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IpencraBiieHbl pe3yIbTaThl MCCIeNOBaHMsI KOMIIOHEHTHOTO COCTaBa JIETYUYMX COeNMHEHUI ChIYY>)KHBIX CBhIPOB.
ITpo6oTNOATOTOBKY BBITIOTHSIIN, UCIIONbB3YST TBepAO(dasHbIii MUKPOIKCTPakTOp (Gupmbl Supelco, BRIOUarOLmit
CrelMaIbHbI/ BOJIOKOHHBIM MaTepua MOKPBIThIN CJIOEM JMBUHUIOEH30/I-KapOOKCEH-TIOTMANMETUICUIIOKCAHA
«DVB/Carboxen/PDMS StableFlesh™». MeTozom ra3oBoit xpomaTtorpaduy ¢ Macc-ceJleKTMBHBIM JeTeKTUPOBa-
HMeM 6bLI0 06HapykeHO 0KojIo 400 apoMaToOpasyoIIMx KOMIOHEHTOB, CPey KOTOPBIX UAEHTUDUIMPOBAHO
39 coenyHEHUI, COCTABISIIOLIMX OCHOBY BKYCOApOMAaTUUYeCKOro Mpodwis cbIpoB. OCHOBHBIMU JeCKPUIITOPaMMU
apomara Jjisi BCeX ChIPOB SIBJISIIOTCSI: IIPOTIMOHOBAsI, MaC/IsSTHasI ¥ KallpOHOBAsT KUCJIOTHI, alleTOVH, MeTUIaMUII-
KeTOH, 2-HOHAHOH, JIUMOHEH. YCTAHOBJIEHO, YTO MPO(UIb JIETYUMX KOMIIOHEHTOB JJIsI ChIPOB, PA3JIMYHOTO CPOKA
CO3peBaHMsI UMeeT CYIeCTBeHHbIe OTInums. Tak, AJis MOMyTBEPABIX ChIPOB, U3TOTOBJIEHHBIX C MCIIOIb30BaHUEM
MIPOMMOHOBOKMCIBIX MUKPOOPTaHM3MOB HauboIee XapakTepHbIMMY KOMIIOHEHTaMM SIBJISTIOTCSI KUCTIOTBI — IIPO-
MMOHOBAS M MAC/ISTHAS, & TAKKE COeIMHEHMS] TEPIIEHOBOTO Psiia O-LIMMEH U B-TIMHEH. [1Jis1 TOTyTBEPAbBIX ChIPOB
TOJUTAH/ICKO# Tpymmbl (PopMyeMbIX M3 IIacTa), CO CpoKamu co3peBaHus oT 20 CYyTOK 10 3 MecsileB, Haubosee
3HAUMMBIMMU SIBJISIIOTCSI TEPIIEHOBBIE COeVMHEHMS U 3GUPDI, TOTA KaK JJIsI CBEPXTBEP/IbIX CBIPOB CO CPOKOM CO-
3peBaHus 6ojee Tofa OCHOBHBIMYM KOMITOHEHTAaMM, BIMUSIOIIMMM HA apOMAaTUIeCKUX TIPOQWIIb SIBISIOTCS MaCIs-
HAasl M KaIpPOHOBAsI KUC/IOThI, 2-TeIITAHOH U JIMMOHeH. [1oyTBep/ible ¥ TBep/ible ChIPbI CO CPOKAMM CO3PEBaHMS
oT 3 0 6 MecsiLleB XapaKTePU3YIOTCS TTOBBILIEHHBIM COZEePKaHMEM KUCIOT — KallPOHOBOV M MaC/ISTHOI, a TAKKe
HaJIM4MeM TaKUX apoOMaTHBIX BEIIECTB, KaK JMMOHEH M YKCYCHbBIV 3(GUpP reKCUIOBOI KUCIOThI (TeKCUIAIeTaT).
IMonyTBepabie ChIpbI, POPMYyeMbIe HACBIMbIO, CO CPOKaMU co3peBaHus oT 10 CYyTOK 10 3 MeCsILIeB COIEPKAT alleTo-
VIH, KaIIPOHOBYIO KMCJIOTY, & TAK)Ke B 3HAUNTEJIbHBIX KOTMYECTBAX TOT JKe TMMOHEH U TreKCcuyaleTar.
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1. BBegenmue

The results of the study of the composition of volatile compounds of rennet cheeses are presented. Sample prepa-
ration was performed using Supelco’s solid-phase microextractor, including a special fiber material coated with
a layer of divinylbenzene-carboxene-polydimethylsiloxane «DVB / Carboxen / PDMS StableFlesh ™». Using gas
chromatography with mass-selective detection, about 400 aroma-forming components were detected, among
which 39 compounds were identified, which form the basis of the flavor profile of cheeses. The main flavor de-
scriptors for all cheeses are: propionic, butyric, and caproic acids, acetoin, methyl amyl ketone, 2-nonanone, and
limonene. It has been established that the profile of volatile components for cheeses various ripening periods, has
significant differences. Thus, for semi-hard cheeses made using propionic acid microorganisms, the most char-
acteristic components are acids — propionic and butyric, as well as compounds of the terpene series o-cymene
and B-pinene. For semi-hard cheeses of the Dutch group (formed from the layer), with maturities from 20 days
to 3 months, the terpene compounds and esters are the most significant, whereas for superhard cheeses with a
maturity of more than a year, the main components affecting the aromatic profile are butyric and caproic acids,
2-heptanone and limonene. Semi-hard and hard cheeses with ripening periods from 3 to 6 months are charac-
terized by a high content of caproic and butyric acids, as well as by the presence of such aromatic substances as
limonene and acetic acid ethyl acetate (hexyl acetate). Semi-hard cheeses, which are molded in bulk, with maturi-
ties from 10 days to 3 months contain acetoin, caproic acid, as well as significant quantities of the same limonene
and hexylacetate.

collepsKaHMeM KajabLivs U IMPOKOJ raMMOi MUKPO3JIEMEHTOB,

Cpenyt MOJIOUHBIX MPOAYKTOB Ba’kKHOE MeCTO 3aHMMAaloT
ChIpbI — MPOIYKTHI, TIOJTlyUyaeMble MyTeM CBePThIBAaHUSI MOJIOKa
¥ TIOC/IeIYIOIE IJIUTETbHOI 06paboTKOM MOTYyYeHHOTO CTIyCT-
Ka, B X0Jle KOTOPOro yaasnsieTcs Biara. O6paboTka 3aBepIiaeTcs
(bopMupoBaHMeM CBIPHOW Macchl M TIOCOJIKOV TMOTyYeHHbIX
rojoBok. CBoM CBOJiCcTBa ChIp MHpPUOGPETAaeT TOJBKO IIOC/Ie
IJIUTeTbHOTO TIpoliecca CO3peBaHMsl B CHIPHBIX MOJBajax, rae
CO3/aHbl YCIOBUS i1 HAKOIIEHMSI CBIPHOV MAacChl BKYCOBBIX
¥ apOMaTUYECKMX BelleCTB.

[Tomy/IIPHOCTb CHIPOB OOBSCHSIETCS UX BBICOKOI 6G1OIO-
I'MYECKO M TIMTATeIbHON II€HHOCTHIO, KOTOpast 06yc/JoBIeHa
YOQYHbBIM COUYeTaHMeM He3aMEeHMMbIX aMMHOKNUC/IOT, BbICOKMM
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JIETKOYCBOSIEMO¥i OPMOJT MOIOUHOTO KUPA, MTPUSITHBIM BKYCO-
BbIM OGyKeTOM [1].

B HacTosiee BpeMsi aCCOPTMMEHT BbIpabaThiBa€MbIX Chl-
POB [IOBOJIBHO IIMPOK. Bce MHOroo6Gpasue BbIpabaThbIBa€MbIX
CBIPOB MpeJIaraeTcs K1accubuuMpoBaTh MO CJIeAYIOMINM ITPK-
3HAKaM: TUII MCXOJHOTO ChIPbSI M €ro CBOMCTBA; COCTAB MMU-
Kpo®Iophl, yUacTBYIOIe) B MPOM3BOLCTBE CbIpa; MapameTpsl
M YCJIOBMSI TIPOBeLEHMsI TEXHOIOTMYeCKOro Ipoliecca; CocTaB
U CBOJCTBa rOTOBOrO MpoAyKTa. VI3 BCero acCOpTMMeHTa Chi-
POB MOYKHO BBIJIEJIUTD JIBe HanboIee 3HaUMMbIe U PacIpocTpa-
HEeHHBbIE I'PYIIIThI CHIPOB: TBEP/bIE CHIUYKHBIE ChIPHI C BHICOKOI
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Y HU3KOJi TeMIlepaTypoit BTOPOro HarpeBaHusl U IIOIyTBepble
CBIUYy’KHbIE CBIPBI.

B Pecny6nuke Benapychb cbIp IPOM3BOISIT PSIZL MOIOKOTIEpe-
pabaThIBAIOIINX MIPEANPUSITUSIX, CPEOU KOTOPHIX MOXKHO BbIJie-
suth OAO «CIyTIKuit chIpofebHbI KoMOuHaT», OAO «Bepe3os-
CKMIt ChIpOMENbHbIN 3aBoa», OAO «Mactockip3aBomy I. Ko6puH,
OAO «Macmnocsip3aBog» . bapanosuuy, OAO «BpecTckuii Mo-
JIOUHBIi KOMOGMHAT» M MHOTHE JIpyTHeE.

B Hacrosimee BpeMmsi, KOTia Ha GeIOpycCKOM PBIHKE Tpe[-
CTaBJIeHO 3HAUMUTeIbHOE KOJMYECTBO MMIIOPTHOM MPOAYKLMUU
3a7ayeli IepBOCTENEeHHOl Ba)XHOCTU SBIISIETCS TOBBILIEHNE
KOHKYPEHTOCIIOCOOHOCTY OTeUYeCTBEHHBIX ChIPOB. PereHue
JIAaHHOW 3amauM GymeT Croco6CTBOBATH YIYUIIEHMIO KauecTBa
BbIPAabaThIBAEMbIX CHIPOB, YBEIMUEHUIO 00HEMOB ITPOU3BOJCT-
Ba, 60jiee MOTHOMY YIOBJIETBOPEHMIO PACTYIIUX MOTPEGHOCTEI!
HaceJeHMs U UX TIOTPeOUTeNbCKUX IpeArouTe i [2,3,4].

HecmoTpst Ha TO, 4TO IIpUPOAA BKyca M 3araxa pasiIMuHbIX
MOJIOUHBIX IIPDOAYKTOB MMEET OIHY OCHOBY, KaskbIii MOIOYHBI
MIPOAYKT UMeeT crienuduyeckre 0COGEHHOCTY ITUX MOKa3aTe-
neit [5].

Ha dopmmpoBanme apomara 1 BKyca CbIpa OKa3bIBalOT BV -
HMe cienyonye GakTopsl [6]:

1 xumumyeckuit cocTaB MoJIOKa ¥ MUKpodiopa, peryampyonias
Tpoliecc co3peBaHusl (pas3auyuHbie epMeHTbI, BKIIOYasl Ha-
TUBHbBIE MOJIOKaA) [7,8,9];

BUJIOBOJ COCTaB Ky/IbTyp MMKPOOPraHM3MOB 3aKBacKy (Ha-
IIpMMep, MOJIOUHOKMCIIbIe 3aKBACKY, MMeIolIyie IIPOTONUTU-
YeCKYI aKTMBHOCTb) [10], KOTOpBII BiIMsIeT Takke Ha KUC-
JIOTHOCTb, pH, comepskaHue OOGMIVIX CyXMX BellecTB (B TOM
Yiciie kupa, 6eka M BOLOPACTBOPMMBIX a30TUCTBIX (pak-
LIMI) U CTelleHb co3peBaHus cbipa [11];

KOJIMYECTBO U BUJL CHITY3KHOTO epMeHTa;

TemIlepaTypa U IPOJO/DKUTEbHOCTb CO3PEeBaHMS.

Takrue KOMIIOHEHTBI, KaK O€lOK ¥ JKMp, COCTaBISIOIIME
B ChIpe OCHOBY, CO3[alOT OOLIVMiI BKycoBO# (GOH, Goyee min
MeHee ONVHAaKOBbIii AJis1 BceX ChIpoB [12]. C TeueHMeM BpeMe-
HM B ChIpaxX yBEJIMUMBAETCS KOAMYECTBO IMPOILYKTOB pacraja
6eJIKOB ChIPHOII MacChl M OPraHOJIENTUYECKIE CBOICTBA ChIPOB
M3MEHSIOTCSl. BHavuame aToro mporjecca ChIp NpuobpeTaeT He-
06XOAVMbIE BBIPAYKEHHOCTh Y TUIIMYHOCTH BKYCA, XapaKTepu-
3yIOIlIMe ero 3peyioCThb, a 3aTeM HacTylaeT yXyAllleHue BKyca,
3amaxa, KOHCUCTEeHUMM U OPYruX Iokasareseil (T.K. IO Mepe
CO3peBaHMs ChIpa KOHIIEHTPAIMS BKYCO- ¥ apOMaTOOPa3yIOIINX
BeLleCTB U3MEHSIeTCS]).

HexoTopble KOMITIOHEHTbI BKYCOBOTO OyKeTa MUIpaioT Gosee
3HAUMTEIbHYI0 POJIb B CO3J@HMM BKyCa M apomara CbIpa, uem
ocTajbHble BellecTBa. Tak, HaIpuUMep, B CbIpax cofepskaTcs Ma-
CISTHASI, BAJIEPVAHOBAS M B HEOOJBIINX KOIMYECTBAX KAIIPOHO-
Basi, KallpM/aoBasl 1 KallpMHOBasi KUCIOTHL. ITo Mepe co3peBaHus
CBIPOB 0011Iee KOMMYECTBO JIETYUMX KUCIOT B HUX YBETMIMBAET-
csl. B pasnuuHbIX ChIpax KauecTBO M KONMUYECTBO JIETYUMX KUC-
JIOT MPOJOJDKAeT YBEIMUMBATBCS U MOC/Ie MTOTHOTO CO3peBaHMsI
cpIpa. V30bITOYHOE KOMMYECTBO MX MPUBOAUT K YXYIIIEHUIO
BKyCa CbIpa.

Llens paboThl 3aK/II0YANIACH B MCCIEIOBAaHMM apoMaTobpasy-
IOIIMX COeVIHeHMII MOMyTBEePAbIX U TBEPIIX CIUYKHBIX ChIPOB
IUIsl YCTaHOBJIEHUST Haubosee XapaKTepPHbIX KOMIIOHEHTOB, OT-
BETCTBEHHBIX 32 (GOPMMUPOBAHME OPTaHONENTUUECKUX CBOVICTB
CBhIPOB, IPOM3BeIeHHbIX B Pecitybnke Bemapychk.

a

a
a

2. Marepuajbl ¥ METOIbI

WccnemoBaHus MPOBOLMINCH B Pecry6iMKaHCKOM KOHT-
POTBHO-VCIIBITATeTHHOM KOMIIZIEKCe TT0 KauecTBY U Ge3ormac-
HoCcTM TponykToB murtaHusi PVII «Hay4yHO-npakTMueckuit
ueHTp HanmonanpHOI akageMuu Hayk bemapycu mo npopo-
BOJIbCTBUIO».
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Bbutn uccienoBanbl 23 o6pasiia chipa 6e10pyCCKUX MPOu3-
BOZAMTENIEN C MacCOBOI moseii skupa ot 45 1o 52 %.

OO6DbeKTHI MCCIeI0BaHMs ObUIM PA3eeHbl Ha 5 rpyII, UCXO-
IIst U3 0CO6EHHOCTE MPOM3BOMCTBA ChIPOB. [leJieHNe Ha IPYIIIIbI
TripefcTaBaeHo B Ta6. 1.

Tabmmia 1
OOGBEKTHI UCCTIeIOBAHMS
o
. pYNl'll'lH XapakTepucTUKa rpymnibl HaumeHoBaHue cbipa
TMonyTBEpbIE CHIPHI, Emmental Elite, 45 %

1 M3TOTOBJIEHHBIE C UCIIoNb30BaHeM Maacnam e JIoKe, 46 %
MPOITMOHOBOKMCIIBIX Dpubypskya, 50 %
MMUKPOOPraHM3MOB Jlan6epronbm, 52 %
TMonyTBepble ChIPbI FOJUIAHCKOM

2 rpymrnbl (GopMyeMble U3 TIIACTA) Tonnanpackuii, 45 %
(cpoxu co3peBaHusi OT 20 CYyTOK Tayna, 50 %

10 3 MecsILeB)
Anexcannpuiickuit, 45 %
0,
TMonyTBepabie ChIpbl, hopMyeMble g??;pg’ﬁé’:;écg%agy% %

3 HAChIMNbIO (CPOKY CO3PEBAHMS BRI 5"0 %

ot 10 cyTOK 10 3 MecsILeB) P AUMUPC] 2V

occuiickuit 0cobslit, 50 %
Poccuiickuit monomoii, 50 %
Crapslit AMcrepnam,45 %
Pouecrep, 45 %
IMapmesan Old, 45 %
0,
IMonyTBepble U TBepIbIe ChIPbI gﬁﬁlgezgr;de TOKC, 45 %
4 €O CpOKaMM CO3peBaHMs OT 3 1,0 4 b

I'proBep 0coobbIit, 50 %
I'poiiuep sxerpa, 50 %
3HaTHbI, 50 %
I'poituep 3pesnsiit, 50 %
Merapz, 50 %

6 Mecs1eB

CBepXTBEPIbIi ChIP CO CPOKOM
co3peBaHus 6oee roga

Hosorpyzckue [apsbl, 45 %

VccnemoBaHue cocTaBa ChIPOB Ha COflepskaHMe apomar-
06pasyonMx KOMIIOHEHTOB OCYIIECTB/SIM METOIOM Ta30BoOii
XpomaTorpaduy ¢ Macc-CeJIeKTMBHBIM JIETEKTUPOBAHUEM C MC-
rosib3oBaHMeM cucreMbl Agilent Technologies 7010 B / 5975 B.
PaszneneHre KOMIIOHEHTOB ITPOBOM/IN HAa KaIVJIISIPHOV KOJTIOH-
ke DB-5MS mnuHoii 30 M ¢ BHYTpeHHMM auamMeTtpom 0,25 MM
M TOJIIIVMHOM TUIEHKM HEeNOJBYDKHOI ¢asbr 0,25 MKM. YCIOBUS
MpoBefeHMsT aHaau3a: HavyajabHasi TeMIlepaTypa KOJIOHKU —
40 °C (2 MmuH); HarpeBaHMe KOJIOHKM €O cKopocTh 10 °C/MUH 10
temnepatypsl 240 °C; BplIepkka 8 MHUHYT; TeMmIlepaTypa
umxkekTopbl — 260 °C; Temmepatypa netekropa 280 °C;
CKOpOCTb ITOTOKA raza Hocuresst (renmit) — 0,5 mur/muH. Macc-
CITEKTPBI PEUCTPUPOBAINCH B AuarazoHe 40—-500 m/z, sHeprust
nonusanuu 70 eV, temmnepaTtypa MoHHOro mucrounuka 200 °C,
Temmeparypa unrepdeiica 250 °C.

Peructpaiuio XxpoMaTorpaMmMbl B pexkuMe TMOJTHOTO MOHHO-
T'O TOKa HAYMHAIM T10C/Ie OKOHYAHWS AecopOLmm U 2-MUHYTHOI
3aIePsKKU JI7IST UCKJTIOUEeHMSI 13 XpOMaTOrPaMMBbI ITUKOB JIerKoJe-
Ty4nMX KOMITOHEHTOB. [locie perucrpanmuy xpomarorpaMmma MH-
TerpupoBanach Ijisl onpeneneHus ioniazei nukoB. PaccunTsi-
BajIaCch CyMMapHasi TUIOIAAb BCeX UAEHTUDUIIMPOBAHHBIX ITKOB
M [JI1 K&KAOTO KOMIIOHEHTa — OTHOCUTENIbHAsI MHTEHCUBHOCTD
mKa (OTHOCUTEIBHO CYMMBI TUIOIIa el BceX MMKOB). ITo Bpeme-
HaM yAepKuBaHMS BbIOMPAINMCh TOUKM HAa XpOMaTorpaMme, 1o
KOTOPBIM BOCCTaHABAMBAIUCH IKCIIEpUMEHTa/IbHbIe MacC-CIeK-
TpbI U3 (aiiia JaHHBIX IJIS1 JAHHOM XpOMaTOrpaMMbl. DKCIIEPU-
MEeHTaJIbHbIe MacC-CIeKTPbI, BOCCTAHOBJIEHHbIE TAaKMM 00pa3oM
JIJIST KKA,0T0 TMKA XPOMaTOTPaMMBbl, MCIIO/Ib30BAINUCh JJIsT TIOU-
CKa ¥ UX CPaBHEHMS CO CIEKTpaMy OMOIMOTEKM MaCC-CIIEKTPOB
U UX CTPYKTYpHbIX (popmynn NIST14.L. ITo coBIIafieHMI0 SKCIIepu-
MEHTAaJIbHbBIX CITEKTPOB C 6MOIMOTeYHbIMMA (B TIpemenax 5—-10 %)
OCYIIECTBIISIIACh MAEHTUMUKAILMS COeNMHEHN B TTapOBO3IYII-
HOM ITPOCTPAHCTBE aHAJIM3UPYEeMOVi ITPOObI, @ M0 OTHOCUTENh-
HbBIM TUIOIIAASIM TMMKOB XpPOMAaTOrPaMMbl OII€HUBAIOCh OTHOCHU-
TeJIbHOEe CofiepskKaHMe UAeHTUDUIIMPOBAHHBIX COeAVHEHMIA.
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DKCTPAKIMIO JIETYIMX KOMIIOHEHTOB OCYIIECTBJISIN C TIPU-
MEeHEeHMEM MMKpPOTBepAodasHoro sKcrpakTopa Supelco™,
KaTajoxkHbIii HoMep N2 57330-U. IIpo6y cbipa mpenBapuTeib-
HO M3MeJIbueHHYI0 Ha Kycouky (10 r) momemaau B (IakoH Ha
40 MJI 1 3aKpbIBAIM KPBIIIKOI C Pe3MHOBOI MeMO6paHOii, jer-
KO TIpOKaJIbIBaeMoii mmpuiieM. ®rakoH ¢ 06pa3iioM moMenann
B TepMocTat, HarpeTbiii 10 40 °C u Beigep>kuBanyu 10 MUHYT 7151
YCTAHOBJIEHUSI TIOCTOSIHHOM TeMIIepaTypbl M PABHOBECHOTO CO-
CTOSTHMSI MeXKIy 06pa3IioM ¥ MapoBO3AYIIHOM (ha3oii Ha HUM.
3aTem uepe3 MeM6paHy B IMapoOBO3AYIIHOE ITPOCTPAHCTBO dia-
KOHa BBOAWIM Uy WIIPKUIIA TBepA0(da3HOTO MUKPOIKCTPAKTO-
pa ¥ BBIABUTAIM U3 HEE BOJIOKHO C aficOpOGEHTOM TaKUM 06pa-
30M, YTOOBI OHO He KacajoCh ITOBEPXHOCTM 00pasiia U CTEHOK
cocyza. [Impui, MUKPOIKCTPAKTOPA C OTKPBITHIM BOJTOKHOM BbI-
IepskuBanyu Bo drnakoHe 30 MMUHYT, 3aTeM BOJOKHO 3aJBUTaIu
BHYTPb UIJIBI MIMPULIA Y YCTPONCTBO BEIHMMAIN 13 GIakoHa.

Iy mecop6buyy KOMIIOHEHTOB IIIPULL TBEPA0(Pa3HOTO MU-
KPO3KCTpaKTOpa BBOAMIM B CHUCTEMY BBOAA XPOMAaTO-MacC-
criekTpomeTpa (Harpetyio go 250 °C), BblIepKMBaau B CUCTe-
Me BBOZA 3 MMHYTHI 1O OKOHYAHUS 1eCOpOLIMY KOMIIOHEHTOB,
3aTeM BOJIOKHO 3a/IBUTaJIX BHYTPb UIVIbI IMIPUIIA U BBIHUMAIU
YCTPOMCTBO U3 CUCTEMBI BBOJA.

3. Pe3ynabTaTsl ¥ 00CYKIAEHUE

B xome mccienoBaHust 6bII0 BhIsIBJIEHO Gosee 400 yeTyunmx
CcoeVHEHUIT B MCC/IeJOBaHHBIX 00pasiiax chipa. M3 KOTOPbIX
39 coenyHEeHMT BHOCST OCHOBHOJ BKjIad B GOpMMpPOBaHIe apo-
MaTUYeCKOro MPo(IIs TATY IPYIIT UCC/IeJOBAHHBIX ChIPOB.

B cocTaB BKycoBOro GyKkeTa ChIpa BXOMSIT OpraHUUecKue jie-
Ty4ye ¥ HeJIeTyune KUCIOThI, CIIUPTHI, 3OUPBI, aMUHBI, HeHOTb-
Hble 1 GypaHOBbIe COeJVMHeHMsI U Ipyrue BelecTsa [13].

CpenHee cofepskaHye KOMIIOHEHTOB IO TPYIIIIaM ChIPOB
npencrasiaeHo Ha Puc. 1.

Tak, Hampumep, B ChIpax COAepsKaTCsS ITPOIMMOHOBAS,
MaCIsiHasI, BaJepraHOBasl, KalIPOHOBAsl KMCJIOThI ¥ B MEHBIINUX
KOIMYeCTBaxX KampwioBas ¥ KalpuHOBas KUAIOTHL [To mepe
CO3peBaHMsl ChIPOB 00Iee KOTMYECTBO JIETYUMX KUCIOT B HUX
yYBeIMUYMBaeTcsl. B pasiMyHbIX ChIpaX KauecTBO U KOJIMYECTBO
JIETYUMX KUCTOT TPOAOKAET YBeTMUMBATHCS U TTOC/Ie TTOJTHOTO
co3peBaHUs cbIpa. M36BITOYHOE KOJUYECTBO WX TPUBOIUT
K YXYALIEHNIO BKyCa ChIpa .

MaxkcuManabHOe comepskaHue KMUCAOT XapaKTepHO IJISl T10-
JIYTBEPABIX ChIPOB, M3TOTOBJIEHHBIX C MCIIOJb30BaHMEM IIPO-
MMMOHOBOKUCIBIX MUKPOOPTaHM3MOB; ITOTYTBEPIBIX U TBEPIbIX
CBIPOB CO CPOKAMM CO3peBaHMSI OT 3 10 6 Mecs1eB U [ CBepx-
TBEPABIX CHIPOB CO CPOKOM CO3peBaHusI Oojee roja, T.e. IJIsi
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CbIpOB 1, 4 u 5 rpy1m, COOTBETCTBEHHO. [IJIsl TIePBOi I'PYIIITHI
XapaKTepHO MpeobaazaHyue MPOMMOHOBOW KUCJIOTHI, B HEKO-
TOPBIX 00pa3sIax ComepskaHye 3TOM KUCIOThI MOKET TOXOIUTh
o 64 % cpenu netyunx kKomrnoHeHToB (Emmental Elite), Torna
KaK MacJITHOM colepskuTcs B cpenHem 11,5 % u eé comepskaHue
B ChIpax IMepBOJi TPYINbl He mpeBbimaer 29 % (Opubypikya).
B TO ke BpeMmsi IJiS ChIPOB 4 U 5 IPyNI CpefHee COAepskaHue
MacsTHOM KUCIOThI Topsigka 30 % (MakcuManabHOe eé comep-
kaHMe B cbipe — Merapa — 41 %). Hamubosblllee cogepskaHue
KaIlpOHOBOI KMUCIOTHI 6bIJI0 06HAPYKEHO B CBEPXTBEPIbIX ChI-
pax co CpOKOM co3peBaHus 6osee rozaa (5 rpyma) u COCTaBUIO
32 % (HoBorpygnckue dapbl). MacassHast KUCIOTa MMeeT Helpu-
SITHBI M CUJIbHBIN 3amax, TeM He MeHee, HaJIMule ee B BbICO-
KOKaueCTBEHHBIX 3peJIbIX ChbIPAaX CO3JaeT, OUeBUIHO, B 061eM
KOMIIIEKCEe BKYCOBBIX M apOMaTUUYECKMUX BeleCTB HeoOXOmu-
MblIii GYKeT ChIpa.

[To mHeHMIO psifa uccienosareneli [12,14] nuaneTun B 3Ha-
YUTEeNbHOI Mepe oIpezessieT BKYC U 3amax MUIeBbIX MPOoyK-
TOB, MOJYYEHHBIX B pe3ynabrate GepmeHTanuu. OH SBISETCS
COCTaBHO¥ YaCThI0 BKYCOBBIX M apOMaTUUYECKMX BEleCTB ChIpa,
MacC/ISTHBIV apOMaT ero BbI3bIBAETCS MMEHHO IMaleTUIOM. B cbI-
pax MOKEeT coflepyKaThCsl TAKKe alleTOMH. ALIeTOMH U IMaleTu
06pa3syroTCs MPU Pa3BUTUM B CbIPe TIPONTMOHOBOKUCIIBIX U apo-
MaToOpa3yoIIMux 6aKTepuii, TPUUEM, HaIUYMEe TOTbKO alleTou-
Ha rOBOPUT O He3aBePIIeHHOCTHU 3TOTO IPoIiecca.

HUccnemyemble 06pasiibl CHIPOB OTIMYAIOTCSI HE3HAUUTENb-
HBbIM CcoZepskaHMeM aleTorHa. B 06pa3iax CbIpoB MepBOii rpyTi-
bl JMalleTwia M alleToMHa He OGHApYKeHO, CIel0BaTelIbHO,
MOXXHO TPEeATIONOXNTb, YTO IPOIMOHOBOKMCIbIE OGaKTepun
B IIEPBYIO OUepesib CIIOCOOCTBYIOT 0OPa30BaHUIO B OOBIIOM KO-
JIMYeCcTBe MPOMMOHOBO KMUCIOTHI (Chipbl Emmental Elite n Ma-
acmaM e JI0KC — CpeHsisl KoHleHTpauus 60 %).

CoIpbI 11sITO¥ TpymIibl (PeIsKaHUTO) TaKKe He COIepIKar ale-
TOMHA U UMEIOT crienuduueckuit cocTas, 06yCIOBIEHHbIN T0I-
I'MM CpokoM co3peBaHMsi (1 rom), YTO HAXOOUT CBOe OTpakeHMe
B TEPIIKOM BKYCe.

B chIpax BTOPOIi IPYIIIbI alleTOMH 06GHAPYKEH TOJIBKO B OfI-
HoM o6pasiie (T'ayga), B ApyrMx o06pasiiax OH OTCYTCTBYET, UTO,
BEpOSITHO, BbI3BAHO HE3HAUMTEIbHBIM CPOKOM CO3pEeBaHMSI.

B TpeTheii rpy1ime Mbl HabmogaeM 06paTHYIO KapTUHY: JTUIIb
omuH obpasen] (berapych 3KCTpa) He COAEPKUT alleTOVH, B TO
BpeMSI KaK BCe OCTa/IbHbIe XapaKTePU3YIOTCSI BLICOKMMM ITOKA-
3aTessIMU Cofep KaHus 3Toro BemiecTsa (00 28 %). MOXXHO TOBO-
PUTH O TUTIMYHON BBIPASKEHHOCTH U CIielnrIeckoM apomare,
CBOVICTBEHHOM TIOJTyTBEPIBIM ChIPaM GEI0PYCCKUX MTPOM3BOIM-
Tenei.

100% +— ] TepneHbl
0, 4 —
90% dTanatbl
-l
. - deHobHble
70% coeAVHEHUA
B KETOHbI

60%

50%

B dypaHoBble
coeanHeHun

40%
30%

H 5dupsl

M cnnpTbl

20%

B KMCNOoTbI

10%

0%

1rpynna

2rpynna 3 rpynna

4 rpynna

M aUEeTOUH+TPMALETUH
5 rpynna

Puc. 1. CogepykaHue KOMIIOHEHTOB I10 TPYIIaM CbIPOB
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W3 mecsaTtu 06pasiioB YeTBEPTOIi IPYIIILI alleTOMH 06HAPY-
SKEH TOJIbKO B TTOJIOBMHE, TPUYEM B TPEX U3 HUX €ro cofiepkaHue
cocTaB/isieT MeHble 1 %, a B OCTaBIIMXCS ABYX He IpeBbIIIaeT
10 %. TlonyuyeHHbIe JaHHbIE TOATBEPXKAAOTCS OTCYTCTBUEM Ma-
CJISTHOTO TPUBKYCA B 3TUX ChIpax.

3HAUMUTETHHYIO POJIb B 06pa30BaHMM BKYCOBOTO GYKeTa ChI-
POB MOTYT UTPaTh MPOAYKTHI ITYOOKOTO XMMUYECKOTO IpeBpa-
IIeHNsT MOJIOUHOTO KUPA, B Pe3yabTaTe KOTOPOTO 0Opa3yroTCs
KEeTOHBI U aJIbJeruabl. ITU BelllecTBa MMEIOT CUJIbHO BbIpaXkeH-
Hble BKYC U 3alax ¥ MOTYT B 3HAUMTEIbHOI Mepe OINpeaessiTh
CBOJICTBa ChIPOB. MMHMMaIbHOE COoflep)kaHe KeTOHOB B MCClIe-
JIyeMbIX 00pa3Iiax CBUIETEIbCTBYET 00 MX CBEXECTY U BbIpaska-
eTCsl B OTCYTCTBUM PE3KOTO apoMaTa ¥ 0Co00ro BKyca, MPUCY-
1Iero TUIECHEBEeIbIM ChIPaM, B KOTOPBIX COIEp)KaHue KeTOHOB
U aJIbETUI0B SIBJISIETCS Mpeobanaommm [15].

ConepskaHne KeTOHOB B MCCIeIyeMbIX 0bpasliax He Ipe-
BbIIAeT 15 % U CUJIBHO 3aBUCUT OT CPOKa CO3PEBaHMS: UeM
JOJIbIIIE CPOK CO3pEeBaHMs, TeM OoJjblliee KOJMMUYECTBO KETO-
HOB OOHapykeHo. Tak, MaKCUMMaJbHOE KOJINYEeCTBO KETOHOB
(6onbire 12,5 %) o6HapykeHO B ob6pasuax 5 rpymmbl (Pemka-
HUTO), 4 IPYIIIbI (CPOK CO3peBaHus 6ojiee 6 MecsieB — I'proBep
0CO6BI).

B uesom, mepBast M BTOpasi IPyMIbl XapaKTepusyeTcs Ha-
MMeHbBIIMM COJep)KaHMeM KeTOHOB — 1o 1 % (0GHapy>KeHbI
TOJIBKO B 0Opasiiax Maacmam jie yitokc u ®pubypskya). CpenHee
cofiep>kaHye KeTOHOB B TPeTbheli 1 YeTBepTOoli IPyIIIax He HIDKe
3 %. MeTUIaMWIKETOH U 2-HOHAHOH GbIIM 06HAPYKEHBI BO BCEX
MCCIeyeMbIX ChIpaX B 3HAUMMBbIX KOHI[@HTPaLIUSIX.

CroupTsl M 3GUpPhl B ChIpax 00JaJal0T 3HAYMTETbHON MH-
TEeHCMBHOCTBIO BKyca U 3arnaxa. Harmpumep, MOIOYHBIV apoMaTt
o6pasyeTcst TPy FapMOHMYHOM COYETAHUY JIETYUMUX KUCIIOT, M-
atetuiaa u 3¢gupos. ITocnegHre 06pas3yOTCsS IPU MOTOYHOKNUC-
JIOM GPOSKEHUM TIPYU HAJIMYMM CIIMPTA U JIETYINX KUCTOT [16,17].
o 3Toi MpuYMHE 0CO6EHHO CUIBHO BbIPAKEHHbBI MOJIOUYHBIN
apomaTt U BKyC GymeT IMpucyll CJIeAylouuM o6pasiiaM ChIpOB:
2 rpynna — Tonmnanpckuit u layna, 3 rpynna — AnekcaHIpuii-
ckuit u Poccuiickuit ocobblit, 4 rpymnmbl — Pouectep u I'proBep
0CO0BIii, B KOTOPBIX coflepskaHe 3(GUPOB HAXOAUTCS B I1aIaso-
He 17 — 42 %. B o6pa3oBaHuy 6GyKeTa cbipa GOJbIIast POJib MPK-
HaJJIesKUT Gy TUIAIeTATY, TeKCUIILIeTaTy U STUIalleTaTy.

OcTaToyHOe KO/MMYeCTBO CIMUPTOB CBUIETENIbCTBYET O TOM,
YTO GpO’KEHMe MPOILIO He 0 KOHIIA, M 3TO, BepOsITHEE BCETO,
CKakeTCsI Ha BKycoapoMaTuMyeckoM OykeTe ChIpoB bemapych
9KCcTpa 1 Jlam6epronby, (3 1 1 IpyIIbl, COOTBETCTBEHHO) B CPaB-
HEHUM C OCTaJIbHBIMM O6pasimamMu. O6pasiibl IePBOIi U BTOPOI
IPYIIIT BOOGIIEe He ComepskaT CIIUMPTOB, YTO SIBJISIETCS ONHO3HAU-

1. Introduction

An important place among dairy products is occupied by
cheeses — products obtained by coagulating milk and subse-
quent long-term processing where moisture has been removed
resulting in a clot. Processing is ended with formation of
cheese mass and salting of obtained wheels of cheese. Cheese
gains its properties only after a long-term process of ripening
in cheese cellars, where the conditions are created for
accumulation of taste and aroma properties of cheese mass.

The popularity of cheeses is due to their high biological and
nutritional value, which is due to the successful combination of
essential amino acids, high calcium content and a wide range
of microelements, easily assimilated form of milk fat, pleasant
taste and flavor [1].

Currently, the range of cheeses produced is quite wide. It is
proposed to classify all the variety of cheeses produced accord-
ing to the following criteria: type of raw material and its prop-
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HBIM TIOKa3aTejieM KauecTBa ¥ 3aBepIIeHHOCTM Ipoliecca 6po-
>keHu [18].

Crenududeckuii OTTEHOK KOITYEHOTO BKyca M apomara
MPUAAIOT TTPOAYKTY (PeHONbHbIE COeVHEHNsI, TePIIeHbl U (y-
paHbl. OTIMUMTeNbHAsI 0COOEHHOCTh 06pa3ioB 4 TPYIIbI CO-
CTOUT B TOM, YTO CBIPBI 3TOJ TPYIIIBI BOOOIE HE comepskaT
(beHOMBHBIX ¥ GYpPaHOBBIX COEAVHEHWI, YTO OTPAKAETCS Ha
MCKITIOUMTETBbHO MSITKOM MOJIOUHOM apomare (CpefHee comep-
>kaHMe TepneHoB 15 %).

Kiaccuuecknii BKyC M apomarT, KOTOPBI XapaKTepusyeTcs
CPeHUM CONlep’KaHMEeM TePIIeHOBbIX, GYPAHOBBIX COeMMHEHMI
(10 — 25 %), u dbeHONBbHBIX (O 5 %) coeqMHEHMIA, TTPUCYII, BCEM
o6pastuam 1, 2,3 u 5 rpymi.

4. BbpiBOABI

TakuM 00pasoM, MCCIeIOBaHME apoMaTOOpas3yIoIIMUX CO-
eIlHEeHUI1 TIOJIyTBePAbIX U TBEPABIX CHIUYXXHBIX CBIPOB, IPO-
u3BeIeHHbIX B Pecry6iuke Benapych MO3BOMMIO YCTAaHOBUTH
Haubosee xapakTepHble KOMITOHEHTbI, OTBETCTBEHHbIE 3a (Hop-
MMPOBAHME UX OPTraHOJENTNIYEeCKIX CBOVCTB. Becero 6b110 ycTa-
HOBJIeHO Gonee 400 JIeTyunx COeqUHEHUH, U3 KOTOPbIX 39 coe-
IMHEeHMI BHOCST OCHOBHOJI BKIaJ B popMMUpOBaHME apomaTa
CbIpa, TaKye KakK IPOMMOHOBAasI, Mac/asiHas U KalipOHOBAas KUCIIO-
ThI, alleTOMH, METUJIAMUJIKETOH, 2- HOHAHOH, TMMOHEH.

Tax, Ojis1 TIOMYTBEPIbIX CHIPOB, M3TOTOBIEHHBIX C VCIIOJb-
30BaHMEM IPOMMOHOBOKMCIBIX MUKPOOPTAaHM3MOB Hambosiee
XapaKTepPHBbIMIM KOMIIOHEHTaAMM SBJISIOTCS KMUCIOTbI — ITPOIN-
OHOBAsI M Mac/siHasl, @ TaKKe COelIVHEeHMS] TepIieHOBOTo psifa
Oo-UMMeH U B-TiMHeH. [l MOMyTBEPABIX CHIPOB TOJIIAHICKOM
rpymimnsl (popmyeMbIX M3 IIaCTa), CO CPOKAMU CO3PEBAHUST OT
20 cyTOK [0 3 MecsIieB, HauboIee 3HAUMMBIMU SIBJISTFOTCSI TEP-
TIEHOBbIe coeMHeHMs ¥ 3(DUPLI, TOTAA Kak JJIsS CBEPXTBEPIBIX
CBIPOB CO CPOKOM CO3peBaHMs 6osiee ToJa OCHOBHBIMM KOMITO-
HeHTaMy, BAUSIOLMMM Ha apoMaTUUeCcKux Mpoduib SIBISIOT-
Cs1 Mac/siHasi ¥ KallpoOHOBAsl KUC/IOTHI, 2-TelITaHOH U JIMMOHEH.
[TosmyTBepabie U TBEpAbIE ChIPHI CO CPOKAMM CO3peBaHUS OT 3
0 6 MecCseB XapaKTepU3YITCS TOBBIIIEHHBIM COJepyKaHM-
eM KUCJIOT — KallpOHOBOI U MacC/ISTHOM, a TakKe cofepskaHueM
JAMMOHEHa U Trekcuianetata. [lonyTBepabie CbIpbl, hopmyemblie
HaCbIblO, CO CpOKamu co3peBaHus OT 10 CyTOK [0 3 MecsleB
cofepsKat aleToVH, TMMOHEH KalipOHOBYIO KUWIOTY U TeKcuia-
LIeTaT B 3HAUUTEIbHbBIX KOTUUECTBaX.

[aHHbIe MCCIeNOBaHUSI apOMATOOPa3YIOIIMX KOMIIOHEHTOB
TIOJIYyTBEPAbIX U TBEPIBIX ChIUYKHBIX ChIPOB, MPOMU3BEIEHHbIX
B Pecriy6nuike Bemapych, TO3BOJIAT MOBBICUTH KOHKYPEHTOCITO-
COGHOCTb OTEUECTBEHHOI MPOAYKIINMA.

erties; the composition of the microflora involved in the pro-
duction of cheese; parameters and conditions of the process;
composition and properties of the finished product. From the
entire range of cheeses, two most significant and widespread
groups of cheeses can be distinguished: hard rennet cheeses
with high and low temperatures of the second heating and semi-
hard rennet cheeses.

In the Republic of Belarus, cheese is produced by a number of
milk-processing enterprises such as Slutsk Cheese Factory,
Berezovsky Cheese Factory, Kobrin Butter snd cheese Factory,
Baranovichi Butter snd cheese Factory, Brest Dairy Plant and etc.

At present time the primary task is to increase the competi-
tiveness of domestic cheeses when a significant amount of im-
ported products are presented on the Belarusian market. The so-
lution of this task will help to improve the quality of the cheeses
produced, increase production, more fully meet the growing
needs of the population and their consumer preferences [2,3,4].
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Despite the fact that the nature of taste and flavor of vari-
ous dairy products has one basis, each dairy product has specific
features of these indicators [5].

The following factors influence the formation of flavor and
taste of cheese [6]:

0 chemical composition of milk and microflora which regu-
lates the maturation process (various enzymes, including
native milk) [7, 8, 9];

the species composition of cultures of starter microorgan-
isms (for example, lactic ferments with protolytic activity)
[10] which also affects the acidity, pH, total solids content
(including fat, protein and water-soluble nitrogenous frac-
tions) and the degree of cheese maturation [11];

amount and type of rennet;

temperature and duration of ripening.

Components such as protein and fat form the basis of cheese
create a common taste background which is more or less the
same for all cheeses [12]. Over the time, the amount of products
after the degradation of protein in the cheese mass increases in
the cheeses, and the sensory properties of cheeses change. At
the beginning of this process, the cheese acquires the required
intensity and typicality of taste which characterizes its matu-
rity, and then the deterioration of taste, smell, texture and other
indicators has occured (as the concentration of flavoring and
aroma-forming substances changes as cheese matures).

Some components of the flavor bouquet play a more signifi-
cant role in creating the taste and aroma of cheese than other
substances. For example, cheeses contain butyric, valeric and
small quantities of caproic, caprylic and capric acids. As the
cheese ripens, the total amount of volatile acids increases. In
various cheeses the quality and quantity of volatile acids con-
tinues to increase even after the cheese has fully matured. Ex-
cessive amount of them leads to a deterioration of the taste of
cheese.

The aim of the work was to study the aroma compounds of
semi-solid and hard rennet cheeses to determine the most char-
acteristic components responsible for the formation of sensory
properties of cheeses produced in the Republic of Belarus.

a

a
a

2. Materials and methods

The studies were conducted in the Republican control and
testing complex on quality and food safety, The Scientific-Prac-
tical Center for Foodstuffs of the National Academy of Sciences
of Belarus.

23 samples of Belarusian cheese were studied with a fat con-
tent from 45 to 52 %.

The objects of study were divided into 5 groups based on the
characteristics of the production of cheeses. The division into
groups is presented in Table 1.

The study of the composition of cheeses for the content of
aroma-forming components was carried out using gas chroma-
tography with mass-selective detection (Agilent Technologies
7010 B / 5975 B system). Components were separated on a DB-
5MS capillary column with a length of 30 m, inner diameter of
0.25 mm and film thickness of a fixed phase being 0.25 microns.
Conditions for the analysis: the initial temperature of the col-
umn is 40 °C (2 min); heating the column at a rate of 10 °C / min
to a temperature of 240 °C; exposure 8 minutes; temperature of
injectors — 260 °C; detector temperature 280 °C; the flow rate of
carrier gas (helium) is 0.5 ml/min. Mass spectra were recorded in
the range of 40-500 m/z, ionization energy — 70 eV, ion source
temperature 200 °C, interface temperature 250 °C.

The chromatogram registration in the full ion current mode
was started after the end of desorption and a 2-minute delay in
order to exclude peaks from the chromatogram of volatile com-
ponents. The chromatogram was integrated to determine the
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peak areas after the registration. The total area of all identified
peaks and the relative intensity of the peak for each component
were calculated (relatively to the sum of all peaks areas). The
retention points were selected on the chromatogram which were
restored from the data on experimental mass spectra. The ex-
perimental mass spectra thus were reconstructed for each peak
of the chromatogram and used to search and compare them with
the mass spectra and their structural formulas NIST14.L. By
coincidence of the experimental spectra with the control ones
(within 5-10 %) the compounds were identified in the vapor-
space of the sample being analyzed, and the relative content of
the identified compounds was evaluated from the relative peak
areas of the chromatogram.

Table 1
Objects of study
Ne e e
of group Characterization of group Cheese Name
Emmental Elite, 45 %
1 Semi-hard cheeses made using Maasdam de Luxe, 46 %
propionic acid microorganisms Friburgois, 50 %
Lanbergold, 52 %
Semi-hard cheeses of the Dutch
2 group (formed from the reservoir)  Dutch, 45 %
(ripening period from 20 days Gouda, 50 %
to 3 months)
Alexandria, 45 %
0O,
Semi-hard cheeses, molded in bulk gig?é%?égeag%é%/o
3 (trtl)pzerrggg1 t[}))&;r)lod from 10 days Vladimirsky, 50 %
Russian special, 50 %
Russian young, 50 %
Old Amsterdam, 45 %
Rochester, 45 %
Parmesan Old, 45 %
Parmesan de lux, 45 %
4 Semi-hard and hard cheeses with Vilno, 45 %
ripening periods of 3 to 6 months  Gruver special, 50 %
Groutser extra, 50 %
Notable, 50 %
Groutser mature, 50 %
Megard, 50 %
5 Superhard cheese with a maturity Novogrudskie Dary, 45

of more than a year

Extraction of volatile components was carried out using a
Supelco™ solid phase microextraction (SPME), catalog number
No. 57330-U. Sample of cheese previously crushed into pieces
(10 g) was placed in a 40 ml vial and closed with a lid with a
rubber membrane easily pierced by a syringe. The bottle with
the sample was placed in a thermostat heated to 40 °C and held
for 10 minutes to establish a constant temperature and
equilibrium between the sample and headspace. Then, a needle
of a solidphase microextractor syringe was inserted into the
vapor space of the vial through the membrane. The fiber with
adsorbent was pushed out in such way that it did not touch the
surface of the sample and vessel walls. The solid phase
microextraction arrow with open fiber was kept in the vial for
30 minutes, then the fiber was pushed inside the syringe needle
and the device was removed from the vial.

To desorb the components, a solid-phase microextractor sy-
ringe was introduced into the chromato-mass spectrometer in-
jection system (heated to 250 °C), kept in the injection system
for 3 minutes before the end of the components desorption, then
the fiber was pushed inside the syringe needle and removed from
the input system.

3. Results and discussion

During the study there were more than 400 volatile com-
pounds found in the samples of cheese. From all these com-
pounds, 39 make the main contribution in the formation of the
aromatic profile of one from five groups of cheeses.
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The composition of the flavor bouquet of cheese includes or-
ganic volatile and non-volatile acids, alcohols, ethers, amines,
phenolic and furan compounds and other substances [13].

The average content of components by cheese groups is
shown in Figure 1.

For example, cheeses contain propionic, butyric, valeric, ca-
proic acids and caprylic and capric acids in smaller quantities.
As the cheese ripens, the total amount of volatile acids in them
increases. In various cheeses the quality and quantity of vola-
tile acids continues to increase even after the cheese has fully
matured. Excessive amount of them leads to a deterioration of
cheese’s taste.

The maximum acid content was found to be in semi-hard
cheeses made using propionic acid microorganisms, semi-
hard and hard cheeses with ripening periods of 3 to 6 months
and for superhard cheeses with a maturity of more than a year,
i.e. for cheeses 1, 4 and 5 groups, respectively. The first group
is characterized by the predominance of propionic acid, in
some samples its content can reach up to 64 % among volatile
components (Emmental Elite), whereas the quantity of bu-
tyric acid was an average of 11.5 % and its content in cheeses
of the first group does not exceed 29 % (Friburcouia ). At the
same time for cheeses of 4 and 5 groups the average content
of butyric acid was about 30% (its maximum in cheese of
Megard — 41 %). The highest content of caproic acid was found
to be 32 % in superhard cheeses with a ripening term of more
than a year (group 5, Novogrudskie Dary). Butyric acid has an
unpleasant and strong flavour, however its presence in high-
quality mature cheeses obviously creates the general complex
of flavoring and aromatic substances which is the necessary
bouquet of cheese.

According to a number of researchers [12,14], diacetyl largely
determines the taste and flavour of food products obtained as a
result of fermentation. It is an integral part of the flavoring and
aromatic substances of cheese, but oily aroma is caused by
diacetyl. Cheese may also contain acetoin. Acetoin and diacetyl
are formed during the development of propionic acid and
aroma-therapeutic bacteria in cheese, and the presence of only
acetoin indicates that this process is incomplete.

The investigated samples of cheeses are characterised by a
low content of acetoin. Diacetyl and acetoin were not detected
in the samples of cheeses of the first group, therefore it can be
assumed that propionic acid bacteria primarily contribute to
the formation of a large amount of propionic acid (Emmental
Elite and Maasdam deluxes cheeses — an average concentra-
tion of 60 %).
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Cheeses of the fifth group (Reganito) also do not contain
acetoin and have a specific composition due to the long
ripening period (1 year), which is resulting in the harsh taste.

In the cheeses of the second group acetoin is found in only
one sample (Gouda), in other samples it was absent which is
probably due to a slight ripening period.

In the third group, we see the opposite figure: only one sam-
ple (Belarus Extra) does not contain acetoin, while all the others
are characterized by high levels of this substance (up to 28 %).
We can talk about the typical severity and specific aroma charac-
teristic of semi-hard cheeses of Belarusian producers.

Acetoin was found only in half of ten samples of the fourth
group, its content was less than 1% in three of them, whereas
in the remaining two it does not exceed 10%. The data ob-
tained were confirmed by the absence of oily flavor in these
cheeses.

The products of the deep chemical transformation of milk
fat include ketones and aldehydes which can play a significant
role in the formation of the flavor bouquet of cheeses. These
substances have a certain taste and flavour and can largely
determine the properties of cheeses. The minimum content of
ketones in the studied samples indicates the freshness of
cheese and absence of a sharp aroma and special taste which
are inherent in moldy cheeses where the content of ketones
and aldehydes is predominant [15].

The content of ketones in the samples under study does
not exceed 15% and strongly depends on the ripening period:
the longer the term of ripening, the greater the amount of ke-
tones found. Thus, the maximum amount of ketones (more than
12.5%) was found in samples of group 5 (Reganito), group 4 (rip-
ening period of more than 6 months — a special Gruver).

In general, the first and second groups are characterized by
the lowest content of ketones — up to 1% (found only in samples
of Maasdam de lux and Fribrgeal). The average content of ke-
tones in the third and fourth groups is not lower than 3%. Meth-
yl amyl ketone and 2-nonanon were detected in all the studied
cheeses in significant concentrations.

Alcohols and esters in cheeses have a significant intensity of
taste and flavour. For example, the milky aroma is formed by the
harmonious combination of volatile acids, diacetyl and esters.
The bottom are formed during lactic fermentation in the
presence of alcohol and volatile acids [16,17]. For this reason,
the following samples of cheeses have a particularly
pronounced milky aroma and taste: group 2 — Dutch and
Gouda, group 3 — Alex-andria and Russian Special, group 4 —
Rochester and Griiver, in which the content of esters is in the
range of 17 — 42 % . Butyl

100% +— ] terpenes
0, 4
90% flatatas
80%
) - phenolic
70% compounds
60% ® ketones
50% m furan
40% compounds
30% M ethers
(]

20% M alcohols
0
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Group 3

Group 4

M acetoin + triacetin
Group 5

Figure 1. The content of the components according to the groups of cheeses
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acetate, hexyl acetate and ethyl acetate play a large role in the
formation of a bouquet of cheese.

The residual amount of alcohols suggests that fermentation
did not go to the end, and this is likely to affect the flavor bou-
quet of Belarus Extra and Lambergold cheeses (3 and 1 groups,
respectively) in comparison with the other samples. Samples of
the first and second groups do not contain alcohols at all which
is an unambiguous indicator of the quality and completeness of
the fermentation process [18].

Phenolic compounds, terpenes and furans provide the spe-
cific shade of smoked taste and aroma. A distinctive feature of
samples of group 4 is that the cheeses of this group do not con-
tain phenolic and furan compounds at all, which is reflected in
an exceptionally soft milky flavor (average content of terpenes
is 15 %).

The classic taste and aroma which is characterized by an av-
erage content of terpene, furan (10 — 25 %) and phenolic (up to
5 %) compounds is inherent in all samples of 1, 2, 3 and 5 groups.

4. Conclusions

Thus, the study of aroma compounds of semi-solid and hard
rennet cheeses produced in the Republic of Belarus made it pos-
sible to establish the most characteristic components respon-
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sible for the formation of their sensory properties. In total, more
than 400 volatile compounds were found from which 39 com-
pounds make the main contribution to the formation of cheese
flavor, such as propionic, butyric and caproic acids, acetoin,
methyl amyl ketone, 2-nonanone and limonene.

Therefore, propionic and butyric acids as well as terpenic
compounds (o-cymene and B-pinene) are the most characteristic
components for semi-solid cheeses made using propionic acid
microorganisms. For semi-solid cheeses of the Dutch group
(formed from the reservoir) with maturities from 20 days to 3
months the most significant are terpene compounds and ethers,
whereas for superhard cheeses with a maturation pe-riod of more
than a year the main components affecting the aro-ma profile
are butyric and hexanoic acids, 2-heptanone and limonene.
Semi-hard and hard cheeses with ripening periods from 3 to 6
months are characterized by a high content of hexanoic and
butyric acids as well as limonene and hexyl acetate. Semi-hard
cheeses which are molded in bulk with ripening periods from 10
days to 3 months contain acetoin, limonene, caproic acid and
hexyl acetate in significant quantities.

The research data on the aromatherapy components of semi-
solid and hard rennet cheeses produced in the Republic of Be-
larus will improve the competitiveness of domestic products.
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