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microstructure studied. The proteolysis degree of cheeses was directly proportional to the general proteolytic activity (PA) and
dose of the MCEs added into milk during the cheese production. With an equal dose of the MCEs added into milk,
the highest level of proteolysis was noted in the cheese options produced with recombinant bovine chymosin
(Chy-max Extra). There were no statistically significant differences (p > 0.05) in the proteolysis degree between
the cheese options made with the same doses of the camel chymosin (Chy-max M) and modified chymosin (Chy-
max Supreme). After 21 days of storage, the cheeses with Chy-max Extra MCE had the most plastic consistency,
while the cheeses with Chy-max Supreme MCE had the hardest and most elastic one. Cheeses produced with
Chy-max M MCE occupied an intermediate position in terms of consistency density. Recombinant MCEs based on
camel chymosin (Chy-max M) and modified chymosin (Chy-max Supreme) with low level of PA, may be recom-
mended for use in the production of soft cheeses. This will extend the shelf life of cheeses by slowing-down the
plasticization rate of their consistency.
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N CPOKHA XPAHEHUYA MATKUX CbIPOB

MsarkoHocos [I. C.*, A6pamos [I. B., emuukas U. H., byxapuna I. B.

Bcepoccuiickuii HayYHO-MCCIeIOBATENbCKMUI MHCTUTYT MaCIOIe/ Vs U CBIPOZeus,
Vriny, IpociaaBckast 06s1acTh, Poccus
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K/JTFOYEBBIE CJIOBA: AHHOTALUYA

MsieKull colp, VizyyeHo BiausiHMe Tura (xMMo3uH TeneHka (M® Chy-max Extra), xumosus Bep6moga (M® Chy-max M), «mo-
MoJI0KoCc8epmyl8aowuli pepmenm, mUbUIMPOBAHHBI» XMMO3MH Bepbmoga (M® Chy-max Supreme)) u mo3sl BHeceHust (1500, 2500 wmmu 3500
PEKOMOUHAHMHbIE XUMO3UHDBL, IMCU/100 Kr MOJIOKa) MOJIOKOCBEPTHIBAIOLIMX (DePMEHTOB Ha CTeIleHb IIPOTEe0I3a, MUKPOCTPYKTYPY, PEOJIOTHU -
npomeonus, 20pbKull 8Kyc, yecKye ¥ CEHCOpHbIe MoKasaTeny Markoro cbipa Kpecuenna. CrerneHs MpoTeonnsa B ChIpax, 6bUia MpsIMO TPO-
peonozust, MUKpOCmpyKkmypa MOPLMOHAIbHA YAENbHO [IPOTeONUTUYECKOI aKTUBHOCTHU 1 103e M@, BHECEHHBIX B MOJIOKO TP IIPOU3BOJCTBE

coipa. [Ipu paBHOI 103e BHeceHMss M® B MOJIOKO, HauGOIbINNIT YPOBEHb MTPOTEO0/IM3a OTMEYAJICS B BapMaHTax
CBIPOB, MPOV3BEIEHHBIX C PEKOMOMHAHTHBIM XUMO3UHOM TejieHKa (M®PIT Chy-max Extra). OTcyTcTBOBamu cra-
TUCTUYECKU JOCTOBEpHbIe pasinuus (p > 0,05) Mo cTerneHu MpOTeon3a B BapuaHTaxX ChIPOB, TPOV3BEIEeHHbBIX
C OIMHAKOBBIMMU JT03aMU xuMo3uHa Bepbmoga (MPIT Chy-max M) u «monuduipoBaHHoro» xumo3suna (MOIT
Chy-max Supreme). Yepe3s 21 cyT XpaHeHMsI, KOHCUCTEHIMsT CbIpoB ¢ M@ Chy-max Extra 6puta HamnbGosee 1uia-
CTUYHOM, KOHCUCTeHLMs chIpoB ¢ M® Chy-max Supreme Haubonee TBepioi 1 ynpyroit. CbIpbl, M3rOTOBJIEHHBIE
¢ M® Chy-max M, 3aHMMaJI TPOMEKYTOUHOE TIOIOKEHME TI0 TFIOTHOCTM KOHCUCTeHIMY. PekoM6MHAHTHbIe MO
Ha OCHOBe X1MOo31Ha Bep6opa (Chy-max M) u «moguduuypoBaHHoro» xumosuna (Chy-max Supreme), o6nana-
I0IIVe HU3KUM ypoBHeM [TA, MOKHO peKOMeH/I0BaTh JJISI MUCIIOJIb30BaHMS B IPOM3BO/ICTBE MSITKIX ChIPOB B lie-
JISIX 3aMeJJIEHNUST CKOPOCTH TIacTUUKALMM KOHCUCTEHIIMM ChIPOB B MPOLIECCe XPAHEHWS Y YBEeIMUYEHMS 38 CYeT
9TOTO MPOJIOJKUTETHHOCTY CPOKA CHIPOB.

OUVHAHCHPOBAHUE: CTaTbsi MOATOTOBIEHA B paMKax BBIMOJTHEHMS UCCIeI0OBaHMIi 1O TocymapcTBeHHOMY 3amanuio N2 FNEN-2019-0010 dene-
paJbHOTO HAYYHOTO LIeHTpa NMUIleBbIX cucteM uM. B. M. Topb6aToBa Poccuiickoit akageMum HayK.
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1. Introduction

Proteolysis is an important part of cheese ripening and oc-
curs as a result of action produced by a milk-clotting enzyme
(MCE) and enzymes of starter microorganisms. These compo-
nents remain active after the completion of cheese production
in the cheese bath, which leads to undesirable over-ripening of
cheese during the storage that is expressed in the appearance of
taste and consistency defects.

In the hard and semi-hard cheeses a considerable part of
the MCE is removed from the cheese curd into the whey [1,2].
In the pizza-cheeses (pasta filata) the MCE is mainly inactivated
by high temperature applied to the cheese mass for softening
before stretching [3].

In the soft cheeses with high moisture content, a significant
amount of the MCE is retained in the aqueous phase of cheeses.
A greater retention of the MCE in the cheese mass is favored by
the low pH of the milk curd set in the process of soft cheese pro-
duction [4,5]. A combination of high moisture content, low pH,
and low salt concentration in the soft cheeses promotes the MCE
proteolytic activity (PA) [6,7].

Two approaches can regulate the MCE proteolytic activity in
cheeses:

O reduction of the MCE dose;
O use of the MCE with a low PA level.

The MCE dose reduction is associated with such disadvan-
tages as the longer duration of coagulation and the formation of
the cheese curd with a higher moisture content. However, nega-
tive effects of the MCE dose reduction may be compensated by
increasing the milk-clotting activity (MCA) of the MCE with op-
timized milk coagulation conditions. These conditions include
the increased temperature of coagulation (> 34°C), the milk
acidification (below pH 6.6), the enrichment of milk with protein
(e. g., with milk powder) and calcium ions (CaCl,) [8,9].

The use of a MCE with a low PA does not require any adjust-
ments of the cheese processing technology. Recombinant bovine
and camel chymosin preparations are used as the MCEs with low
PA [10,11,12,13,14]. A modified chymosin preparation has re-
cently been put on the market under the brand name Chy-max®
Supreme by Chr. Hansen A/S [15]. Modified chymosin is reported
to be 95% identical to camel chymosin and has a higher specific
MCA level and remains active at a higher pH as compared with
the natural camel chymosin [16]. Thanks to these properties, the
modified chymosin can induce a rapid coagulation of milk with-
out its prior acidification with a lactic acid starter.

The aim of this paper is to study the effect of the type and the
dose of MCEs based on recombinant chymosins of different ori-
gin on the proteolysis in soft cheeses and proteolysis-associated
processes of cheese structure and consistency changing. The
study was conducted in the process of producing soft cheese of
the Italian type Crescenza [17]. The choice of Crescenza cheese
for the study was associated with two factors. First, the previ-
ous studies showed that the shelf life of Crescenza soft cheese
could be increased by means of reducing proteolysis in cheese
resulted from the use of camel chymosin instead of bovine ren-
net [10]. Second, a combination of high temperature (38 °C) and
low pH level (6.2-6.4 pH units) during milk coagulation in Cres-
cenza cheese technology [18] corresponds to the optimal condi-
tions for the MCE activity and opens up the potential for using a
reduced MCE dose without compromising the positivity of milk
coagulation and the moisture content of the resulting milk curd.

2. Materials and methods
2.1. Materials

In the studies, milk from a single supplier, Agrivolga LLC
(Yaroslavl region, Burmasovo village) was used. A lactic acid
starter based on direct-to-vat bacterial concentrates (DVS-type)

STI®-12 and STI®-14 that contained Str. thermophilus strains
(Chr Hansen A/S) and MCEs of the following brands (Chr Hansen
A/S): Chy-max® Extra 600 Liquid, Chy-max® M 1000, and Chy-
max® Supreme 1000 was used in the cheese production.

The qualification of reagents used for analysis was at least
“analytical grade”.

2.2. Determination of proteolytic activity

of milk-clotting enzymes

The proteolytic activity of milk-clotting enzymes was evalu-
ated according to GOST 34430-2018' (Russian National Stan-
dard), as applied to weakly acidic proteases (at pH 5.3). Informa-
tion on the values of the milk-clotting and proteolytic activity of
the MCEs used in this study is given in our article [19].

2.3. Cheese production

Information on the process conditions of Crescenza cheese
production and composition of the resulting cheeses at the be-
ginning of the storage period is given in [19].

2.4. Methods for compositional analysis and proteolysis
determination of cheeses

Chemical composition of cheeses was studied in the course
of storage at 7, 14, and 21 days.

The dry matter content in cheeses was determined by heat-
ing at a temperature of 102%2°C according to IDF 4 standard?.
The protein content in cheeses was determined by Kjeldahl
method according to IDF/RM 25 standard?. The mass fraction of
NaCl in cheeses was determined by Mohr method using titration
with AgNO, [20]. The active acidity of cheeses was measured on
a Testo 206-pH2 digital pH-meter (Testo SE & Co. KGaA, Federal
Republic of Germany) in a suspension obtained by grinding 10 g
of cheese with 10 of distilled water.

The degree of proteolysis in cheeses was evaluated (in per-
cent) as a ratio of the water-soluble nitrogen content (WSN) to
the total nitrogen (TN) content in cheeses. Water-soluble nitro-
gen content was determined in water-soluble extracts of cheeses
obtained by Kuchroo and Fox method as modified in [21].

2.4.1. Molecular weight distribution of proteolysis products

Molecular weight distribution of soluble protein substances
was determined in water-soluble extracts of cheeses by high
resolution gel filtration using a column Superose 12 10/300 GL
(GE Healthcare, Sweden). For analysis, an extract for determi-
nation of soluble protein mass fraction was used, addition-
ally filtered through cellulose acetate filters with a pore size
of 0.45 pm (Vladipor, Russia). An eluent was 0.05 M Na,HPO,
+ 0.15 M NaCl aqueous solution; the flow rate of the eluent
is 0.5 ml/min; detection wavelength was 280 nm. The col-
umn was calibrated against the elution time of the protein
substances with a known molecular weight: 1gG (180 kDa),
aldolase (158 kDa), BSA (69 kDa), ovalbumine (43 kDa), B-Lg
(36.0 kDa), a-La (14.4 kDa), cytochrome C (12.3 kDa), trypto-
phan (0.204 kDa). A calibration curve was based on a logarith-
mic regression model [22]. Molecular weight distribution was
calculated as an area proportion of individual peptide fractions
in the total area under the chromatogram. The result was ex-
pressed as a percent content of peptide fractions within various
ranges of the molecular weight [23].

! GOST 34430-2018 Enzyme preparations for food industry. Method for
the determination of proteolytic activity. M.: Standartinform, 2018-12 p.

? 1SO 5534:2004[IDF 4:2004] Cheese and processed cheese — Determina-
tion of the total solids content (Reference method).

* SO/TS17837:2008[IDF/RM 25:2008] Processed cheese products — De-
termination of nitrogen content and crude protein calculation — Kjeldahl
method.
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2.5. Rheology

Rheological properties of cheeses were studied using a Weis-
senberg rheogoniometer, model R-19 (Sangamo Weston Controls
Limited, the UK). Testing mode: periodic shearing deformation
with a preset frequency and amplitude of oscillations. A combina-
tion of “cone-plane” with a diameter of 25 mm was used as working
tools. A cone-apex angle was 2°. The linearity of periodic deforma-
tion mode was attained at an amplitude of angular displacements
of the working tools of 1.1-10- rad at a frequency of 3.16 Hz. The
temperature of samples in the course of measurements was
21+1°C. Based on determined primary viscoelastic terms (the
storage modulus, G’, and loss modulus, G”) complex modulus (G*)
along with phase angle tangent (tan &), were calculated [24].

2.6. Microstructure studies

The microstructure of cheeses was studied by the method of
light microscopy in oblique lighting mode, on micro-sections of
cheese with a thickness of 100+10 pm. Photo images were taken
with a Canon EOS600D digital camera. Image correction was car-
ried out with Digital Photo Professional software v.4.5 (Canon Inc.).

2.7. Experimental design and statistical analysis

The study was conducted on the basis of a full factorial de-
sign [25], which included 2 categorial factors varying at 3 levels,
i. e. the factor of “MCE brand” (Chy-max Extra, Chy-max M and
Chy-max Supreme) and the factor of “MCE dose” (1500, 2500, and
3500 IMCU / 100 kg of milk). The experiments were carried out in
triplicate in a randomized order.

The combined effect of experimental factors and cheese
storage time on the response variables (pH, degree of proteoly-
sis, and rheological properties) was assessed by modifying the
selected full factorial design into a “split-plot” design [26] with
introduction of an additional factor, “age”.

Statistical processing of the experimental data is carried out us-
ing a Statistica® application software (ver. 5.5, StatSoft, the USA).

3. Results and discussion

Table 1 shows the results of assessing the effect of factors on
response variables by two-way ANOVA.

The ANOVA results given in Table 1 suggest that the effect of ex-
perimental factors (“MCE type”, “MCE dose”, and “cheese age”) on
the response variables (pH, degree of proteolysis, and rheological
properties of cheeses during storage) may have different strength.

Table 1. Mean sum of squares deviations, level of statistical
significance(in parentheses), and R? values of the ANOVA
model for response variables

Degree of  Complex shear Loss
Factor df pH proteolysis, modulus (G*), tangent
% Pa (tan d)
Type 2 0.004(-) 67.007 (***) 71086 530 (***) 0.22151 (***)
Dose 2 0.015(**) 20.673 (***) 10168610 (*)  0.01103 (-)
Age 2 0.063 (***) 140.266 (***) 1037 347000 (***) 1.11991 (**¥)
Type*Dose 4 0.002 (-)  2.202 (**¥) 9041 086 (***)  0.02317 (**
Type*Age 4 0.001(<)  3.512 (**¥) 1734935 (=)  0.04677 (***)
Dose*Age 4 0.005(-)  9.452 (***) 24992 840 (***) 0.04467 (***)
Error 62 0.002 0.232 2478 696 0.00443
R? 0.58 0.97 0.94 0.92

df — number of degrees of freedom;

Factor keys: Type — MCE type; Dose — MCE dose; Age — cheese storage time;
Error — percentage of the response variable variation related to an error;

R? — coefficient of determination for ANOVA model.

Level of statistical significance of the factor effect evaluation (in parentheses):
“~” —no significant (p > 0.05); “*” — p < 0.05; “**” — p < 0.01; “***” — p < 0.001.

3.1. Acidity (pH)

There is a significant effect of “MCE dose” and “age” factors
on the change in the pH level of cheeses during storage (Table 1).
Depending on the size of effect on the “pH” response variable, the
effecting factors are arranged in the following order: “age” > “MCE
dose”. There is no paired effect of a factor set on the “pH” re-
sponse variable. The selected set of the ANOVA model factors ex-
plains a 58% variation proportion for the “pH” response variable
(R? = 0.58). Figure 1 shows the graphs demonstrating a change in
the active acidity of Crescenza cheese options produced with dif-
ferent types and doses of MCEs during the cheese storage.

Data on the pH level in cheeses shown in Figure 1 demon-
strates the nature of the effect exerted by “MCE dose” and “cheese
age” factors on the pH value. The effect of the “age” factor on pH is
associated with cheese pH reduction during storage resulted from
transformation of milk sugar into lactic acid by starter bacteria.
The graphs given in Figure 1 show that the pH reduction level dur-
ing the storage of cheeses is approximately the same for all test
options (~ 0.1 pH units). At the same time, due to the higher pH
level at the baseline, cheeses produced with the maximum MCE
dose (3500 IMCU/100 kg of milk) retain a higher pH level until the
end of the storage time. This is one of the reasons explaining the
effect of “MCE dose” factor on the pH value of cheeses.

5,30

pH

5,20

5,10

5,05

Age: 7 14 21 Age: 7

14 21 Age: 7 14 21

Dose: 1500 IMCU*100 kg Dose: 2500 IMCU*100 kg™ Dose: 3500 IMCU*100 kg™
- Chy-max Extra -~ Chy-maxM -T- Chy-max Supreme
Figure 1. A behavior pattern of change in the active acidity of Crescenza cheese samples produced
with different types and doses of MCEs, during storage of the cheese.
Keys: Age — the age of the cheese, days; Dose — 1500, 2500, and 3500 IMCU/100 kg — the MCE dose added into milk during cheese
production. Data is given as “mean* confidence interval (p = 0.05)”.

241



Myagkonosov D. S. et al. | FOOD SYSTEMS | Volume 5 No 2 | 2022 | pp. 239-248

Another reason explaining the effect of MCE dose on the pH
value of cheeses is an effect of MCE dose on the moisture con-
tent in cheeses in the beginning of the storage period. Figure 2
shows the dependence of the pH decrease during storage on the
dry matter (moisture) content in cheeses.

The data of the graph (Figure 2) clearly demonstrates that chees-
es produced with a higher MCE dose of 2500-3500 IMCU/100 kg
(Group II) have on average a higher dry matter content (i. e. lower
moisture content), than cheeses produced with a low MCE dose of
1500 IMCU/100 kg (Group I). The higher the moisture content in
cheeses is, the higher the content of lactose dissolved in the aque-
ous phase is obtained. The greater amount of available lactose re-

sults in a greater formation of lactic acid by a lactic acid starter as
well as in a greater decrease in the pH level in cheese.

3.2. Degree of proteolysis

The ANOVA results suggest that all the experimental factors
exert a pronounced, significant (p < 0.001) effect on the degree of
proteolysis in cheeses (Table 1). Depending on the size of effect
on the “proteolysis degree” variable, the effecting factors are ar-
ranged in the following order: “age” > “MCE type” > “MCE dose”.
The ANOVA model with the selected set of factors describes a
variation of the “proteolysis degree” response variable in a sig-
nificant manner at R? = 0.97. Figure 3 shows the graphs demon-
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Figure 2. The relationship between the pH decrease of the cheese (between 7 and 21 days of storage) and the dry matter
content in the cheese at the beginning of the storage period (7 days). Groups I and II are distinguished, which have statistically
significant differences (p < 0.05) in average dry matter content and in the level of pH decrease. Cheese options are designated
by the type and dose of the MCE used in the following manner: Chy-max Extra at an applied dose of 1500 IMCU/100 kg (OJ),
2500 IMCU/100 kg (M), 3500 IMCU/100 kg (H); Chy-max M at an applied dose of 1500 IMCU/100 kg (A), 2500 IMCU/100 kg (A),
3500 IMCU/100 kg (A); Chy-max Supreme at an applied dose of 1500 IMCU/100 kg (O), 2500 IMCU/ 100 kg (®), 3500 IMCU/100 kg (®).

Age: 7 14 21 Age: 7

Dose: 1500 IMCU*100 kg™
4 Chy-max Extra

Dose: 2500 IMCU*100 kg™
-~ Chy-maxM -IF- Chy-max Supreme

Age: 7 14 21
Dose: 3500 IMCU*100 kg™

14 21

Figure 3. A behavior pattern of proteolysis in Crescenza cheese samples produced with various types and doses of MCEPs,
during storage. Keys: Age — the age of the cheese, days; Dose — 1500, 2500, and 3500 IMCU/100 kg — the MCEP dose
added into milk during cheese production. Data is given as “mean * confidence interval (p = 0.05)”
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strating a change in the proteolysis degree of Crescenza cheese
options produced with different types and doses of MCEs during
storage.

A behavior pattern of proteolysis plotted in Figure 3 suggests
that the “age” exerts the most pronounced effect on the degree
of proteolysis in cheeses. A near linear dependence of the prote-
olysis degree in cheeses on the age is observed. With an increas-
ing dose of MCE added into milk, an increase in the degree of
proteolysis is noted. The cheeses produced with the MCE of the
same type, but with different doses of the MCE did not show any
significant difference (p < 0.05) in proteolysis degree at the simi-
lar time points throughout the storage period.

With an equal dose of MCEs added into milk, the highest
level of proteolysis during storage is noted in the cheese op-
tions produced with recombinant bovine chymosin (Chy-max
Extra). There is no significant difference in the degree of prote-
olysis in the cheese options produced with the same doses of the
camel chymosin (Chy-max M) and modified chymosin (Chy-max
Supreme).

It was found earlier that the studied brands of recombinant
chymosins had different levels of nonspecific PA [19]. Figure 4
shows the dependence of the proteolysis degree in cheeses after
21 days of storage on the MCE dose added into milk and calcu-
lated as PA.

The data shown in Figure 4 suggests that the degree of pro-
teolysis in cheeses is proportional to the MCE dose added into
cheeses and calculated as PA units. Therefore, the higher the
PA of the milk-clotting enzyme is and the higher its dose is, the
greater degree of proteolysis in cheese is obtained.

3.3. Molecular weight distribution of proteolysis products

Along with differences in proteolysis level, the studied MCEs
also differ by the specific nature of proteolytic action. Figure 5
shows the diagrams of molecular weight distribution for Cres-
cenza cheese samples produced with different types and doses
of MCEs after 21 days of storage.

As compared to Chy-max M and Chy-max Supreme MCEs,
Chy-max Extra MCE forms more proteolytic products with a
weight of less than 5 kDa, which potentially have a bitter taste
[27,28]. In fact, the samples of Crescenza cheese produced with
Chy-max Extra MCE, demonstrated the development of bitter
taste at the end of the storage time, and the intensity of this
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Figure 4. Dependence of the proteolysis degree in cheeses

at storage day 21 on the number of PA units added into
milk with a MCE

taste was proportional to the MCE dose added: from a “slight
bitterness” at a dose of 1500 IMCU/100 kg to a “moderately pro-
nounced bitter taste” at a dose of 3500 IMCU/100 kg. At the same
time, for cheeses made with Chy-max M and Chy-max Supreme
MCEs, even addition of the maximum dose was not associated
with development of bitter taste till the end of the storage time.
This is in line with the findings obtained by Bansal et al [14] who
found that bitter taste developed during ripening in samples of
Cheddar cheese produced with Chy-max Extra MCE, but not in
samples of cheeses made with Chy-max M MCE.

Milk-clotting enzymes break down caseins mainly to high
and medium molecular weight (over 10 kDa) peptides, and some
of these peptides are not water-soluble [29,30]. Insoluble prod-
ucts of proteolysis that have passed through a filter with a pore
size of 0.45 ym constitute a fraction of turbidity-forming par-
ticles in the filtrate, which elutes as a single high peak in the
void volume (VO0) of the chromatographic column. The turbidity-
forming particles also include other insoluble substances, such
as fat particles and fragments of fat globule membranes [31].
There was no apparent association between the type or dose of
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Figure 5. Molecular weight distribution of water-soluble proteolysis products in Crescenza cheese samples (at the age of 21 days)
produced with different types and doses of MCEs. Keys for a MCE brand: Extra — Chy-max Extra; M — Chy-max M; Supreme —
Chy-max Supreme. VO — void column volume, Vt — total column volume
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a MCE and the quantitative content of the fraction of turbidity-
forming particles in water-soluble extracts of cheeses.

The chromatogram shows a substantial number of soluble
protein substances with a weight of 25 kDa or more (hereinafter
we imply a fraction with a molecular weight over 25 kDa, which
has a longer retention time than that of the fraction of turbidity-
forming particles). The content of this fraction increases with
an increase in the MCE dose from 1500 to 3500 IMCU/100 kg for
all types of studied MCEs. The Chy-max Extra dose also shows
the greatest effect on the content of the fraction with a weight
of > 25 kDa. Protein substances of this molecular weight have
no taste, therefore, an apparent consequence of the proteolysis
characterized by predominant formation of peptides with a mo-
lecular weight > 25 kDa is the plasticization of cheese consis-
tency due to degradation of its protein network caused by prote-
olysis rather than the formation of pronounced taste [32,33,34].

Due to the bond ruptures in the protein matrix that forms a
bearing frame of the cheese, a high intensity of cheese proteoly-
sis leads to a loss of the cheese mass cohesion, which is mani-
fested by the plasticization of the consistency (excessively plas-
tic, viscous, spreadable consistency). The association between
the proteolysis and the cheese mass structure is confirmed by
studies of the microstructure of cheeses produced with MCEs of
various types [35,36,37].

3.4. Microstructure

The type and dose of the MCEs used in the production of
test cheeses influenced not only the physical and chemical in-
dicators and the degree of proteolysis of cheeses, but also their
microstructure. Figure 6 shows the photo images depicting the
typical appearance of the microstructure of Crescenza cheese

(R Vi

Figure 6. Microstructure of Crescenza cheese samples produced with different types and doses of MCEs.
Keys for the MCE brands: Extra — Chy-max Extra; M — Chy-max M; Supreme — Chy-max Supreme

options produced with different types and doses of MCEs at the
end of the storage time (21 days).

The fresh cheeses produced with MCEs of various types did
not show any difference in the microstructure and were char-
acterized by a heterogeneous structure, which consisted of dis-
tinctly separated grains. Besides, there were holes in the cheese
structure filled with moisture or air bubbles (photo image not
shown). Clear differences in the microstructure of cheeses deve-
loped by the end of the storage time.

Cheese mass protein hydration caused by proteolysis occurs
during cheese storage. The moisture contained in the boundary
layer separating the grains from each other is absorbed by the
protein matrix, which results in the disappearance of bound-
aries between the grains and in the formation of a homoge-
neous cheese structure. The higher the degree of proteolysis in
the cheese is, the greater change in the cheese structure since
the beginning of its ripening and storage is observed. Cheeses
with a low degree of proteolysis are characterized by a het-
erogeneous structure with distinctly separated cheese grains.
Cheeses with a high degree of proteolysis demonstrate a more
uniform, highly dispersed structure due to the disappearance
of large grains as a result of their hydration [2,13,35]. Cheese
samples produced with Chy-max M and Chy-max Supreme
MCEs had a lower degree of proteolysis and a more massive
structure of the casein network as compared with cheeses pro-
duced with Chy-max Extra MCE.

3.5. Rheological properties

ANOVA results given in Table 1 show that in terms of the
effect size exerted on the complex modulus (G*), the effecting
factors are arranged in the following order: “age” > “MCE type” >
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Figure 7. A behavior pattern of the complex modulus (G*) changing during storage for Crescenza cheese samples produced
with various types and doses of MCEs. Keys: Age — the age of the cheese, days; Dose — 1500, 2500, and 3500 IMCU/100 kg —
MCE dose added during cheese production. Data is given as “mean * confidence interval (p=0.05)”

“MCE dose”. A selected set of factors included in the ANOVA
model provides a significant description of the variation of the
“complex modulus (G*)” response variable at R? = 0.94.

Figure 7 shows a behavior pattern of G* change for various
options of the test cheeses during storage.

The complex modulus, G* is calculated by the following for-

mula [24]:
G*=V((G)* +(G")), M
where

G' is the storage modulus, Pa;
G" is the loss modulus, Pa.

The G* modulus reflects the overall reaction of a material to
the deformation applied and therefore correlates most closely
with the organoleptic estimation of the consistency. Cheeses
with hard and elastic consistency are characterized by high G*
values, while cheeses with soft and plastic consistency are char-
acterized by low G* values [24,38].

The same trend is noted for all cheese options. The G* value
decreases until the 14th day of storage. After that time point,
the G* value remains stable. The G* value shows no significant
changes (p < 0.05) between day 14 and day 21 of storage. The
decrease in the G* value from day 7 till day 14 is reflected by the
change in cheese consistency, which varies from slightly hetero-
geneous (which is typical for fresh cheese) to coherent. In the
period of time from day 14 till day 21 there are also no changes
in cheese consistency in the absence of significant changes in
the G* values.

A clear effect of the MCE type used in the production of
cheeses is noted for the rheological properties and sensory
assessment of consistency. With the same dose of a MCE, the
cheeses produced with Chy-max Supreme MCE have a higher
G* level by the end of the storage time than that of the cheeses
made by addition of Chy-max Extra or Chy-max M MCEs. There
are no significant differences in G* values between cheeses pro-
duced with the same doses of Chy-max Extra and Chy-max M
MCEs throughout the entire storage time.

ANOVA results given in Table 1 show that in terms of the ef-
fect size exerted on the loss tangent (tan §), the effecting factors
are arranged in the following order: “age” > “MCE type”. There is

no direct significant effect of the “MCE dose” factor on the tan §
value. At the same time, a significant effect on the tan & value is
observed for the “MCE dose” factor when it acts in pair with the
“age” and “MCE type” factors. The ANOVA model with the se-
lected set of factors describes a variation of the “tan$” response
variable in a significant manner at R? = 0.92.

Figure 6 shows a behavior pattern of the tand change for
various options of the test cheeses during storage.

The loss tangent (tan §) is calculated by the following for-
mula [24]:

"

18®) =" )

Low values obtained for tan § indicate that gel properties
(elasticity, flexibility) are prevailing in the sample. High values
indicate the prevalence of liquid properties (fluidity, viscosity)
of the sample.

Analysis of the data shown in the graphs (Figure 8) allows
us to draw the following conclusions. For the cheeses produced
with the same type and dose of the MCE, a significant increase in
the tan 8 value (p < 0.05) is observed between day 7 and day 14 of
storage. The changes in the tan J level of cheeses are insignifi-
cant (p > 0.05) between day 14 and day 21 of storage. Changes in
the tan § values were accompanied by the change in the sensory
assessment of the cheese consistency from “elastic” at 7 days to
“plastic” at 21 days.

The tan § (tand > 1) values obtained in this study are higher
than the values of tan 8, obtained by other investigators. Alino-
vi et. al [10] measured the rheological properties of Crescenza
cheese and obtained the tan 6 values in the range of 0.25-0.33
at a test sample temperature of 4 °C. In the study by Rogers et
al [39] evaluating the rheological properties of Cheddar cheese,
it was found that the G’ and G” values obtained for cheeses at
10°C were higher than those obtained at 25 °C. The high tan §
values obtained in this study may be explained by the compo-
sition of cheeses and the measurement conditions. Measure-
ments were taken at a temperature of 22+ 1 °C, which affected
the plasticity of the fatty phase and resulted in a reduced hard-
ness (G’ parameter) and an increased fluidity of the cheese
mass (G” parameter). This affected the tan & parameter derived
from G’ and G”.
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3.6. Cheese consistency

Figure 9 shows the photo images of the appearance of Cres-
cenza cheeses produced with various types of MCEs at the mini-
mum and maximum doses.

Chy-max Extra
1500 IMCU*100 kg

Chy-max Extra
3500 IMCU*100 kg™

Chy-max M Chy-max M
1500 IMCU*100 kg 3500 IMCU*100 kg

Chy-max Supreme
¥ 3500 IMCU*100 kg

|

Chy-max Supreme
1500 IMCU*100 kg

Figure 9. Structure (appearance) of the test Crescenza
cheeses produced with different types and doses of MCEs
after 21 days of storage. Cutting was made
to show the sliceability of the cheese

After 21 days of storage, all options of the test Crescenza
cheeses maintained the consistency desirable for high-qual-
ity cheese. No combination of the studied MCE type and dose
showed the formation of viscous, spreadable, knife-sticking con-
sistency of cheese. There were differences in the consistency of
cheeses produced with different types and doses of MCEs. Among
the cheese options with the same dose of a MCE, the cheeses

made with Chy-max Extra MCE had the most plastic consisten-
cy, while cheeses produced with Chy-max Supreme MCE had the
hardest and most elastic one. The consistency of cheeses made
with Chy-max M MCE was distinctly harder than that of cheeses
produced with Chy-max Extra MCE, but less hard than that of
cheeses made with Chy-max Supreme. Comparison of cheeses
produced with the same type of the MCE suggests that cheeses
produced with a higher dose of the MCE had the denser, thicker
consistency than that of cheeses produced with a lower dose of
the MCE. The sensory assessment findings obtained for cheeses
were in line with their rheological properties.

4. Conclusions

Differences in the type (bovine chymosin (Chy-max Extra
MCE), camel chymosin (Chy-max M MCE), modified camel chy-
mosin (Chy-max Supreme MCE)) and the dose (1500, 2500 or
3500 IMCU/100 kg of milk) of MCEs used in production of chees-
es led to the significant differences (p < 0.05) in the behavior
pattern of changes in cheese proteolysis and rheological proper-
ties during storage.

The proteolysis degree of cheeses was in direct proportion
to the number of PA units added into milk for cheese processing
together with a MCE. With an equal dose of the MCEs added into
milk, the highest level of proteolysis was noted in the cheese op-
tions produced with recombinant bovine chymosin (Chy-max
Extra MCE). There were no statistically significant differences
(p > 0.05) in the degree of proteolysis between the cheese op-
tions produced with the same doses of the camel chymosin (Chy-
max M MCE) and modified chymosin (Chy-max Supreme MCE).

With the equal doses of MCEs, the cheeses produced with
Chy-max Supreme MCE had a higher G* level by the end of the
storage time (21 days) than that of the cheeses produced with
Chy-max Extra or Chy-max M MCEs. There were no significant
differences (p > 0.05) in G* values between cheeses produced
with the same doses of Chy-max Extra and Chy-max M MCEs
throughout the entire storage time.

Microscopic findings confirmed the mechanism of effect ex-
erted by proteolysis on the rheological properties and cheese
consistency that was described in the scientific literature. Pro-
teolysis leads to a degradation of the protein matrix that forms
a bearing frame of the cheese. An increased degree of proteo-
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lysis is associated with the intensified destruction of the protein
network; as a result, the elastic properties of the cheese mass
characteristic of fresh cheeses decrease, and the plastic proper-
ties of the cheese mass typical of ripened cheeses develop. The
increased plastic properties of cheeses during storage resulted
in an increased loss tangent (tan 3).

By comparing the dependences of the pH level on the mois-
ture content in cheese and of the moisture content in cheese on
the type and dose of MCEs used in the production of cheese, a
processing method was formulated that allows the manufacturer
to adjust the cheese consistency by selecting the type and dose

of a MCE. The use of a MCE with a low level of PA (Chy-max M
or Chy-max Supreme) at an increased dose (3500 IMCU/100 kg)
yields cheeses with a higher dry matter content and a higher pH
level. Such cheeses have a dense consistency that changes only
slightly by the end of the cheese shelf life.

Recombinant MCEs based on camel chymosin (Chy-max
M) and modified chymosin (Chy-max Supreme) which have a low
PA level and exert a low proteolysis level may be recommended
for use in production of soft cheeses to slow-down the plasti-
cization rate of cheese consistency and hence to increase their
shelf life.
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