B TTIOKOe Ha 5 MUHYT. [lajiee CIMBaay HIWKHUI CIIO
SKUAKOCTY B 06beMe 80 M1 B Kooy u oxinaskaasny o 20 °C. B Hei ske orpe-
TleJIsUTM TIOKa3aTesIb MacCOBO TOJIM KUPA C IIOMOIIbI0 MOJIOYHOTO JKUPO-
Mepa (kupomep (6yTMpoMeTp) st Mosioka, Xumiadboprpubop, Poccust)
U BBIYMCISIIN TI0 hopmyrte:

IIx10

A= (100-3K)
rie IT — mokasaHue xupomepa; JK — MaccoBast 0/Is KMpa B UCCIeAyeMOM
nponykre, %.

x100% ),

CTpyKTypHO-MeXaHMuecKye [oKasaTeny macia (TBepAoCTb, BOCCTa-
HaB/IMBAeMOCTb CTPYKTYPbI, BbITeKaHME SKUJIKOTO JKMpa, COmepKaHue
SMYJABIMPOBAHHOTO XMpa), He HopMmupyemble o I'OCT 32261-2013,
MCIIO/Ib30BaIM KaK JOMOMTHUTENbHbIe KPUTEPUY OLIeHKY IIaCTUYHOCTY
Mac/ia M XapaKTepUCTUKY cTerenu obpaenust das [26].

Temnepamypa naasnexus xcupa onpegensuiacs o 'OCT 32189-2013.

JKupHokucnomHelii cocmag 06pasLioB CIMBOYHOro Macia. MeTuiosble
3bupbI KUPHBIX KUCIOT noayyanu o T'OCT 31665-20123. OnpeneneHue
SKMPHOKVCIOTHOTO COCTaBa MPOBOAMIM METOIOM ra30BOi XpoMaTorpa-
¢uy o TOCT 32915-2014*.

Maccogyto donto meepdsix mpuenuyepudos (TTI) onpenensiy METOLOM
VIMITY/IbCHOTO $II€PHO-MarHMTHOTO pe30HaHca C MCIO0Nb30BaHMEM aHa-
nmm3aropa Minispek mq20 (Bruker, USA) npsiMbIM MeTOZOM M3MepeHMst
o T'OCT 31757-20125.

2.2. O6Bexmol U Memoodsl Npu UCCIe008AHUL CI0EH020 mecma
u usdenuli u3 He2o

O6bexTaMy M3ydeHMsI 6bUIN CTIOEHOE TeCTO Y TOTOBbIe KPyacCaHsl I10-
c/1e BbITIeYKN. [IJIs X OLleHKM Ha JAaHHOM 3Talle JCClel0BaHmii IpyMeHs-
JIVI BU3ya/lbHble METOMBI: MPM3HAKaMMU KauecTBa CYMTANU CIIOCOOGHOCTH
K PacKaThIBAHNIO, OTCYTCTBME CBOGOILHOI BIAry 1 CBOGOIHOTO JX1pa MpK
packaTke 1 BbIIIeyke TOTOBbIX M3/eNii, CIOUCTOCTb BHEIIHero Bua. [Ipu
pasBUTUM JCCIeIOBaHMII B JaHHOM HaIpaB/leHUM IpeJCTaBIIseTcs Lie-
7ecoo6pa3HBIM UCIIONb30BaHME B Jla/bHelIIeit paboTe MHCTPyMeHTalIb-
HBIX METO/IOB UCCIe0BaHNIA.

[/l M3TOTOBIEHMST KPyaccaHOB GbUIa MCIOMb30BaHA KiaccHyecKast
peLenTypa CJIOGHOrO APOJXOKeBOro TeCTa ¢ 3aMeHOJ MaprapyMHa Ha CJIu-
BOYHOE MacJIo, mpesicTaBieHHast B Tabmuue 1 [27].

Tabmuua 1. PenenTypa 06pa3noB KpyaccaHoB [27]
Table 1. Recipe for croissant samples [27]

HaumeHoBaHMe MHTpegVeHTa Hosu%onxa, HOSM]?I?BKa’
Myka nueHuYHast B/C 100,0 0,500
Mornoxo cyxoe 4,0 0,020
I poskskM Xme6GoreKkapHble MPeccoBaHHbIE 5,0 0,025
Conb 1,8 0,009
Caxap 10,0 0,050
Macio B TeCTo 5,0 0,025
Maciio Ha ciioeHue 43,5 0,218
Bona 49,0 0,245
Htoro — 1,092

5 TOCT 31665-2012 «Macsa pacTUTEIbHbIE U KUPbI XKUBOTHbIE. TlonyueHne
METHU/IOBBIX 3GUPOB KUPHBIX K1CI0T». — M.: Crangaptundopm, 2013. — 8 c.

4 TOCT 32915-2014 «Mo/IOKO M MOJIOYHAs MPOAyKIys. ONpeneseHue sKup-
HOKMCJIOTHOTO COCTaBa METOJOM ra3oBoii xpomatorpadum». — M.: CTaHZapTUH-
dbopm, 2015. — 10 c.

5 TOCT 31757-2012 «Mac/a pacTuTe/bHbIe, KMUPbI KUBOTHBIE U TIPOAYKThI UX
nepepabotku. OnpeesieHne comepskaHmsi TBEPOTO KMUPa METOJOM UMITYIbCHOTO
SIepHO-MarHUTHOTO pe3oHaHca». — M.: Crangaptuudopm, 2014. — 16 c.

Tpoliecc M3TOTOBIEHMSI KPyaCcCaHOB BKIIIOUAN B ce6sT TPaAUIVIOHHbIE
TEeXHOJIOTMYEeCKNe olepalyy MPUroTOBIeHUS POACKEeBOrO TeCTa: 3amec
TecTa, ieJieHMe TecTa, MOATOTOBKA CIMBOYHOTO Macja, packaTKa U cjioe-
Hue TecTa, GopMOBaHYe TeCTOBBIX 3aTOTOBOK, PACCTOIKA 1 BbITTeuka [27].

Bamec mecma. BpIIO BBITIOTHEHO [Ba 3aMeca TecTa Ha Kaskablil 06pa-
3e1] Macia. CeIpbe GbIIO MIPeIBAPUTENHHO ITOATOTOBIEHO: ChIITYYMe TIPO-
IIYKTBI TIPOCESHBI; COJIb, Caxap, APOXCKM PaCTBOPSUIUCH B TEIUION BOe
npu Temneparype 25-27°C; Boja, ucCIoiab3yeMasi [Jisl 3ameca, Oblia
oxyiaxkaeHa no temrepartypsl 0-4°C. [Iyig Kakaoro ob6pasiia Macia BbI-
TIOMHSIIN 3aMeC BpyuHy10. Bpems 3ameca 10 muH. TemniepaTypa roToBOro
TecTa cocTasisiia okono 30 °C.

Ienenue mecma. Iocie 3ameca TecTo 060X 06pasiioB 6bII0 pasesie-
HO Ha paBHbIe KycKu Maccoit 200 T 1 OXJIaKIEHO B XOTOIMUIBHOM LKAy
npu temneparype 8 °C go Temnepatypsl 16—-18 °C.

ITodzomoska cnugourozo macna. CiMBOYHOE Macjio ObUIO Hape3aHo
1 pacKaTaHO B IJIACTHI MPSIMOYTOJIbHOM (hOPMBI BHICOTOI TPUOGIU3UTEITb-
HO 1,0 cm. TToAroTOBIEHHOE MAC/IO OXJIAXKIEHO B XOIOAMIBHOM IIKady 10
Temnepatypsl 10-12°C.

Packamka u cnoeHue mecma. TecTo 6bII0 packaTaHo B GopmMy MpsiMoy-
rosibHMKa. CIMBOYHOE Macio (TIOATOTOBIEHHbI IJIaCT) C TeMIIepaTypoit
14.°C pa3MelleHO B cepeMHY, 3aKPbITO KpassMM TeCTa U MPOKaTaHo.

It 060ux 06pasiioB LUK CIOEHUST GBI TIPOBENEH TPU pasa C OX-
JIAKIEHMEM TecTa MeXIYy LMKJIaMU B XOJOOWIbHOM HIKady B TeueHue
30 MUH.

dopmosaHue mecmosuslx 3azomogok. TecTo 6bIIO packaTaHO B IIACT
MPSIMOYTOJIbHOM (DOPMBI M pa3zieneHo Ha TMOoMocKkM mupuHoi 8—10 cm,
Jlajee MOJIOCKY pa3pes3aaych 10 TOPMU30HTaAM Ha fBe yacTu. Kycok Tecra
OBLT pa3zesieH 110 IMArOHAM U CBEPHYT B «YJIUTKY», YIOKeH Ha JIUCT TIep-
raMeHTa Ha pacCTOSTHUM JPYT OT Apyra IPUMEPHO 5 CM.

Paccmoiika u gvineuka. PaccToiika M3genuit mpoucxonnia mpu TeM-
nepatype 26 °C ¥ OTHOCUTEJIbHOI BIaKHOCTYU Bo3ayxa 75-80% B Teue-
Hue 20 MuH. Vi3menus BpIeKanuch B TedeHne 15 MUH Mpy TeMIlepaType
200°C.

Ipu packaTke CI0€B TecTa ¢ 06pa3aMy CIMBOYHOTO Macjia BU3Yallb-
HO OLI@HMBAIM UX IMPOYHOCTD (06Pa3yIOTCS MIIM OTCYTCTBYIOT TPEIIMHBI,
HaJIpbIBbI), @ TAlOKe CTelleHb MHTerpalyy Macia B CJIoM TecTa (BbITeKa-
HMe WU OTCYTCTBME BBITEKAHMSI Macja MPU PacKaTKe U3 CJIOEB TeCTa).
ToToBbIe M3Aenysl BU3yaabHO OLIeHMBaJN 110 BBICOTE U T10 CTeIIeHU MHO-
rocoitHocTu. @oTorpadum moxyyaayu mpy MOMOIIY KaMepbl cMapTQoHa.

2.3. Mamemamuueckas 06pabomka 0aHHbLX

ViccienoBaHms MPOBOAVIIN B 3—5-KPaTHO MOBTOPHOCTM T10 KQXKIOMY
TUITY UCCJIEOBaHHBIX 00pa3i[oB Macia. 06paboTKy MOTyUeHHBIX JaHHbIX
U TIOCTPOeHMe IpadMKOB OCYLIECTBIISUIM C UCIIONIb30BAHMEM KOMITbIO-
TepHO¥ rporpammbl Microsoft Excel 2016. [Ijis1 OlleHKM CTaTUCTUIECKN
3HAUMMBIX pa3aNuMii MeXAy obpasuaMy Maciaa IPUMEeHSUIM OfHOdaK-
TOPHBIN AucrepcuoHHbli aHanmu3 ANOVA. [l npoBefeHus] MapHOTO
CpaBHEHMsI BbIOOPOK MCIIOIb30BAIN AroCTepuOpHble Kputepun ThIOKK.
CraTuCTUYeCcKy 3HAaYMMBbII pe3yabTat ouenyBanm mpu p < 0,05.

3. PesynbTaThl M 06CYRAEHME
PesynbTaThl MCCIENOBAHMI cocTaBa OOpasiOB Macia IPUBEIEHbI
B Tab6nuie 2.

Ta6nuia 2. CocTaB 06pa3moB Macia
Table 2. Composition of butter samples

MaccoBas gouns xxupa, %

Tun MaccoBasi MaccoBast
06pasiuoB yKaszaHHas daxriue- IOJIST ‘;ilarn, IOJIs gOMO,
Macia i ymakoske cKast ° ©
1 82,9 82,6 1,0 15,7+0,2 1,8%0,1
2 82,5 81,7%£1,0 16,3+ 0,2 2,0£0,1

Ipumeuanue: maHHble TpUBEAEHbI B (GopMe «cpefHee 3HAUYEHMUe * CTaH-
[apTHOE OTKJIOHeHue». JlaHHbIe B CTONOLAX CYIECTBEHHO HE PasiInMyaroTcs
(p>0,05), Kpome 1oKasaTesieit B CTo61e co 3HAaKOM «*» ripu p < 0,05

ITo moka3aTesto MaccoBoit momu skupa (Tabmuiia 2) o6pasipl CIMBOY-
HOTO Mac/la C y4eTOM IpeJesia JoITycKaeMoyi IIOrPelIHOCTH Pe3y/IbTaToOB
M3MepeHMii TIpu OBEPUTENbHOI BeposiTHOCTU 0,95 COOTBETCTBOBAIMU
T'OCT 32261-2013. B o60ux THI1ax 00pas3i[oB Macjia CpeHee OTKIOHEeH e
110 MacCOBOJ1 l0Jle BjIary He IPeBbILIalI0 YCTAHOBIEHHO MOrPeIHOCTI
metona (* 0,3%). CnemoBaTenbHO, ITO TIOKa3aTes0 MacCoOBO JO/IM BJIaru
06pasibpl COOTBETCTBOBAIM TPEOOBAHMUSM HOPMATUBHOTO JOKYMEHTa Ha
JaHHbBIA BUJ, IPOAYKLMHA. B 06pasiiax BTOporo Tura, rmosyueHHbix [IBXKC,
6bUIO OTMEUEHO HECYIeCTBEHHOE OTHOCUTENIbHOE IOBBILIeHMEe Macco-
BOJ [IONM BJIArM, KOTOpPOEe He JO/KHO CKAa3aThCs HA BbIIETEHMM BIaru
IIpY pacKaTKe TeCTa.
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Ta6nuua 3. OpraHonenTuyeckas OleHKa 06pasoB Macia
Table 3. Organoleptic evaluation of butter samples

Tun Bkyc u 3anax KoHcucreHnus IIBeT
06pasinos
Macia XapaKTepucTuka 6a/uIBI XapakTepucTuKa 6a/UTBI XapakTepucTUKa 6auIBl
CNIMBOYHBIN BKYC, IPUBKYC BBITOIIJIEHHOTO TInoTHas, IIacTUYHasl, P —
1 sk1pa, 6e3 MOCTOPOHHUX TIPUBKYCOB U 8,0%0,3 OIHOPOIHAsI, C/Ierka 5,0%0, OHOPOMHBI IO B7C6171 Macce ,0+0,2
3araxoB 3aMe/lJIeHHOe TasiHue
C/IMBOYHBIN BKYC ¥ IPUBKYC NacTepusalumn IInacTuyHas, mioTHas BiienHO->kenThIN
2 YC M IIPUBKY Pusalunt, - g 5403 ) g 50%0,3 o ’ 2,0£0,2

6e3 IIOCTOPOHHMX MPUBKYCOB 1 3aI1aX0B

DKCIepTaMy JeryCcTalyoHHOV KoMuccuy 6blia IpoBeieHa OpraHo-
JienITuyeckasi OlleHKa MccieIyeMbIx 00pa3iioB Macia (BKYC U 3arax, [iBeT
Y KOHCUCTeHUMS). [JaHHbIe OpraHONEeNTUYeCKO OLIeHKM TpUBEeHEeHbI
B Tab6nuie 3.

II;1s1 BBICIIETO COpTa CAMBOYHOTO Macia cortacHo I'OCT 32261-2013
rpebsiBIeHbl 0COObIe TPeGOBAHMSI: OLIEHKA 3a BKYC 1 3amax He MeHee 8,0
6aJII0B, OIleHKa 3a KOHCMUCTEHLIMIO He MeHee 4,0 6a/UToB, OlleHKa 3a I[BET
He HIpKe 2,0 6a/1I0B.

Vcxonst u3 nanHbix Tabauiiel 3, oljeHKa 3a BKYC U 3aIax MCCIel0BaH-
HBIX 06pa3I0B Mac/ia COOTBETCTBOBAIA 3HAUEHMSIM, XapaKTePHBIM JIJIsI
Macia CIMBOYHOTO BhIciiero copra. CiaemyeT OTMETUTb, YTO 0OPa3Lbl
tumna 1 ommyanuch 6onee 3aMeyIEeHHbIM TasiHUEM B OT/IMYME OT 0Opas-
LIOB Mac/Ia Tuma 2. 3To 06yCIOBIEHO pasanumeM KIMMaTUYeCcKuX yCIo-
BUI, PALIIOHOB KOPMJIEHMUS ¥ TIOPOJ, IAKTUPYIOIINX JKMBOTHBIX B CTpa-
Hax, e Mpou3BOAMIOCH Macio [28,29,30], a Takke OCOGEHHOCTSIMU
CTPYKTYpPbI Macja, BbIpaGOTaHHOTO METOJOM HEeIPepbhIBHOTO COMBaHMS,
4TO COIVIACYeTCsI C paHee IIPOBeeHHbIMM JCIefoBaHusImu [31,32].

VIMmeHHO 6Graromapst MPUBKYCY MmacTepusanyuu B 06pasiiax Mmacjia BTo-
poro Tura 6at 3a BKYC 1 3arax 0Ka3ascs Bblllie, yeM B 06pa3siiax rmepBo-
ro Tumna. ITIocKo/bKy B TeXHOJIOTMY NPOV3BOACTBA CIMBOYHOTO Macjia 3a
py6eskoM HeT TpeGoBaHMit K BhICOKOTEMITEPATYPHOI 00paboTKe CIMBOK,
BBIPa’)KEHHOTO MpPMBKyca IacTepusaluy B TaKOM Macje He C/IefoBajio
OXUAATH, UTO TMOJATBEPAWIOCH pe3ylbTaTaMy McciegoBaHuii. Hamane
CIMBOYHOCTM ¥ BBIPAYKEHHOTO IPUBKyCa MacTepusalyyl B OT€YeCTBEH-
HOM Macjie MOXKeT 6JarorpusiTHO OTPasUTbCS Ha OPraHOMeNTUYeCKUX
XapaKTePUCTUKAX TOTOBOTO KOHAUTEPCKOTO U3/IeNNs, B PellelIType KOTO-
pOTO OHO GyeT MPUMEHSITHCSI.

CTPYKTYpHO-MeXaHMYeCcKMe TOKa3aTean MCCIeJOBaHHbIX 06pa3LoB
npuBeneHbl B Tabnuiie 4.

Ta6nuiia 4. CTpyKTYpPHO-MeXaHYeCcKye MmoKa3aTean
06pasuoB macia
Table 4. Structural and mechanical properties of butter samples

3HaueHMe roKasaTesiei IJist

HammeHoBaHMe IMOKa3aTesst THIA 06Pa3sLOB MacIa

1 2
TepMOyCTOIUMBOCTD, efi. 0,63 0,05 0,71 0,04
TemriepaTypa 1aBiaeHus xxupa, °C 31,7+0,5 31,9+0,5
TBepmoctb, H/M* 154,0+ 3,0 204,0 4,0
BoccraHaBiIMBaeMoCTb CTPYKTYPBI, %™ 95,5+ 5,0 80,9+5,0
BbITekaHue KUIKOTO Xupa, %* 7,7+0,3 8,6 £0,5
CopepskaHue SMYIbIMPOBAHHOIO Kupa, % cyiespl crenpl

Tpumeuarue: naHHbIe MPUBeIEHbI B (hOpMe «CpefiHee 3HaUEeHMe * CTaHIapTHOE
OTK/IOHEHMe». [laHHbIe B CTOMOIAX CYIECTBEHHO He pasianuaiTcs (p>0,05),
KpOMe TI0Ka3aTeJieii B CTPOKe €O 3HAUKOM «*» ipu p < 0,05

3HaveHMe II0Kas3aTessl COofepskaHMsl 3MY/IbIMPOBAHHOTO 3KMpa Ha
YPOBHE CJIeIOBbIX KOJTMYECTB YKA3bIBAET HA TO, UTO, HE3aBUCUMO OT Me-
TOZA MPOM3BOACTBA, UCCIeJOBAHHbIE 06PAa3Ibl CIMBOYHOIO Macjia Xa-
PaKTepPU3YIOTCS Kak KMPOBOI MPOAYKT C 06PATHBIM TUIIOM JUCTIEPCUN —
«BOJla B MacJjie», IIPUTOAHBIM ISl MCIIOJIb30BAHMUSI B COCTaBe CJIOEHOTO
TecTa.

ITo rmokasaTeynio TepPMOYCTONYMBOCTH, XapaKTepU3YOIeMy CII0C0o6-
HOCTb MacJia COXPaHsSITh CBOIO OPMY ITPM MOBBIIIEHHBIX TEMIIEPATYPax,
YCTaHOBJIEHO, YTO 06pa3Ifbl Macia BTOPOrO TUIA OTIMYAINUCh GoJiee BbI-
COKOJ1 TEpMOYCTOUMBOCTHIO B CPAaBHEHMM € 06pasjaMu IepBOro TUIIA.
JTO OOGBSICHSIETCS OTHOCUTETHHO TOBBIIIEHHBIM ITOKa3aTeleM MacCo-
Boit momu COMO B maHHBIX 00pasiiax ¥, COOTBETCTBEHHO, YCUIEHUEM
ero poiu B popMMUpPOBaHMM CTPYKTYPhI Macja. B 11eioM mcciegoBaHHbIe
ONBITHBIE 06PA3LIbI XapaKTePU30BAIUCH YIOBIETBOPUTEIBHON MU XO-
porueii TepmoycroitunBocTbio (1o TOCT 32261-2013 oHa fomkHa GbITh
He Hwke 0,7). BapMaTMBHOCTH MOKa3aTesiss TEPMOYCTONYMBOCTI 06pa3-
110B Macia, n3rotosiaeHHsix CCMH/L (tum 1), neskana B obmactu 6oee
HU3KUX 3HAYEHUIA.

OOHOPOOHAs, JIETKOIIJIaBKast

OIHOPOJIHBIIA 110 BCelt macce

BenuunHa rnokasarens TeMIiepaTypbl IUIaB/eHNUs, IPU KOTOPOJ SKUP
1epexoguT M3 TBEPAOro COCTOSIHMSI B KalelbHO-)XMUJKOe, 3aBUCUT OT
COOTHOULIEHUSI KUPHBIX KUCJIOT B MOJIeKy/le TPUITIUIEPUIOB, TO €CTb OT
JCIIONIb3YeMOTO ChIPbS, ¥ CAYKUT OIpefeNsIolMM IoKa3aTesleM IIpu
dopmMupoBaHMM BKYCOBBIX KauecTB roToBoro mponykra [30]. VI3 maHHbIX
Tabnuipl 4 cemyet, 4To 06pasiibl Maciaa 06J1aAaau CXOKUMU MEXIY CO-
6071 110 BeMYMHe 3HaYeHVSIMY TeMIIepaTypbl IIaBaeHNsI XKupa.

3HaueHye TBePIOCTM, OLEHMBAaeMoOe KaK I0Ka3aTelb CIOCOOHOCTU
Macjia OKa3bIBaTh COMPOTMBIIEHME [P €ro pa3pe3aHuy, Bbllle y oopas-
110B BTOPOTO THUIA. BbICOKMe 3HaUeHMsI JaHHOTO [10Ka3aTeNsl CBUeTelNb-
CTBYIOT O 60Jiee pa3BUTOM KPUCTAIINUECKON pelleTKe B MPOAYKTe, KO-
TOpasl pa3pylaeTcs: Mpy GONbIIeM YCUWINHU, UTO U ObUIO B AajabHenem
OTMeYeHO IIpU packaTke TecTa B IjacT. [loBbIllIeHHas! TBEPAOCTb Macia
BTOPOrO TMUIIA ITPOBOLMPOBana 06pa3oBaHMe Pa3pbIBOB ILIACTa Maciaa
MIpU packaTke, IPY UCIOIb30BAaHMM Macja MepBOro TUIA 3TOrO He Ha-
6JTI0HAI0Ch.

BoccraHaBaMBaeMOCTb CTPYKTYPbI, XapaKkTepu3yolast crereHb oopa-
TUMOCTMU CBsI3€ii B CTPYKTYPHOIJi pellleTKe MPOAyKTa, KOCBEHHO yKa3bIBa-
eT Ha pa3BUTOCTb KOATY/ISLMOHHO CTPYKTYpPBbI B IPOAYyKTe. VeanbHoi
CUMTaeTCsl KOAryIsLMOHHO-KPUCTaIIM3aliOHHasl CTPYKTypa MpPOAyKTa
¢ npeobnasaHMeM KOAry/SIMOHHOM (IIPM 9TOM MPOLYKT OZHOBpPEMeH-
HO SIBJISIETCS IUIOTHBIM, TEPMOYCTOMUMBBIM M IUIACTUYHBIM). B 06pasiax
Mac/ia epBoro TUTa JAHHbI MMoKas3aTelb XapaKTepu30Baics GOMbIIUM
3HaYeHNeM B CPaBHEHMM C MACJIOM BTOPOTO THUMA. DTOT (HaKT SIBISIETCS
3aKOHOMEePHBIM, YUMUTBIBAsI BIMsIHNE MeTO[a TPOMU3BOACTBA Mac/ia Ha ero
KOHCUCTeHLMIO. KpucraymMsanyoHHble CBS3M Macia, BbIPaGOTAHHOTO
meTopmoM IIBXKC, BoccTaHaBIMBAIOTCS Xy3Ke, UTO TaK)Ke HeTaTMBHO BIINSI-
eT Ha [JIaCTUYHOCTb Macja Ipy packaTke.

CriocOGHOCTb CTPYKTYPbI MPOLYKTA YAEPKMBATH SKUAKUI KUD OT-
HOCUTCS K TIOKa3aTeslo BbITEKaHMS XKMIKOTO Xupa. PaBHOMepHoe ero
pacripefieieHue M Xopollee yaepsKuBaHMe CIIOCOOCTBYIOT IOBBIIIEHUIO
MJIaCTUYHOCTM NPOAYyKTa. M3uiliHe BbICOKOe 3HaueHMe 3TOro Iokasa-
Teqsl CBUETeNbCTBYeT O HeJJOCTaTOUHO PaBHOMEPHOM paclpefereHNn
SKMJIKOTO 3KMpa 1 00 yepskMBaHUM ero B Kapkace 13 TBEPIO0ro XKupa, YTo
MOKeT 06YCJIOBUTD CJIOUCTOCTh KOHCUCTEHIINY, HU3KYIO TePMOYCTONYM-
BOCTb ¥ IOBIUATh Ha Gosiee GbICTPOe OKMCIEeHMe KUpPA MPU XpaHeHUU
poayKra. 115t Macia TpaguIMOHHOTO cocTaBa (kupa > 80%) ¢ xopommum
pacmpefeneHyeM KUAKOTO XKMpa STOT IoKa3aTesb JO/KeH HaXOAUThCS
B Ipenienax oT 7% 1o 9%. B o6pa3siiax Maciia mepBoro TMIa 3HaueHue 3To-
0 TI0Ka3aTeJssi TOBOPUT O Gosiee XOpOolIeM yaepsKMBaHUY K1pa B IIaCTe
Maciia, YTO 0OBIYHO COMTPOBOXKIAETCS 3aMellJIeHHbIM TassHMeM, OTMevae-
MbIM B paHee BBIIIOJHEHHBIX paborax [31,32]. B o6pasijax BTOpOro tuma
3TOT NOKa3aTeslb Bblllle, UTO KOPpeIUpyeT C OpraHONeNTIeCKOo OljeH-
KO, IIpU KOTOPO# OTMevasach 60Jblas IerKOIJIaBKOCTb Macia.

JKMPHOKUCIOTHBIM COCTaB JXMPOBOJ (asbl 06pasloB CIMBOYHOTO
Macsia rpencrasieH B Tabnuiie 5.

JKMPHOKUCIOTHBIM cOCTaB KMPOBO# (a3bl 06pasloB Maciaa 060MUx
TUIIOB COOTBETCTBOBAJ 3HAUE€HMSIM, perJlaMeHTMPyeMbIM HOPMaT/BHBIM
JIOKYMEHTOM Ha JaHHbI BuA npopykiyy. He6onpime pasnnymsi orme-
YeHbl B COZlepsKaHUM TaTbMUTMHOBO KMUCIOTbI, KOTOPasi SIBJSI€TCSI OLHOM
113 OCHOBHBIX HaChILIIeHHBIX KUC/IOT MOJIOYHOTO JKMpa U XapaKTepu3yeTcst
BBICOKOJ TOUKOJA [71aBJI€HVSI ¥ 3aCThIBAHMS, IPMABAst Macty 6osee TBep-
JIy10 KOHCUCTEHIIVIO, UTO KOPPelIMUpyeT CO CTPYKTYPHO-MeXaHN4eCKUMU
roKasaTessiMM UCCIeOBaHHBIX 06pa31Li0B Mac/Ia 1 COIIACyeTcsl C pe3yib-
TaTaMy APYTMX uccineqoBanmii [18].

CoOTHOIIEHNSI METWIOBBIX 3GUPOB U UX TPymnIl B obpasuax tuma 1
u 2 npepcTaBieHbl B Tabauiie 6 M MMEIOT 3HAYeHMs, COOTBETCTBYIOLIE
I'OCT 32261-2013. B cB43M € pasnnumueM B COCTaBe OTHEeNbHbBIX )XUPHBIX
KMCIOT B 06pa3iiax Macjaa BTOPOro TUIa nepsble Tpu KoadbduiyeHTa co-
OTHOILIEHU SIB/SIOTCSI 60see BHICOKMMMY, YeM Y 06pa3IioB Mac/ia epBoro
TUIA.

OCHOBHBIM TIOKa3aTesieM, ONpefesSIoUM TeXHOIOTMYecKye CBOJCT-
Ba SKMPOB, SIBJISIETCS coepykanye TBepabix Tpurmuepunos (TTT) mpu pas-
JIMYHBIX TeMIlepaTypax [18,34], mosToMy 3TOT ITOKa3aTeb pacCMaTpuUBasI-
Cs1 M 1J1s1 OLIeHKM 06Pas3iioB CIMBOYHOTO Mac/ia /1Sl CJIOEHOTO TecTa.
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Tab6nuiia 5. JKUpHOKMCIOTHBIN COCTaB 00pas3i0B Macia
Table 5. Fatty acid composition of butter samples
CopepskaHue JXUPHBIX KUCIIOT, %

MonoYHBbI XUP,
BbIJ€IeHHbI
3 06pasuoB Macia

CornacHo
I'OCT 32261-2013

TIpunoxeuue b
VcioBHOe 0603HaYeHe (Tp )

SKUPHOJ KUCJIOTBI, ee w
HaMMeHOBaHNe >§ § = >§ §
Tum 1 Tum 2 E i E E é
tsi i
= Ko = %
C,, Macnsanas 3,20£0,30 3,11%0,29 2,4-4,2
C,,, Kariponosas 2,23%£0,20 2,13%£0,20 1,5-3,0
C,,, Kanpuiosast 1,40+0,09 1,30+0,09 1,0-2,0
C,,, Kanpunosas® 3,16+0,11 2,86%0,10 2,0-3,8
C,,., Heuenosas® 0,22+0,01  0,25+0,01 0,2-0,4
C,,, /laypuHoBa’a 4,74+0,11 3,23+0,07 2,0-5,7 2,0-44
C,,o MupucruHoBa'a 11,16 £0,19 10,27 +0,17 8,0-13,0
C,,, Mupncronennosas™ 1,430,053 1,60 0,03 0,6-1,5
C ¢, HambMuTrHOBaAS® 26,22 0,25 28,68 0,27 21,0-33,0
C,,., Mambmuronennosas™ 2,88+ 0,05 2,64 +0,04 1,5-2,4
C,;, CTeapunoBa’a 10,87+0,11 10,41%0,10 8,0-13,5
Cg., Onennosas™ 24,18 0,28 24,65+0,29 19,0-33,0 20,0-32,0
Cg., JuHONEBAS™ 3,25+0,12  3,49%0,13 2,2-5,5
C,q; JIMHONEHOBAS™*? 0,72+0,03 0,61*0,03 o 1,5
C,.o ApaxuHoBas® 0,14+0,01 0,17%0,01 o 0,3
C,,, berenosas 0,07+0,01 0,07 0,01 o 0,1
[Tpoune 4,13+0,25 4,53+0,27 4,0-6,5

*B cymMe M30MepOoB.

Ipumeuanue: maHHble TpUBeNeHbI B (GoOpMe «cpemHee 3HAueHue * CraH-
JApTHOE OTK/JIOHeHMe». JlaHHble B CTONOLAX CYI[ECTBEHHO HE Pa3iInyaroTcs
(p>0,05), Kpome MoKasaTesieit B CTPOKe CO 3HAUKOM «a», rae (p < 0,05)

Ta6nuia 6. COOTHOLIEHUSI METWIOBBIX 3()MPOB M UX IPyIIIL
Table 6. Ratios of methyl esters and their groups

MosiouHbIii )kMp, I'paHUIIBI COOTHO-

BbII€/IEHHBIN U3 IIeHUJ B MOJIOYHOM

06pa3ioB Macia JKMIpe COIIacHO
I'OCT 32261-2013

CooTHoOLIEeHNS —
MeTUIOBBIX 3(DMPOB U MX oy = g
T n = 2= =3}
Py Tunl Tum2 £ R £33
5 H 5 &
SaE £a
RS S s
= X4 =
Mammuritiosod (C,q,) 55 89 50-145 58-145
K 1aypuHoBoii (C,,, )
Creapuiionoit (C,y,) 2,3 32 1,7-59  19-59
K 1aypuHoBoii (C,, )
OnemroBoit” (C.,) 2,2 24 15-36 1,6-36
K MUPUCTUHOBOIA (C , )
JIuHonesoit* (CI%Z) 0,3 0,3 0,1-0,5
K MUpUCTUHOBOIA (C )
CyMMbI 0JIEMTHOBO#*
Y IMHOJIEBOIT* K CyMMe
JIaypUHOBO¥, MUPUCTUHOBOA, 0,5 0,5 0,4-0,7

MMaJIbMUTUHOBOM
U CTeapUHOBOI

Ipy IpoBeieHMM UCCIIeIOBaHNI ObIT BBIOPAH AMAara3oH TeMIieparyp,
OXBaTbIBAIOIMII TEXHOMIOTMYECKNE OTlepalyy, CBSI3aHHble C packaTKOi
U TIOATOTOBKOJ CJIOEHOTO TeCTa K BbINeuke. ['padmk 3aBUCMMOCTI MaCCO-
Boit momu TTT 06pasiioB Macia OT TeMIIEPATypPhl IIPeCTaBIeHbI KPUBOiL
iaBjieHus: Ha PucyHke 1. AHaiuM3 KpMBOIi TIaB€HMSI KMpa MO3BOJISIeT
BBISIBUTH PSIJi XapaKTepUCTUK Macia (TBEPLOCTb, IOMKOCTb, TUIACTUY-
HOCTb, CITIOCOOHOCTb K PAaCKaTKe) ¥ MO3BOJSIET YMCIEHHO MX IpPe/CTa-
BuTh. CornacHo nanubiM O’Brien, onTuManpHast TEKCTypa TOTOBOTO TeCTa
TpeGyeT paBHOMEPHOTO pacIipefesieHNs KMPOBOro c1osi 6e3 pa3pbIBOB
MIpM MHOTOKDAaTHOM pacKaTbiBaHMM [18]. OnTuManbHble TeXHOIOTMYe-
CKM€e PEXMMbI 06pabOTKM TecTa HAXOHNATCS B Y3KOM TeMIIepaTypHOM

nuamnasone (15-20°C), mpy KOTOPOM MacjaO CTAaHOBUTCS ITONATINBBIM,
HO He m3nuuHe MAarkum. Vccieposanusimu Haegens [19] nokasaHo, 4To
pa3pbIBbI CJIOSI Macia, 06BIYHO BbI3BAHHBIE HECOOTBETCTBMEM MSTKOCTY
Macjia U TecTa, IPUBOASIT K TPo6sieMaM Py M3TOTOBIEHUY TeCTa U BN -
10T Ha KaueCTBO TOTOBOTO IMPOIYKTa B LiesoM. CorntacHO JaHHBIM Renzetti
[12], cnoit macna ¢ Hu3kMM comepxkanveM TTI B guamazoHe paboumx
TeMIlepaTyp 6ymeT yBelMUMBaThCS MOCPEACTBOM HAIMIIAHUS C KasKIbIM
MOC/IeAYIOMIMM ILIATOM JIMCTOBOTO MPOKAaTa. DTOT MPOLiecc co3paer 6ia-
TOINPUSITHBIE YCIOBMS JIsl 0Opa30BaHUs «KapMaHOB» B TeCTe, KOTOpPbIe
CIy>KaT KaHalaMy [IJIs1 BBIXOJA I1apa, UTO HeraTUBHO BIMSIET Ha BBICOTY
U TEKCTYpy IOTOBOrO m3fenus. Torma Kak MCIOIb30BaHMe CJIMBOYHOTO
macia ¢ BbiIcokuM comepskanmeM TTI mpu packaTke M pacCToiike TecTa
criocobeTByeT husMueckoMy paspbiBy ero cioes [18].
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PucyHnok 1. KpuBble niaBjieHus Xxupa
Figurel. Fat melting curves

U3 panHbIx PucyHka 1 BUHO, YTO TeHAEHIIMYM B U3MEHEHUY KPUBBIX
IJIaBJIeHYS ABYX 06Pas3IoB Macia MIEeHTUYHbI. KprBbie HOCST TIONOTHIA
xapakrep. He6ospIme pa3nnums B OKa3aTessix HabII0AAI0TCS B Juarna-
30He TemrepaTyp Bbilie 12-14 °C, 6oyiee BbIpaskeHHbIE Pa3IUUMs BbISB-
JIeHbI B I1anasoHe TemmepaTyp oT 20 °C 1 Bblllle, UMEHHO B TeX YCIOBUSIX,
IIPY KOTOPBIX MPOXOAVIIN OTlepaluy PacKaTKM U PacCTOKY Tecta. Boee
Hu3kue nokasareny TTT B 06pasiiax Macia mepBoro TUIA MOJIO0KUTETbHO
TIOBJIVISUIA Ha 3TU OTIepaLyi.

MaccoBast f1omnsl TBepIbIX TpUIIMLepuaos npu temmeparype 20°C
ompefiensieT Takue CTPYKTYpHO-MeXaHMUYeCKMe CBOJCTBa, KaK TBep-
IOCTb ¥ TIOMKOCTb. YeM Boitie 7omst TTT, Tem TBepske sKkup, 4To Koppenn-
pyeT co 3HaUeHUsIMM ITOJyYeHHbIX [T0Ka3aTeseii TBepAocTy. UeM Bbllle
maccoBas ponst TTI mpu temmneparype 25-30°C, TeMm Bblllle TepMOY-
CTOIUMBOCTD JXM1pa, 4TO TakK’Ke COOTHOCUTCS C ITOJIYYEHHBIMM 3Haye-
HUSIMM TIOKa3aTessl TEPMOYCTOMYMBOCTY 06pa3ioB Macia. KonmnuecTso
TTT B unTepBasie Temrepartyp 30-35 °C 06yciaBIyBaeT OpraHoNenTm-
YyecKye CBOICTBA MPOAYKTA: BHICBOOOXKIEHNE apOMaTUUECKUX BEIeCTB
U TIOsIBJIeHMe 16O OTCYTCTBME OGBOJAKMBAEMOCTY Heba Tpu TOTpe-
671eHMY TPOAYKTOB C BBICOKMM cofiep>kaHMeM kupa [35]. Huszkoe comep-
skarve TTT pu JaHHO# Temriepatype B 060Mx o6pasiiax Koppeanpyer
C OCTAaTOYHO BBICOKMMM 6A/UIOBBIMY OLleHKaMM 32 BKYC 1 3arax 060X
TUIIOB 006pPas31oB.

Vcxonst u3 TpefCTaBlIeHHBIX JAHHBIX, MOXKHO IPEATIONOXKUTD, UYTO
CJIMBOYHOE MAcI0 POCCUIICKOTO MTPOM3BOMCTBA C MACCOBOIL 10t sKupa
Boitire 80,0%, BhipaboTanHoe mMeTomom [IBJKC, MokeT ObITh IIPUTOIHO
II7IS1 VICTIONb30BaHMs B KaueCTBe SKMPOBOTO ChIPbS NMPU M3TOTOBIEHUM
CJIOEHOTO TecTa. BMecTe ¢ TeM eCcTb HEOOXOAMMOCTh KOPPEKTUPOBAHMS
3HAUYeHMt ero TBEPAOCTM ¥ BOCCTAHABIMBAEMOCTY CTPYKTYPBI, a TakKe
3HAUeHMI rokasareseit comepykanms TTT B HeM fJ1st obecrieueHust 6onee
BBICOKMX €T0 TEXHOJIOTMYECKMX CBOVICTB C 1eJIbI0 3 HEeKTUBHOTO MpumMe-
HEHMSI B KaueCTBe KOMIIOHEHTA B CJIOEHOM TeCTe.

V3yueHne mpoliiecca MPUTOTOBJIEHMSI CJIOEHOTO TecTa I10Ka3asio, YTo
IpYU pacKaTKe TecTa KOHTPOJIbHbIe 00pasibl Macia (Tuml 1) 6butn 60ee
MJIACTUYHBIMM, TUVIOTHBIMM U yOOOHBIMU B pabore. TecTo u Macio pac-
KaThIBa/IMCh paBHOMepHO. Toraa Kak C10ii Macia BTOPOro TUIla (OIIbIT)
MpY MeXaHMYeCKOM BO3[EMCTBMM PBAJICS, IO KpasM ObICTPO TIaBUIICS
(PucyHoK 2). ISl ero packaTku MOTpe6oBaioch Gonbliee (Gusmyeckoe
yCUJIMe, HO BbIIEJIEHNUS BJIaTU U CBOOOIHOTO KMPa BO BPEMSI €ro pacKkar-
KU He OTMeyasoch.

B mpotuiecce paccToiiky M3enns U3 CJIOEHOTO TeCTa, IPUTOTOBIeHHO-
T'O C CITO/Ib30BaHEeM KOHTPOIbHBIX U OTIBITHBIX 06pa30B Maciia, MOgHM-
MaJCh PAaBHOMEPHO, ¢ 06pa30BaHMeM ITy3bIPbKOB BO3/1yXa, BbITEKAHMSI
K1pa He Habmoganock (PucyHoK 3).
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PucyHok 2. PackaTka cj1os Macia
Figure 2. Rolling out a layer of butter

C maciom CCMH/I, — Tum 1 C macyiom IIBXKC — tum 2

PucyHok 3. 3penue mociie paccToKu
Figure 3. Product after proofing

Vi306pakeHne TOTOBBIX M3eNnii TIPeCTaBIeHo Ha PucyHke 4 B 06-
1eM BIJie U B pa3pese.

V3pmenmsi, M3rOTOBIEHHBIE C MCIIOIb30BaHMEM OITBITHBIX ¥ KOHTPOJIb-
HBIX 00pa3loB Macia, MMeay GIeCTSIYI0 CBeTIO-KOPUYHEBYIO TOBepX-
HOCTb, OTYETIMBO IPOCMATPUBaeMble CJIOM, OGMamaiu BbIPAsKEHHBIM
CIMBOYHBIM apOMaTOM, XapaKTepHbIM ISl JaHHOTO Buja usnenus. bo-
Jiee BBIPAKEHHBI apoMaT B FOTOBBIX IPOAYKTaX ObUT OTMEYeH Ipu MC-
OJIb30BaHMM POCCUIICKOTO CIMBOYHOTO Maciia, M3TOTOBJIEHHOTO METO-
oM [1BJKC. ITomydeHHblIe pe3yabTaThl M X MHTepIIpeTalys COINacyoTCs
C JAHHBIMU 3apyOeKHbIX MccmenoBaTeneit [12,18,19] o BAMSIHUY CTMBOY-
HOrO Mac/a Ha KayeCTBO FOTOBBIX CTIO€HbIX U3 e/Nii.

4. BpiBOABI
Ha ocHOBaHMM Mpe/iCcTaBIeHHbIX Pe3Y/IbTaTOB MCCIeN0BaHMIt 000CHO-
BaHa BO3MOYKHOCTb MIPUMEHEHNMSI CJIMBOYHOTO Macja JJisi M3TOTOBJIEHMSI

C maciom CCMH/I — tun 1

C maciom IIBXKC — T 2

PucyHok 4. T'oToBble usgenus
Figure 4. Finished products

CJIOEHOTO TecTa, BbipabotraHHoro metoaom IIBXKC u mosBosisioniero mo-

JIy4yaTb TOTOBBIE U3IENNSI C XapaKTePHbIM BHELITHUM BULOM U MPUSITHBIM

BKycOoM 1 3artaxoM. C y4eTOM MeHbIIIeli TUIaCTUIHOCTY 3TOTO BUJIa Macia

B CpaBHEHMM C 3apyOekHbIMM 06pasiiaMiu, M3TOTOBJIIEMBIMU METOLOM

COMBAHMS CTMBOK B MACJIOM3TOTOBUTEIISIX HEIIPEPHIBHOTO EMCTBMSI, He-

06X0aMMO B JalbHEMIINX UCCIeqOBaHMIX 060CHOBATD YCIOBMSI TPOU3-

BOJICTBA Macjia, 00ecreunBaolye ciefyiollee M3MeHeHe mokasaresein

ero KavecTna:

U moHmkeHMe 3HAUEHUS] TBEPLOCTU MPU OJHOBPEMEHHOM IOBBILIEHUN
3HAUeHMsI BOCCTAHAB/IMBAEMOCTHM CTPYKTYPBI Mac/ia, KOTOPbIe BO3MOXK-
HO TIOyYUTh 33 CUET KOPPEKTUPOBKU PEKVMOB MacI000pa30BaHMs;

U nmoHwkeHne 3HayeHmii conepkanus TTT 3a cueT akTMBHOTO BIVUSTHUS
Ha palyoH KOPMJIEHMS SKMBOTHBIX B pa3Hble TIeproJIbl TO1a;

U moBbllleHNe 3HAYEHWUIT MACCOBOI TOJM KMpa B Macjie MpU OZHOB-
pemenHom cHyskeHuyr COMO u Biaru, 4YTO MOSKET CITOCOGCTBOBATh
MeHbIIIeli TeCTPYKIMHU TUIacTa Macia Py ero packaTke.

Ipu mpoBemeHUM HATbHENIINX MCCIeIOBaHMIT 11€71eCO00pasHO [ist
06BEKTUBM3ALINY PE3YIBTATOB UCCIEIOBAHMIA JOTIOTHUTENBHO UCIIONb-
30BaTh MHCTPYMEHTAJIbHbIE METObI OL[€HKV CJIOEHOTO TeCTa M M3eNnil
U3 Hero.
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BISCUITS ENRICHED WITH THE EDIBLE POWDER
OF ANGOUMOIS GRAIN MOTH (SITOTROGA CEREALELLA): OPTIMIZATION,
CHARACTERIZATION AND CONSUMER PERCEPTION ASSESSMENT
Sobhy M. Mohsen!, Amal Ashraf!, Sayeda S. Ahmed?, Tarek G. Abedelmaksoud'*

! Food Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt
2 Department of Entomology and Pesticides, Faculty of Agriculture, Cairo University, Giza, Egypt

ABSTRACT

During this study, the dried powder of Angoumois grain moth (Sitotroga cerealella) (AGM) was used as an excellent source of
protein to produce nutritional biscuits. Physical, chemical, rheological and microbiological characteristics of biscuits with the
optimum AGM percentage (5%) were evaluated compared to the control. The response surface methodology (RSM) with opti-
mal (custom) design was first employed for optimizing the percentage of the AGM powder in biscuits. The optimum selected
percentage of the AGM powder was 5% and a quadratic model was found to yield the best fit. The evaluation of parameters of
biscuits (ash, protein, fiber and fat content) showed that most of the values, except carbohydrate, significantly increased with
AGM inclusion (5%) compared to the control. Also, an increase in diameter, spread ratio and weight values and a decrease
in the thickness and break strength of the biscuits were observed with AGM powder inclusion. The presence of the 5% AGM
powder slightly increased water absorption, and dough development time also increased compared to the control sample.
However, stability of dough decreased. The sanitary conditions of the AGM biscuits were satisfactory as the analytical results
were within the established values specified in the regulation. The study revealed that Angoumois grain moth is an excellent
source of nutrients necessary for combating protein-energy-malnutrition rampant in our world today.
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INEYEHBE, OBOTI'AIIEHHOE ITUIIIEBBIM ITOPOIIIKOM
AHTYMYA3CKOI MOJIA (SITOTROGA CEREALELLA): OIITUMU3ALINUA,
XAPAKTEPUCTUKA U OHEHKA ITOTPEBUTEJIBCKOI'O BOCIIPUATUA
Moxcen C. M.}, Ampad A.!, Axmen C. C.2, Abemenbmakcyn T. I.1*

! @akymnpTeT HayKy o nuie, CerbCKOX03sCTBeHHBIN pakynbreT, Kaupckuit yuusepcuret, 'nsa, Erumner
2Kadenpa 5HTOMOJIOTUM U ITeCTULMIOB, CeIbCKOX03sIICTBeHHbII akyabTeT, Kaupckuit yHusepcuter, I'nsa, Erumner

KJIFOYEBBIE CJIOBA: AHHOTALL A
domawiHue punbmpsl B maHHOM MCCIEMOBAHMY MCIIONB30BAJIM CYXOJi TIOPOLIOK AHTYMYyasckoi monu (Sitotroga cerealella) (AGM) Kak ITpeBOCXOMI-
600bl, PUIBMPOBAHHAS HBIi MCTOUHUK 6eJIKa [JIs IPOM3BOLCTBA MUTATEILHOIO TedeHbs. OueHnBanu Qusnueckne, XMMUUECKIE, PEOTOTUIECKIe
800a, Xumuueckoe ¥ MUKPOGMONOTHMYECKME XapaKTePUCTUKYU TIeUeHbsl C ONTUMATbHBIM TpouieHTOM AGM (5%) 1Mo cpaBHEHMIO C KOHTPOJIEM.
u Mukpobuonozuueckoe CHavasa Gbl IPMMEHEH MEeTO/ IIOBEPXHOCTYM OTK/IMKA /IS ONITMMMU3aLMy MIPOIieHTa mopomka AGM B niedeHbe. ONITUMAaIb-
Kauecmseo, HbIM BBIGPAHHBIM MPOLIEHTOM opoiika AGM 66110 5%, 1 GbIJIO YCTAHOBJIEHO, UTO KBaJpaTUUYHAasi MOJIE/b JaeT Haubobllee
6e38pedHocmb 8006l coorBetcTBMe. OlLleHKa IOKa3aTeseii reyeHbsl (ComepskaHue 307bl, 6esiKa, KIeTYaTKy M Kupa) 1oKasasa, YTo GOMbIINHCTBO
3HAUYEeHU1, 3a MCK/IIOUEHVEM YIJIEBOZIOB, CYLIIECTBEHHO YBEIMUMIOCh IPU BKItoYeHUM 5% AGM 1o cpaBHEHUIO C KOHTPOJIEM.
Kpowme Toro, Habmonanu yBeauueHme AuaMmeTpa, OTHOIEHNS AaMeTpa K TOMIIHE Y Beca, M CHVKeHMe TOJIMHBI M Pa3pPbIB-
HOTO yCWJINSI TTeYeHbs P BKITIoueHuy nopoika AGM. [pucytcrue 5% nopoiika AGM HeCKoIbKO YBeJIN4MBaI0 abcoponio
BOJIbI, TAKKE YBEJIMYMBAIOCH BpeMsi 06pa30BaHMs TeCTa 10 CPaBHEHMUIO C KOHTPOJIbHBIM 00pasioM. OqHAKO CTabMIbHOCTh
TecTa CHIsKasach. CaHMTapHOE COCTOsIHME MeueHbst ¢ AGM GbUTO YIOBIETBOPUTENBHBIM, TaK KaK Pe3yIbTaThl UCCIIEAOBAHMS
6bUTM B TMpeesaX YCTaHOBJIEHHBbIX YPOBHEN, YKa3aHHbIX B HOPMATUBHBIX JOKyMeHTax. [JaHHOe ¥MCCaeqoBaHMe MPOJeMOH-
CTPUPOBAJIO, YTO 3€PHOBASI MOJIb SIBJISIETCS TPEBOCXOHBIM VICTOYHMKOM HYTPUEHTOB, HEOOXOAMMBIX J1s1 60PbOBI C HETIOIHO-
LIeHHBIM MMUTAHKEM U HEIOCTATKOM OeJiKa ¥ SHEePIUM, paCIIPOCTPAHEHHbBIX B HAllIEM MUpPe B HACTOSIIee BPeMs.

BJIATOJAPHOCTU: ABTOpBI BhIpaskatoT 6;1arogapHoCTb Kadeape HayKy O Mullle, CeTbCKOX03siicTBeHHOro dakynbreTa, Kaupckoro yHuBepeurera 3a
MOAIEPKKY JaHHOV pabOThI.

1. Introduction

Food security, quality and nutritional value are the world’s most
pressing concerns to meet an increase in population and shortage of food
sources. Malnutrition has been a problem for most of consumers caused
by insufficient diet. For centuries, wheat has been a central component of
the typical diet of the country’s inhabitants. Egypt is the most populous
country in the Arab World, and the largest importer of wheat globally [1].
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There is a big shortage of wheat, which is considered the main in-
gredient in bread and other bakery products. The present state of food
security in Africa makes it pertinent to search for new alternatives for
wheat that could enrich the basic diet. There are an increase in popula-
tion worldwide and, consequently, an increasing demand for additional
sources of proteins. Many studies were conducted using different plant
protein sources like beans and soy to improve the quality of wheat flour
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dough and bakery products. Also, due to the shortage in the traditional
sources, different trials are focused on the non-traditional sources such
as insects and algae [2].

Recently, the high nutritional value of edible insects has attracted the
attention of researchers and the food industry for their potential use in
foods. Edible insects contain around 35-61% proteins, 15-40% fats, and
3-10% minerals (e. g., iron, selenium, and zinc) and vitamins (mainly
those of the B-group) [3]. Therefore, they can be used as good sources
for these nutrients to improve health and avoid starvation. Edible insects
are part of the diet for at least two billion people all over Asia, Africa, and
South America. In Europe, Asia, and Africa, consumers’ interest in insect-
based foods is quickly increasing. Therefore, the new novel foods Regula-
tion (Regulation 2015/2283) entered into force in January 2018 has given
the green light for insect-based foods which safety has been assessed by
the European Food Safety Authority (EFSA) upon the request of the Eu-
ropean Commission and which have been authorized by the Commission
for placing on the market within the Union to be legally sold in all EU
member states [4].

Certain insect species such as Hermetia illucens, Acheta domestica,
Tenebrio molitor, Macrotermes nigeriensis, Macrotermes bellicosus, Brachy-
trupes megacephalus, Ephestia cautella, Spodoptera littoralis, Agrotis ipsi-
lon, Ephestia kuehniella and Schistocerca gregaria, as well as Syntermes sol-
diers, can be targeted for being incorporated as a powder in food products
providing additional nutrients.

There were several studies that used edible insects as a supplement
in bakery products to increase the nutritional value and improve qual-
ity characteristics of the bakery products such as studies by Ogidi et al.
[5] who added Brachytrupes membranaceus, Macrotermes nigeriensis and
Rhynchophorus ferrugineus in cookies, Pérez-Rodriguez et al. [6] who add-
ed Tenebrio molitor and Sphenarium purpurascens in bread and Kowalski et
al. [7] who added Tenebrio molitor in sponge cakes.

De Oliveira et al. [8] made a conclusion about the safety of cinereous
cockroach (Nauphoeta cinerea) in bread. In their study, the insect flour
showed satisfactory sanitary conditions since the results of the micro-
biological analysis of the flour with cinereous cockroach were within the
range of the established values specified in the regulation.

There is no reported data available on utilization of the Angoumois
grain moth (AGM) powder in food. Therefore, the aim of this study was
the use of Angoumois grain moth (Sitotroga cerealella) as a functional
food supplement with the high protein concentration for different con-
sumer categories, especially children. The percentage of the AGM powder
was optimized; then, physical, chemical, rheological and microbiological
properties were studied.

2. Materials and methods

2.1. Materials

Angoumois grain moth (Sitotroga cerealella) (AGM) was provided by
the Agricultural Research Center, Department of Biological Control, Giza,
Egypt. Other ingredients such as wheat flour, sugar, butter, baking pow-
der, and eggs were purchased from the local market in Giza, Egypt. All
chemicals, solvents, and reagents were provided by PioChem Company
(Egypt).

2.2. Selection of insect variety

Different varieties of insects, i. e. Mediterranean flour moth (Ephes-
tia kueniella), almond moth (Ephestia cautella), Angoumois grain moth
(AGM) (Sitotroga cerealella), cotton leafworm (Spodoptera littoralis) and
palm weevil (Rhynchophorus ferrugineus) were evaluated for their produc-
tivity.

2.3.Rearing of Angoumois grain moth, Sitotroga cerealella (Olivier)
(Lepidoptera: Gelechiidae)

The wheat grains were boiled, strained, spread over trays and left to dry.
Then, the wire trays were filled with the dried wheat grains (6 kg/tray). The
dried wheat grains in trays were infested with the grain moth eggs (1g
egg moth/1kg wheat grains). The wire trays were placed in a horizontal
position. After ten days, S. cerealella eggs hatched and the wire trays were
placed vertically in the cages and maintained until emergence and falling
of the moths in the plastic jars fitted under each cage. The plastic jars
were replaced daily. After that, the collected moths were emptied into
the wire cylinders (wire screen allows Sitotroga eggs to fall through and
prevent the moths to escape).

2.4. Production of the AGM powder

AGMs were dried using an oven (Shel-lab, Cornelius, OR, USA) at dif-
ferent temperatures (from 50°C to 160 °C) at different times (2hrs and
4hrs). The dried AGMs were ground by an analytical mill (Cole-Parmer,
Vernon Hills, IL, USA), sieved up to 50 mesh and stored at —20 °C (Blocean,

Egyptian Electrical Appliances Co., Egypt) in brown laboratory bottles
until further analysis.

2.5. Preparation of biscuits using the AGM powder

Five formulations of biscuits were made using the method of Olu-
wamukomi et al. [9] with some modifications as follow. The AGM pow-
der was individually added to wheat flour, mixed and then water, sugar
(22.5%), butter (40%), eggs (0.3%) and baking powder (2.8%) were added.
The ingredients were mixed and the dough was continuously mixed until
a smooth consistency was obtained. The dough was then kneaded, and
rolled out thinly on a cutting board where it was cut out into uniform
shapes and sizes. The cut dough was placed in a greased baking tray and
transferred into the oven (Zanussi, Electrolux, Italy). The biscuits were
baked at 180°C for 20-30 minutes, cooled, and packed. The weight of
each biscuit was determined (10-15g).

2.6. Optimization of the AGM powder percentage

The response surface methodology (RSM) was used to examine the
effects of the AGM powder percent (independent variable) on the overall
acceptability, texture, and color values (L, a, and b) (responses) of biscuits.
An optimal (custom) design was used: AGM powder (0-15%) as shown in
Table 3. Analysis of variance (ANOVA) found the significant terms in the
model for the responses (overall acceptability, texture and color values (L,
a, and b)) and model ANOVA statistics investigated the validation of the
equation. Statistical calculations were made using the regression coef-
ficients in order to generate a response surface plot from the model (Trial
version of Design Expert Version 10.0.6 software).

The generalized second-order polynomial model was used in the re-
sponse surface analysis, which is described by (Equation 1):

Y=a,+ax+a,x? (6]
where

Y is the response variable;

X, (AGM powder%) is the independent variable.
Regression coefficients are:

a, is for intercept;

a, is for linear term;

a,, is for quadratic term.

The experimental data were fitted to a second-order polynomial
model (Equation 1) to obtain the regression coefficients. Using the R?
adjusted-R?, predicted-R? (should be over 0.90), and prediction error sum
of squares (PRESS) values, the adequacy of the model was checked. Good
model fitting is shown by a high predicted R? and a low PRESS [10]. The
perturbation plot was also used to compare the effects of the factor at a
particular point in the design space. Response surface and contour plots
were then generated. The optimization of percentage of the AGM powder
for overall acceptability maximization, assigned texture and color values
(L, a, and b) in the range was done by using a desirability function. Desir-
ability function d(y) ranges from 0 to 1 for each response (y), and depends
totally on closeness to the lower and upper limits. The range of the de-
sirability value is from 0 (which represents a totally undesirable value
of y) to 1 (which represents an ideal or completely desirable value of y).
Many desirability functions can be used depending on whether a certain
response is to be maximized, decreased, or allocated to a target value [11].

In this study, the main objective of optimization is maximizing the
overall acceptability and assigned color values (L, a and b) and texture to a
target value to be in the range (response, y). Equations 2, 3 and 4 describe
the desirability function as follows:

dy)=1,y<L (2)
o-L)

d(Y)=m,L<y<U (3)

dy)=0,y>U 4)

where L and U are the response’s lower and upper limits, respectively.

By the desirability function method, maximization of polynomials was
carried out using a trial version of design expert version 10.0.6 software.

2.7. Consumer perception

Participants were given a link to the online questionnaire by email and
social media, using the free online survey tool Google Form (WhatsApp
and Facebook). A succinct explanation of the current study was provided,
and participants were encouraged to contact us with any questions by
email as well as by typing, calling from a cell phone, or speaking directly
during the contact. The current study examines consumers’ perception of
biscuits, including AGM biscuits in general, and their desire to purchase
such types of biscuits but does not represent a particular market segment
or the total market population.
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There were 261 respondents to the Google form questionnaire: 54.4%
female and 45.6% male, the age range was 14 to 79. The educational level
of the respondents was as follows: high school (19.9%), a college degree
(32.6%), a master’s degree (23.8%), and a doctoral degree (23.8%) The
respondents were asked to rate how much they agreed or disagreed with
the statement “Consumers consider biscuits (AGM biscuits) as a source of
nutritional ingredients” as described by Torres et al. [12]. The survey was
divided into three parts.

The first three questions in Part 1 focused on demographic infor-
mation such age, gender, and educational attainment. The remaining
questions focused on the objective, which was to determine the level of
consumer perception of biscuits in general and the AGM biscuits in par-
ticular. To recognize and understand what the AGM biscuit product is, an
image of the product, a small voice and a call were introduced in this sec-
tion [13]. The respondents were asked the following questions:

O Which type do you find most comfortable to eat during work or as a
snack in between meals?

0 This is Angoumois grain moth (AGM). Did you hear about it and its

nutritional value before?

How many servings of biscuits do you consume daily in total?

Do you know functional food?

Instead of using commercial food, would you buy functional food?

Which consumer groups eat high-protein foods the most?

If AGM biscuits is a new product, will you buy them provided that

you know that they are an excellent source of protein, minerals, and

phenolic compounds?

What degree of your demands is met with AGM biscuits?

Which aspects of our product would you modify, if anything?

What do you think about the three-month shelf life of this product?

When compared to other biscuit varieties you’ve tried, the nutritional

value of our product is................

Part 2: The stimulus dialogue was used in the completion task. Three

stimuli were used as follows (Figure 1): The first stimulus —”Oh! The AGM

biscuits is a brand-new type of biscuits, I love biscuits so much that I nor-

mally buy them as......... ”; the second stimulus — “I like them very much,

but I won’t buy them if............ 7 the third stimulus -"If............ , Twill

buy them “[14].

The obtained data were analyzed as described by Torres et al. [12].
The triangulation method was employed to choose particular words or
phrases that participants had submitted. Three knowledgeable research-
ers then assessed the responses and organized them into groups based on
their individual interpretations. These groupings were joined to create
the categories, which were then broken down into each category based on
how frequently each group was referenced. The categories that accounted
for more than 5% of the responses were the focus of the analysis. This
was done in order to avoid the loss of a large amount of information [15].

Ooo0o0oOo

co0oOd

2.8. Chemical evaluation
The chemical composition of the samples, i. e. moisture, ash, protein,
fat, fiber, and carbohydrates, was determined according to AOAC [16].

I love biscuits 50
much that i

Oh! AGM biscuit
isa brand-new
type of biscuit

The total phenolic content (TPC) of the AGM powder samples was de-
termined using the Folin—Ciocalteu assay and expressed as mg Gallic acid
equivalents (GAE) per gram of powder [10]. Phenolic compounds in the
AGM powder samples were analyzed using HPLC following the protocol
described by Elsayed et al. [17].

Fatty acids were identified using gas chromatography-mass spec-
trometry analysis (GC-MS). The GC-MS system (Agilent Technologies)
was equipped with a gas chromatograph (7890B) and mass spectrometer
detector (5977A) at Central Laboratories Network, National Research
Centre, Cairo, Egypt.

The mineral content of the AGM powder samples was determined us-
ing inductively coupled plasma-atomic emission spectroscopy (ICP-OES:
Icap6000 serious, Serial No. Icp-20080614, England). Each sample was
measured twice to determine the macroelements, such as Ca and Mg as
well as the microelements, such as Zn and Fe. The amino acid profile was
determined by high-performance liquid chromatography (HPLC) (Agilent
Technologies Inc., Santa Clara, CA, USA) at Central Laboratories Network,
National Research Centre, Cairo, Egypt.

2.9. Physical evaluation

Thickness and diameter (using a vernier caliper) and weight (using a
balance, KERN, Kern& Sohn, Germany) of the biscuits were determined
[18]. The spread ratio of the biscuits was calculated by Equation 5.

Spread ratio = Diameter/Thickness 5)

The break strength was determined according to Okpala and Egwu
[19]. A biscuit of known thickness was placed between two parallel wood-
en bars, weights were added until the biscuit snapped. The least weight
that caused the breaking of the biscuit was regarded as the break strength.

The biscuits’ color parameters (L* a*, b*, and AE) were measured by a
Minolta colorimeter (Model CR400, Konica Minolta, INC, Tokyo, Japan).
The L* value representing lightness, the a* value representing redness
(with + values) and greenness (with — values), the b* value representing
yellowness (with + values) and blueness (with — values), and AE (total
color differences) were measured using methods described by Abedel-
maksoud et al. [10].

The hardness of biscuits was measured by using a three point test on a
Universal testing machine (Cometech, B type, Taiwan). The compression
strength of biscuits was measured at a 20% level of compression with a
cross-head speed of 100 mm/min and a flat ended probe (2.5 mm thick-
ness). All measurements were performed at an ambient temperature of
25 °C. The hardness was expressed in Newton (N).

2.10. Microbiological evaluation

The total viable count, mold and yeast counts and Staphylococ-
cus aureus were determined according to the international standards
ISO 4833-1:2013 [20], ISO 21527-1:2008 [21] and ISO 6888-1:2021 [22].

Detection of thermo-tolerant coliforms at 45°C was performed ac-
cording to the protocol described by Food and Drug Administration.2002/
updated 2017 [23]. The samples were also subjected to Salmonella analy-
sis based on the international standard ISO 6579:2002/Cor.3:2014(E) [24].

I love it very

Figure 1. Three (X, Y, Z) stimulus dialogues in the completion task

Pucyunok 1. Iuanoru c Tpems (X, Y, Z) crumyiaMu B 3a7ade 3aBepuieHMsI
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2.11. Rheological characteristics

The mixing behavior of dough obtained from wheat flour as a con-
trol and with the 5% AGM powder was studied using Mixolab (Chopin,
Tripette et al, Renaud, Paris, France). It measured in real-time the torque
(expressed in Nm) produced by the passage of dough between the two
kneading arms, hence allowing the study of its rheological behavior [25].
Parameters recorded from the Mixolab curve included: water absorption
(the amount of water required to reach the consistency of 1.1 Nm ex-
pressed as milliliters per 100g of flour at 14.0% mass fraction moisture
content), dough development time, and stability of the dough during
mixing that indicated the elapsed time, at which dough kept the maxi-
mum consistency.

Rheological characteristics of all samples were determined by a Cho-
pin MA 82 alveograph according to (ICC Standard 55 30-3) [26]. Each
alveograph chart was analyzed for four factors: P — the maximum over
pressure needed to blow the dough bubble (expresses dough elasticity),
L — the average abscissa at bubble rupture (expresses dough elasticity),
P/L — alveograph ratio, W — the baking strength and Le%- the flexibility
index. The variables represent the average of five curves from five dough
samples [27].

2.12. Statistical Analysis

Data were statistically analyzed using analysis of variance (ANOVA),
and the means were compared by the Turkey test, with 95% statistical
significance (o) and p <0.05, using XL STAT 2014.5.03 software (Addin-
soft, New York, USA).

3. Results and discussion

3.1. Selection of insect variety

Table 1 represents the quantity of powder produced for each insect
variety i. e. Ephestia kuehniella, Spodoptera littoralis, Rhynchophorus ferru-
gineus, Ephestia cautella, and Angoumois grain moth (Sitotroga cerealella)
(AGM) as follow.

Table 1. Yield of different insect varieties
Ta6muua 1. Beixop, pa3JIMYHbIX BUJOB HaCEKOMBIX

Variety Insect powder/ 100 eggs (8)
Ephestia kuehniella 10
Spodoptera littoralis 16
Rhynchophorus ferrugineus 5
Ephestia cautella 12

Sitotroga cerealella (AGM) 150

The above table shows that the selected insect was Angoumois grain
moth (Sitotroga cerealella) (AGM) according to higher yield compared to
other studied varieties. Therefore, the AGM powder was selected, evalu-
ated and used with wheat flour in biscuit making at different ratios.

3.2. Evaluation of the AGM powder

The chemical composition (moisture, ash, protein, fat, fiber, carbo-
hydrates and total phenolic content) was determined in the samples of
the AGM powder and wheat flour as shown in Table 2. The results dem-
onstrated that the AGM powder was rich in protein, fat, minerals, total
phenolic content and fiber compared to wheat flour. The use of the AGM
powder mixed with wheat flour will lead to an increase in the contents of
these components. The protein content of the AGM powder (54.26%) was
similar to that presented by de Oliveira et al. [8] for Periplaneta americana
L (65.60%) and Periplaneta australasiae (62.40%) showing a high content
of the component that was desired to elevate in the tested biscuits. The
use of the AGM powder mixed with wheat flour increased the protein con-
tent by 2% at 5% AGM powder substitution, respectively (Table 2). The
protein quality refers to its ability to meet the nutritional requirements
of humans for essential amino acids and non-essential nitrogen for pro-
tein synthesis purposes. Considering the average contents of the differ-
ent orders of insects, the main components of insects are protein and fat
followed by fiber and ash.

In regard to the amino acid profile of the AGM powder (Figure 2A), it
can be seen that those classified as essentials are present in large quan-
tities. Among them, histidine (13.17 mg/g), threonine (16.18 mg/g), va-
line (15.56 mg/g), methionine (9.29 mg/g), phenylalanine (13.22 mg/g),
leucine (31.55 mg/g) and isoleucine (14.93 mg/g) are worth mentioning,
since they are of great importance due to their daily intake necessity for
humans. It is known that wheat flour has a shortage of the essential ami-
no acids such as lysine, histidine, leucine and valine.

Figure 2B shows the fatty acid profile of the AGM powder. Oleic acid
(w9) with 45.16%, linoleic acid, the essential omega-6 fatty acid, with

12.01% and linolenic acid with 8.30% were present as unsaturated fat.
The omega-9 (»9) fatty acid showed a good concentration in the AGM
powder accounting for approximately 45.16% of total fatty acids com-
pared with beef marbling, which typically contains 43% SFA, 50% MUFA,
and 7% PUFA [28]. This high concentration is a positive factor, since the
9 fatty acids have a hypocholesterolemic effect [29].

Table 2. Chemical composition of wheat flour, AGM powder and 5%
AGM powder substitution
Ta6nuua 2. XMMuU4eCcKuii COCTaB MIIEeHNYHOI MyKH, mopomka AGM u ¢ 5%
3aMeHbI nopomkom AGM

Parameter Wheat flour poAggfe " 5%; lﬁglt\;[tgg‘gger
Moisture, % 9.87£0.08  19.89+0.13  10.36+0.01
Ash, % 0.63+0.09  2.77+0.07 0.73+0.05
Protein, % 13704011  54.26%0.15  15.72+0.04
Fat, % 2.66£0.10  6.88+0.10 2.87+0.02
Carbohydrates, % 7265005  15.68+0.10  69.75%0.08
Fiber, % 0.54+0.02  11.25+0.12 1.07£0.10
(Tr‘r’lg‘lc;ﬂe/‘é";ifcd‘gggght) 0.25%0.02 436009  0.448%0.10

Data are presented as means * standard deviation of triplicate determinations.

According to Hautrive et al. [30], the saturated fatty acid content in os-
trich meat was 27.34%, similar to that of pork ham (28.02%) and beef rump
(29%), while chicken (thigh and drumstick) was the one with the least per-
centage of 19.73%. When comparing these data with those found in the
AGM powder, we found a low percentage of saturated fat, which reached
less than half the value obtained for the chicken, and thus, the AGM powder
showed the lowest percentage compared to other meats. This indicates that
the addition of the AGM powder to biscuits can increase the percentage
of unsaturated fats (beneficial) and reduce harmful ones (saturated fats).
Saturated fat can contribute in the medium term and long term to the on-
set of obesity and cardiovascular disease; therefore, the low percentage in
the AGM powder is a positive point. The saturated fatty acids increased the
level of cholesterol in the blood by reducing the LDL-cholesterol receptor
activity and the clearance of LDL in the bloodstream [31].

Figure 2C shows that iron, magnesium, zinc and calcium were pres-
ent in different amounts in the AGM powder being 5373.58mg/L,
5718.97mg/L, 237.60 mg/L and 510.11mg/L for iron, Mg, Ca and Zn, re-
spectively. This indicates that the AGM powder was rich in Ca, Mg, Fe and
Zn. Akullo et al. [32] reported that the consumption of 25 g of crackers
enriched with 5% winged termites contributed 19.10% and 34.58% of the
recommended dietary intake (RDI) of iron and zinc in pre-school chil-
dren. However, the consumption of 25 g of biscuits enriched with the 5%
AGM powder contributes 100%, 100%, 89% and 0.4% of RDI of iron, zinc,
magnesium and calcium in pre-school children.

The results in Figure 2D present the concentration and identification
of phenolic compounds of the AGM powder. Vanillic acid (564.7 mg/kg),
p-coumaric acid (39.79 mg/kg) and quinol (12.06 mg/kg) were the major
phenolic compounds in the AGM powder extract. From a human physi-
ological standpoint, phenolic compounds are vital in defense responses,
such as anti-aging, anti-inflammatory, antioxidant and anti-proliferative
activities. Vanillic acid is a very important compound because it exerts
diverse bioactivity against cancer, diabetes, obesity, neurodegenerative,
cardiovascular and hepatic diseases by inhibition of the associated mo-
lecular pathways [33].

Microbiological evaluation of the AGM powder showed that it had a
satisfactory safety condition. The results of the microbial analysis did
not exceed the established values specified in the regulation [34,35].
Additionally, with increasing the heat treatment temperature of the
AGM powder up to 120 °C, the total plate count, mold and yeast count,
Staphylococcus aureus and thermo-tolerant coliforms decreased and
became to be within the acceptable limit. This indicates that the heat
treatment of the AGM powder at 120 °C for 2 hours inhibited microor-
ganisms and the AGM powder became safe according to the regulation
[34,35] and Table S1.

3.2. Effect of the AGM powder percent on the overall acceptability, texture
and color values (L, a, and b) of biscuits
The AGM powder percentage was chosen (Table 3) for RSM to evaluate
the impact of an AGM powder percentage on overall acceptability, tex-
ture, and color values (L, a, and b) of biscuits. It was observed during a
pretest experiment that AGM powder percentages greater than 15% re-
sulted in dark color changes in the biscuits.
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Figure 2. Evaluation of the AGM powder:
(A) amino acid profile; (B) fatty acid profile; (C) mineral content; (D) total phenolic compounds
PucyHoK 2. OneHka nopoumka AGM: (A) aMMHOKMCIIOTHBII Npoduiib; (B) >KMPHOKUCTOTHBIN TPOdNIb;
(C) copeprkaHMe MUHepalabHbIX BeniecTB; (D) o6mme deHoNIbHbIE cOeIVTHeHNS

Table 3. An optimal (custom) design with experimental values
of responses (overall acceptability, texture and color values
(L, a, and b) of biscuits)

Tabmuua 3. ONTMMAaXbHBIA (MHIVMBUAYAIbHBIN) AM3aiH
C 3KCIIEPVMEHTAJIbHBIMHU YPOBHSIMM OTKJ/IMKOB (Oﬁlllaﬂ IIpuemMjieMOCTb,
TeKcTypa u ypoBHU 1Beta (L, a, u b) neueHbst)

AGM

Run Overall Texture
order pmgc(l (;r% acceptability L A b o)
1

1 13.8 4.51 4392 1191 27.26 5.41
2 8.35 5.14 47.18 13.08 31.86 6.63
3 5 6 51.51 13.32 33.38 7.29
4 10 5.33 45.6  12.84 29.58 6.15
5 6.65 5.84 49.33  13.13  32.11 7.01
6 0 7.5 53.7 14.39 38.42 7.31
7 5 6.28 51.8 13.28 33.28 7.08
8 10 5.28 45.53  12.71 2941 6.09
9 15 4.3 43.65 11.75 26.12 5.56
10 10 5.16 4542 12.62 29.32 5.92
11 15 4.11 4381 11.63 26.01 5.42
12 12.5 4.82 44.51 12.11 28.12 5.63
13 11.3 5.03 45.06 12.51 28.31 5.88

Table 3 represents the measured overall acceptability, texture and col-
or values (L, a, and b) of biscuits. The second order polynomial equation
(Equation 1) was used for optimization of the AGM powder percentage
and multiple regression analysis determined the regression coefficients
for independent variables. The effects of the AGM powder percent on the
overall acceptability, texture, and color values (L, a, and b) of biscuits are
shown in Tables S.2, S.3, S.4, S.5 and S.6 with a 95% confidence interval
using ANOVA analysis.

The model displays an excellent fit with the measured overall accept-
ability, texture and color values (L, a, and b) of biscuits with a high level

of significance and less variance around the mean. The fitted model could
explain 97.7% of the response variability according to R*= 0.9779 of the
overall acceptability response. For L response, R? = 0.9987, which means
that 99.8% of the response variability could be explained by the fitted
model. For (a) response, R? = 0.9931, i. e., 99.3% of the response variabil-
ity could be explained by the fitted model. For (b) response, R? = 0.9875,
i. e., 98.7% of the response variability could be explained by the fitted
model. Finally, for texture response, R? = 0.9751, i. e., 97.5% of the re-
sponse variability could be explained by the fitted model. The adjusted
R? values for the models of overall acceptability, color values (L, a, and
b), and texture responses were 0.9735, 0.9980, 0.9896, 0.9850, and 0.9627,
respectively, and did not significantly differ from R? values. The lack-of-fit
was not significant (p>0.05). Based on these results, the model was sat-
isfactory for predicting the overall acceptability, texture and color values
(L, a, and b) of biscuits in the experimental ranges.

The negative linear effect of the AGM powder percent (x,) was sig-
nificant for the response variables (the overall acceptability, texture and
color values (L, a, and b) of biscuits). The quadratic effect of the AGM
powder percent (x,%) on color values (L, a and b) of biscuits was also found
to be significant (p<0.05). However, the quadratic effect of the AGM pow-
der percent (x,*) on overall acceptability and texture of biscuits was found
to be insignificant (p>0.05). The non-significant variables were removed
and the fitted second order polynomial equations (Equations 6, 7, 8,9 and
10) are shown as follows:

Overall acceptability = +5.70-1.60x, + 0.1829x* 6)
L=+48.15-9.60x, +4.87x,* + 4.60x5-4.32x * 7
a=+13.12-0.7594x -1.02x2-0.5895x * + 0.9460x * 8)
b=+32.838-4.57x, + 1.72x? ©)

Texture = +6.80-1.62x, + 1.55x 2+ 0.6939x° + 1.13x*
Where x,: AGM powder% is the coded value.

(10

To determine the optimum percentage of the AGM powder, second or-
der polynomial models were used for the responses (overall acceptability,
color values (L, a, and b) and texture of biscuits). Perturbation plots of the
response surface methodology (RSM)) and the model equation demon-
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significance of the AGM powder percent for the overall
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strate the significant influence of factor A (AGM powder%) on the overall
acceptability, color values (L, a, and b), and texture of the biscuits. The
effect of factor A (AGM powder%) is shown in Figure 3. The perturbation
plot (Figure 3) shows the following hierarchy of the relative effect of the
AGM powder percentage on the target responses: with increasing the per-
centage of the AGM powder, overall acceptability, color values (L, a, and
b) and texture of biscuits decreased.

By using the desirability function, the ideal AGM powder percentage
in biscuits was discovered at the highest levels of overall acceptability
and target texture and color values (L, a, and b). The 5% AGM powder
was selected as an optimum addition for maximization of overall accept-
ability and target color values (L, a, and b) and texture of biscuits, which
gave the best (predicted) result for maximization of overall acceptability
(6.16), target color values (L= 51.76, a=13.33 and b=34.43) and texture
(7.22N). The observed values of responses (overall acceptability, color val-
ues (L, a, and b) and texture of biscuits) were 6.28, 51.66, 13.28, 34.37 and
7.14, respectively.

3.4. Consumer perception of AGM biscuits

The most promising food category in the world right now appears to
be functional foods. Markets in Egypt today sell a variety of functional
food items, such as candies, milk products, juice, bars, biscuits, and cook-
ies. Based on customer knowledge and expectations, this study sought to
create a novel and healthful AGM biscuits. The questionnaire was split
into two sections, and the results are shown in Figure S1 and Figure 4.

Figure S1 displays the questions and respondents’ responses to them
from Part 1 of the questionnaire. As can be seen from the figure, the
most comfortable types of snacks for the respondents were bread items
(43.3%), fruits (11.1%), vegetables (10.7%), crackers (8.8%), nuts (8.8%),
and potato chips (7.3%). As for the knowledge of Angoumois grain moth
(AGM) and its nutritional value, 35.6% of the respondents knew about
them, 35.2% did not know, while 29.1% of respondents answered “may-
be”. About 7% of the respondents did not eat biscuits, 11.9% ate one
serving of biscuits a day, 18.8% ate two servings a day, 22.6% ate three
servings a day, and 39.8% ate ten servings a day. Answering the ques-

X  First stimulus — ,,Oh! The AGM biscuit is a brand-new type of biscuits, I love biscuits so much that

I normally buy them as............
261 responses

Itis expensive

Itis not healthy

| favour organic food

Preservatives are present in it

0 20

59 (22.6%)

62 (23.8%)

56 (21.5%)

84 (32.2%)

40 60 80 100

Y Second stimulus — I like them very much, but I won’t buy it them if............. ?

261 responses

Option 1

It is a quick snack while I'm at
work

| have children and they like it

It is wholesome and nourishing

Its price is reasonable

0 20

Z  Third stimulus — ”If............. , I will buy them “

261 responses

it is reasonably priced

it has more natural ingredients

it has different flavors
Many studies have discussed its
advantages

The amount and packaging are
appropriate.

0 20

93 (35.6%)

40 60 80 100

61 (23.4%)

56 (21.5%)

45 (17.2%)

55 (21.1%)

44 (16.9%)

40 60 80

Figure 4. Results of the online questionnaire about three (X, Y, Z) stimulus dialogues used in the completion task
PucyHOK 4. Pe3ynbTaThl OH/IAlH aHKeThI 0 Auanorax c Tpems (X, Y, Z) ctuMmynamu, UCIIOIb30BAaHHBIMMU B BBITIOJIHEHUY 33/5a4M
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tion “Do you know functional food?”, 47.1% of the respondents selected
“yes” and 52.9% selected “no”. The next question was “Instead of using
commercial food, would you buy functional food?”. The responses to this
question were “yes of course” (36.2%), “absolutely, but only if the cost is
reasonable” (35.4%) and “no, I am not interested” (28.5%). The respons-
es to the question “Which consumer groups eat high-protein foods the
most?” were “all consumer groups” (36%), “people having mental disabil-
ity” (19.9%), “children” (16.5%), “old people” (15.3%), and “young people”
(12.3%). As regards the question “If AGM biscuits is a new product, will
you buy them provided that you know that they are an excellent source
of protein, minerals, and phenolic compounds?”, 44% of the respondents
answered “yes”, 19.6% “maybe”, and 36.4% “never”. The high percent
(37.2%) of the respondents answered that AGM biscuits met the consum-
er demands very well, followed by those who answered “fine” (32.2%),
“well” (24.9%) and “badly” (5.7%). About 40% of the respondents would
not modify any aspect of our product, 21.1% would use various colors to
attract children, 18.4% would change the flavor, 14.6% would add other
components like fruits or nuts, and 5.3% would change price. Among the
respondents, 47.1% believed that the shelf life of this product was very
good, 24.5% thought that it was fine, 22.6% thought that it was good, and
5.8% answered that the shelf life was not good. Approximately 50% of
the respondents concluded that the nutritional value of our product was
better than that of other biscuit varieties they tried, 40.6% answered that
it was the same, while 9.2% thought that it was worse. Figure 4 shows the
percent of responses for three (X, Y, Z) stimulus dialogues used in the
completion task.

The information concerning consumer opinions and knowledge of
AGM biscuits that was acquired through the online survey was crucial.
Regarding the purchase intention (Figure S1), the samples of biscuits
with the Angoumois grain moth (AGM) powder received a positive atti-
tude toward purchase, with 44% of the judges stating that they would “of
course, buy” and 19.6% “possibly buy”, totaling a 63.6% positive response.
Since biscuits enriched with the AGM powder is an unknown product for
consumers, being new with respect to the culture of the judges, purchase
intention of 63.6% is considered a good result.

3.5. Evaluation of the wheat flour-AGM powder mixture

The chemical composition (moisture, ash, protein, fat, fiber, carbohy-
drates and total phenolic content) of the AGM powder, wheat flour and
5% AGM powder substitution was evaluated as shown in Table 1. The re-
sults demonstrated that the addition of the AGM powder at 5% to wheat
flour in the processing of biscuits caused an increase in protein, fat, ash,
fiber and total phenolic content by 2%, 0.2%, 0.1%, 0.53% and 0.2%, re-
spectively. However, total carbohydrates reduced from 72.6% in wheat
flour to 69.75% (Table 1).

3.6. Evaluation of biscuit quality (physical, chemical and microbial
properties of biscuits)

The results of the chemical composition of different processed bis-
cuits are shown in Table 4. Biscuits made from the 5% AGM powder and
wheat flour were chemically analyzed for moisture, ash, protein, fat, fiber
and carbohydrates (Table 4). The results demonstrated that the addition
of the AGM powder to wheat flour affected the chemical composition of
the baked biscuits and caused an increase in the protein, fat, ash and fiber
content of the biscuits with the 5% AGM powder by 1.39%, 3%, 0.4% and
0.58% compared to the control. This indicates that the addition of the
AGM powder increased the nutritional value of the baked biscuits com-
pared to the control.

The physical properties of different processed biscuits are shown in
Table 4. Physical characteristics of the biscuits made from wheat flour
changed with the incorporation of the AGM powder. In general, an in-
crease in weight, diameter and spread ratio values with the inclusion of
AGM flour and a decrease in both height and breaking strength were re-
corded. This was in agreement with the study by Baljeet et al. [36] where
buckwheat flour was added to wheat flour for biscuit making.

The spread ratio of biscuits, which is the ratio between the diameter
and the thickness, increased in a range from 8.56 to 9.05 compared with
the control (having the lowest value). The spread ratio increased with 5%
AGM powder substitution. The spread ratio is the most important param-
eter to assess the quality of biscuits as the high values of spread ratio
were considered the best according to Awobusuyi et al. [37] who reported
that the incorporation of termite flour in wheat flour reduced gluten con-
tent and hence, reduced the elasticity of the pasta as well as the thickness
of biscuits which might be responsible for an increase in the spread ratio
with an increase in the level of substitution of termite flour.

The AGM powder had a high and positive effect on the spread ratio
since its inclusion enhanced the spread ability of the biscuit samples.
The results also showed that the breaking strength of biscuits contain-

ing the AGM powder decreased from 283 g to 277 g for the control and
5% AGM, respectively. There is also a relationship between the spread
ability, height (thickness) and the breaking strength. The thinner a bis-
cuit, the lesser its ability to withstand stress/load. The inclusion of the
AGM powder in the biscuits produced affected the ability of the biscuits
to withstand stress. The use of composite flour for biscuit making in order
to reduce the breaking strength had been reported by Amjid et al. [38].

Table 4. Physical, chemical and microbial properties
of the biscuit samples

Ta6nuiia 4. ®usnueckue, XMMUIECKME M MUKPOGUOIOTUYECKH e
CBOVICTBAa 06PA3I0OB [IEYEHbsS

Sample Control 5% AGM
Moisture, % 3.13+0.06 1.6%0.10
Ash, % 1.47+0.05 1.7£0.14
Protein, % 4.99+£0.10 5.69%0.13
Fat, % 30£0.11 31.27+0.12
Fiber, % 0.84+0.06 1.24+0.07
Carbohydrates, % 59.6+0.11 59.37+0.10
Weight (g) 12.58+0.02 13.40%0.02
Diameter (cm) 5.39%0.01 5.42%0.02
Height (cm) 0.63%0.01 0.60+0.02
Spread Ratio 8.56%0.02 9.05+0.03
Breaking Strength (g) 283+0.05 277+0.08
L 66.69+0.02 51.50+1.08
A 10.33+0.10 13.32+0.11
B 38.84+0.11 33.38+0.18
C 40.19+0.08 35.94£0.06
H 75.10+0.11 68.34+0.08
AE 0 16.42
Hardness (N) 7.54+0.06 7.29+0.08
Total viable count (log CFU/g) 2.4 2.5
M and Y count (log CFU/g) Absence Absence
Thermo-tolerant coliforms (log CFU/g) Absence Absence
Salmonella spp. Absence Absence

Estimated value. CFU: colony-forming units, M is Mold and Y is Yeast

The color parameters and hardness of different processed biscuits are
shown in Table 4. The whole wheat biscuits had no significant difference
from the biscuits with the 5% AGM powder. The results agree with the
findings of de Oliveira et al. [8] who reported that with increasing concen-
trations of cinereous cockroach (Nauphoeta cinerea) flour meal, the hue
(h,,) angle in the crumb and crust of bread decreased, while a distance to
the desired value (close to 90°) increased. With the addition of the AGM
powder to the whole wheat flour biscuits, the change in color of the bis-
cuits (AE) increased. The biscuits with the addition of the AGM powder
became darker than the control because of the color of the AGM powder.
The values of hardness found for standard biscuits and for biscuits en-
riched with the 5% AGM powder did not present a significant difference.

Regarding the microbiological evaluation of biscuits, Table 4 demon-
strates that the samples i. e., the wheat flour biscuits and biscuits made
from wheat flour with the AGM powder, showed low microbial load and
the absence of pathogenic microorganisms. The results were within the
range of the established values as specified in the regulation [34,35].

Dough rheological properties

The rheological properties of dough made from wheat flour and wheat
flour with the 5% AGM powder were evaluated by using the mixolab and
alveograph. Figure 5 illustrates the plots recorded during mixing in the
mixolab. It can be noticed that addition of the AGM powder to wheat flour
affected the rheological characteristics, i. e. water absorption, dough de-
velopment time and stability of dough. The presence of the 5% AGM pow-
der slightly increased water absorption compared to the control sample
(wheat flour). Generally, the addition of flours with a high amount of hy-
drophilic proteins increased the hydration and water absorption of dough
[39]. Dough development time increased with adding the 5% AGM powder
compared to the control sample. However, stability of dough decreased.
A decrease in stability might be attributed to a decrease in the percentage
of wheat flour proteins (gliadin and glutenin) responsible for the forma-
tion of the gluten network [40].
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Figure 5. Mixolab curves of the control and the 5% AGM powder

PucyHok 5. Kpusbie Mixolab KOHTpO/IbHBIX 06pasLioB u ¢ 5% nopouka AGM

The results obtained from alveographic measurements of dough are
presented in Table 5. Dough prepared from the AGM powder at 5% did not
demonstrate optimal viscoelastic behavior as shown by the higher ratio
P/L. The presence of the 5% AGM powder increased the P value (dough
elasticity) and P/L (Alveograph ratio) compared to the control sample,
while L (dough elasticity), W (10~ ) (baking strength) and flexibility in-
dex Le% decreased. This means that the addition of the AGM powder de-
creased the strength of the dough. This could be attributed to the reduc-
tion of wheat flour proteins (gliadin and glutenin).

Table 5. Alveographic measurement of dough
Ta6bmuua 5. AnbBeorpadgmyeckoe UCIBITAHME TECTA

Parameter Control 5%
P (mm) 95 83
L (mm) 117 77
P/L 0.81 1.08
W (104]) 350 203
Le % 56.6 46.9

4. Conclusion

Chemical and physical characteristics of the wheat-AGM biscuits
observed in this study prove that Angoumois grain moth (Sitotroga ce-
realella) have the potential to contribute to the nutritional and physical
quality of the biscuits. It can be used as a partial substitute for wheat in
biscuit production without affecting the quality of biscuits made from
it. The biscuits produced from wheat flour-AGM powder in this study
generally had higher content of protein, fat, ash, fiber and total phenols
and improved physical properties. Based on RSM, the optimum selected
percentage of the AGM powder in biscuits was 5%. Therefore, this study
confirmed the possibility of Angoumois grain moth inclusion in carbohy-
drate-rich foods to obtain products of acceptable quality. This study has
revealed that Angoumois grain moth is an excellent source of nutrients
and can be used as a supplement in biscuit production since it enhanced
crude fiber and protein that are necessary for combating malnutrition
rampant in our world today.
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SUPPLEMENTARY DATA

Table S1. Microbiological evaluation of the AGM powder (Sitotroga cerealella)
Ta6muua S1. MukpoGuosiornyeckas oneHka rmopomxka AGM (Sitotroga cerealella)

Total viable count Mold and yeast count

Staphylococcus aureus Thermo-tolerant

Samples (log CFU/g) (log CFU/g) (log CFU/g) COH(E?);HESF ?Jt/ ;1)5 °C Salmonella
Control 10.9 4.3 3.8 5.1 Absence
Heat treated AGM powder at 50 °C

1hr 8.5 4.3 3.8 5.8 Absence

3hrs 8.4 4.3 3.7 54 Absence

6 hrs 8.4 4.3 3.7 5.8 Absence

Heat treated AGM powder at 70 °C

2 hrs 7.4 4.3 4.6 5.4 Absence

4 hrs 7.4 4.3 44 5.2 Absence
Heat treated AGM powder at 100°C

2 hrs 7.1 4.1 4.1 5.1 Absence

4 hrs 7 4 3.9 4.9 Absence
Heat treated AGM powder at 120°C

2 hrs 3.4 2.9 3.2 — Absence

4hrs 3.3 — 3.1 — Absence
Heat treated AGM powder at 140 °C

2 hrs 3.3 2.8 2 — Absence

4 hrs 2.7 - 2 — Absence
Heat treated AGM powder at 160 °C

2 hrs 2.4 2.6 — — Absence

4hrs — — — — Absence

Estimated value. CFU is colony-forming units.
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Table S2. Analysis of variance (ANOVA) and significant coefficient Table S5. Analysis of variance (ANOVA) and significant coefficient

for overall acceptability of biscuits for color value (b) of biscuits
Ta6nuia S2. IucnepcuoHHsblii aHann3 (ANOVA) u 3HauMMblii KO3 duyeHT Tab6nuiia S5. [Incnepcronubiii anamns (ANOVA) 1 3HaunMbIit KOG OuImenT aist
JJIs1 061 el IPMEeMIEMOCTH IIeYeHbst ypoBHeii uBeta (b) IeyeHbst
Source  Coefficient Estimate Sum of Squares Df p-value Source  Coefficient Estimate Sum of Squares Df p-value
Model 5.70 10.21 2 <0.0001 Model 32.38 79.58 2 <0.0001
X, -1.60 9.80 1 <0.0001 X, -4.57 79.55 1 <0.0001
X? 0.1829 0.0591 1 0.1405 X? 1.72 5.23 1 <0.0001
Residual 0.2305 10 Residual 1.01 10
Lack of Fit 0.1969 6 0.1036 Lack of Fit 0.8922 6 0.0650
DF =12 DF=12
R? 0.9779 R? 0.9875
Adj-R? 0.9735 Adj-R? 0.9850
Pred-R? 0.9657 Pred-R? 0.9370
CV. % 2.84 CV.% 0.9951
PRESS 0.3583 PRESS 5.08
p-value is significant at p < 0.05, x, is coded AGM powder% p-value is significant at p < 0.05, x, is coded AGM powder%
Table S3. Analysis of variance (ANOVA) and significant coefficient Table S6. Analysis of variance (ANOVA) and significant coefficient
for color value (L) of biscuits for texture of biscuits
Tabmmua S3. AucnepcroHHbIi aHamus (ANOVA) 1 3HaUMMblii KoaddunyeHT Tabnuua S6. lucriepcuonHblit aHanns (ANOVA) u sHaunMblit Ko3bduimenT 1
nns ypoBHeii uBera (L) meueHbst TEeKCTYPBbI ITeUEeHbs
Source Coefficient Estimate Sum of Squares Df p-value Source  Coefficient Estimate Sum of Squares Df p-value
Model 48.15 141.01 4 <0.0001 Model 6.80 6.44 4 <0.0001
X, -9.60 43.91 1 <0.0001 X, -1.62 1.25 1 <0.0001
X? 4.87 1.18 1 <0.0001 X2 1.55 0.1199 1 0.0421
X} 4.60 8.34 1 <0.0001 X} 0.6939 0.1896 1 0.0161
X! -4.32 1.06 1 0.0001 X! 1.13 0.0728 1 0.0965
Residual 0.1854 8 Residual 0.1643
Lack of Fit 0.1141 4 0.3300 Lack of Fit 0.1176 4 0.1966
DF=12 DF=12
R? 0.9987 R? 0.9751
Adj-R? 0.9980 Adj-R? 0.9627
Pred-R? 0.9962 Pred-R? 0.9303
CV.% 0.3239 CV.% 2.30
PRESS 0.5358 PRESS 0.4601
p-value is significant at p < 0.05, x, is coded AGM powder% p-value is significant at p < 0.05, x, is coded AGM powder%

Table S4. Analysis of variance (ANOVA) and significant coefficient
for color value (a) of biscuits

Ta6nuia S4. IucnepcuoHHblii aHann3 (ANOVA) 1 3HauMMblii KO3 dumeHT
IJ1s1 yPOBHeI! 11BeTa (a) MeYeHbs

Source  Coefficient Estimate Sum of Squares Df p-value

Model 13.12 6.94 4 <0.0001
X, -0.7594 0.2746 1 0.0001
X2 -1.02 0.0520 1 0.0191
X3 -0.5895 0.1368 1 0.0014
X! 0.9460 0.0508 1 0.0201

Residual 0.0485
Lack of Fit 0.0160 4 0.7441

DF=12
R? 0.9931

Adj-R? 0.9896

Pred-R? 0.8222

C.V.% 0.6125

PRESS 1.24

p-value is significant at p < 0.05, x, is coded AGM powder%
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Which type do you find most comfortable
to eat during work or as a snack in
between meals?

¢

u Fruits

= Nuts

u Sweets

m Bakery products
B Vegetables

® Potato chips

= Crackers

Do you know functional food?

= Yes

= No

If AGM biscuits is a new product, will you
buy them provided that you know that
they are an excellent source of protein,

minerals, and phenolic compounds?

19.6% |

= Never

u Maybe

What do you think about the three-month
shelf life of this product?

= Not good
u Fine

= Good

\
|

Figure S1. Results of Part 1 questions that concentrated on the objective, which was to see a degree of consumer perception
about biscuits in general and AGM biscuit in particular
P]/ICYHOK S1. Pe3y]'ll:-TaTbI BOIIPOCOB YacCcTu 1, CKOHLI€EHTPVMPOBAaHHbIE Ha LIe/IM, KOTOpasA 3aK/Il04a/iaCh B YCTAHOBJIEHUM CTENIEHN nm‘peﬁwrenbcxoro
BOCHIPUSTHSA NIeYeHbsI B IIeJIOM ¥ ITleyeHbst AGM B 4aCTHOCTU

m Yes of course  [SFA

= Very good
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This is Angoumois grain moth (AGM). Did
you hear about it and its nutritional value
before?

= Yes
= No

u Maybe

Instead of using commercial food, would
you buy functional food?

= Yes of course

®m No, | am not
interested

= Absolutely, but
only if the cost
was reasonable

What degree of your demands is met with
AGM biscuits?

= Not good

= Fine

w » Good

m Very good

When compared to other biscuit varieties
you've tried, the nutritional value of our
product is.........ccceuunt

40.6%

u Better
mThe same

W Worse

177

How many servings of biscuits do you
consume daily in total?

39.8%

u None

m 1 serving a day

= 2 servings a day
m 3 servings a day
m 10 servings a day

=

18.0%

Which consumer groups eat high-protein
foods the most?
= Young people

= Children
= Old people

u All consumer
groups

H People having
mental disability

Which aspects of our product would you
modify, if anything?

= Nothing
m Price
= Changing the flavor

B Adding other
components like fruits

ornuts
m Using various colors

to attract children
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Figure S2. Amino acid profile of the AGM powder
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Figure S3. Total phenolic compounds in the AGM powder
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