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The purpose of this work was to study milk-clotting and proteolytic properties of preparation
«Glyeck». Using Soxlet method we showed that the preparation possesses a high milk-clotting activity,
and this activity doesn't change a lot during the storing process (up to 2 years). This is due to two pro-
cesses taking place simultaneously: decrease in milk-clotting activity of the preparation and reducing the
water content in the preparation. Proteolytic activity of the preparation was investigated by both: the
modified Benki method and electrophoresis in polyacrylamide gel alkaline system. Electrophoretically
homogeneous fractions of asi-, B-, and k-caseins were obtained to characterize the specificity of the pro-
teolysis. The specificity of cleavage of casein fractions by «Glyeck» preparation was compared with this
one of the rennet enzyme and pepsin. It was found that «Glyeck», rennet enzyme and pepsin actively split
K-casein. Preparation «Glyeck» showed low proteolytic activity to asi- and B-caseins that is typical for
purified chymosin. Electrophoretic analysis of proteolysis products of casein fractions confirms the high
specificity of «Glyeck» preparation towards k-casein. Casein fractions such as as1- and -casein were more
resistant to this preparation. The results indicate that preparation «Glyeck» is a natural milk-clotting
preparation with high quality and it is mainly consists of protelytic enzyme chymosin.
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fractions.

Enzyme coagulation of milk is an important
process in the production of various types of
cheese. This process can be attributed to food
biotechnology. It reproduces coagulation of
milk casein in the stomach of dairy calves. The
biological significance of this phenomenon lies
in the retention of milk protein casein complex
in the stomach for better digestion [1, 2].

Casein coagulation occurs due to specific
cleavage of k-casein (peptide bond 105-106)
using chymosin (EC 3.4.23.4). As a result
a hydrophilic glycomacropeptide (k-casein
fragment 106—169) is formed. After losing
glycomacropeptide the casein micelles coa-
gulate thanks hydrophobic interactions,
formation of calcium phosphate and hydrogen
bonds [3]. With much less intensity chymosin
also breaks down some peptide bonds of as;-,
and pB-casein (24 bonds of as;-casein and 9 bonds
of B-casein). The cleavage of k-casein, resulting
in coagulation of milk and clot formation,
is called specific proteolysis in cheese
biochemistry. Splitting other casein fractions
and k-casein fragments is called nonspecific
proteolysis [1]. Nonspecific proteolysis causes
loss of proteins and occurrence of peptides

with bitter taste. Therefore chymosin is the
best suited agent for milk coagulation in cheese
production. However, this enzyme is deficient
because it is produced only from dairy calves
stomachs. With the transition from milk to
other feed calves begin to synthesize pepsin.
Milk-clotting preparations containing pepsin
have high non-specific proteolytic activity and
lead to loss of the protein and occurrence of
flavoring defectsin cheese[4]. Attemptsto find
a cheap chymosin substitute have been lasted
for many years. It was suggested pepsin from
different animals, plant proteases, enzymatic
preparationsof microbialorigin[2, 5]. But none
of them could fully replace chymosin. In 80-th
chymosin i-RNA was obtained and genetically
engineered recombinant microorganisms that
synthesize chymosin appeared. The properties
of the obtained enzyme were similar to those
of chymosin from the stomachs of calves [6,
7]. Enzyme preparations are widely used
nowadays, but there are certain risks related
to their origin from recombinant organisms.
That is why the traditional natural milk-
clotting preparation, which is produced in
farms of Ukrainian Carpathians, attracts
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attention. This preparation is used there
for a long time to produce soft cheese from
sheep’s and cow’s milk. It is called «Glyeck»
or «Glyeg». In 1955 professor Rudavska H.
B. described the production process of cheese
in the Carpathians using the preparation
«Glyeck» [8]. According to the manufacturing
technology of the preparation — it has to
include chymosin as a milk-clotting enzyme.
However, there has been no detailed research
of composition, activity and specificity of
enzyme preparation since those times.

Based on the foregoing, the purpose
of our work was to study the biochemical
characteristics of traditional milk-clotting
enzyme preparation — «Glyeck».

Materials and Methods

During our research we used the samples
of milk-clotting enzyme preparation «Glyecks»
which were stored nearly one month, one year,
two years. The preparations were obtained in
Kosiv region during 2013—-2014. For comparison
we used standard rennet enzyme which was
manufactured in Moscow factory of rennet
enzymes (Russia) and pepsin (Kaunas, Lithuania).

Total casein was obtained from fresh
skim milk by isoelectric precipitation under
condition of inactivation of natural proteases.
Homogeneous fractions of as;-casein and
B-casein were obtained by differential
precipitation in the presence of urea and with
ion-exchange chromatography purification
with DEAE — Toyopearl-659M (Sigma-
Aldrich). Homogeneous k-casein was obtained
by preparative electrophoresis in anodic
system of polyacrylamide gel (PAAG). The
conditions of preparative electrophoresis were
described earlier [9]. Homogeneity of caseins
and fractional composition of products division
were analyzed by method of electrophoresis
on the vertical plates of PAAG in the system
of Stadiera. It was used the alkaline buffer
gel system (pH-7.9), that included 25 mM of
Tris, 27 mM of dietylbarbiturate,and 4.5 M
of urea. Electrophoretograms were fixed and
manifested using common methods. Fractional
composition of milk-clotting preparations
was analyzed with disc-electrophoresis on the
PAAG plates under native conditions as it was
described in [10]. Electrophoretic buffers and
gels were prepared, using reagents of “Reanal
(Hungary).

Milk-clotting activity by Sokslet method
and proteolyticactivity of enzyme preparations
by Benki method were examined as previously
described in [2]. Humidity of preparations
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was determined by drying them to constant
mass at 100 °C. Total protein in preparations
was determined by Keldal using the conversion
coefficient 6.25.

Concentration of casein fractions was
determined on a spectrophotometer SF-46 (A =
280 nm). Absorbtion coefficients (D'”,,,):
10.0 — for as;-casein; 4.6 — for [B-casein;
9.6 — for k-casein and 8.2 — for total casein.

Results and Discussion

We used for researches Enzyme milk-clotting
preparations «Glyeck» that were stored under
the same conditions during one month, one year
and two years. The samples of preparations at
different storage period are shown at Fig. 1.

All these preparations can be used for
production of soft cheese, made from sheep’s
and cow’s milk. The amount of preparation,
which is used for milk clotting and clot
obtaining, slightly depends on storage period.
To clarify this phenomenon we determined
the following indices for three groups of
preparation (1 month, 1 year, 2 years): water
content, proteins content and milk-clotting
activity. Results are given at Table 1.

These results suggest the increase of
milk-clotting activity during the first year of
storage. The decrease was noticed only after
two years. And only after two years it begins
to decrease. Milk-clotting activity is relatively
small in comparison with the standard rennet
enzyme (100,000 u/g). Obviously this is due
to the high water content, which gradually
decreases throughout the storage period (from
~60% to 16%). Taking into account of water
content the activity of fresh preparation
relative to standard enzyme will be nearly
50,000 u/g. During storage period the activity
of preparation decreases, based on the total
protein, by more than 2 times for two years.
Butit doesn’t change alot in terms of the whole
preparation. Such suitable properties of the

1 2 3

Fig. 1. Enzyme milk-clotting preparations
«Glyeck» at different storage period:
1 — one month; 2 — one year; 3 — two years
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Table 1. Characteristic of milk-clotting preparations «Glyeck» of different storage time

Storage time of Total protein Water content Milk-clotting activity Milk-clotting activity
preparations (g/100g of o > | according to Soxlet (u/g | according to Soxlet (u/g
. (%) . . -
«Glyeck» preparation) of preparation) of preparation protein)
1 month 11.0+1.5 59 = 8.3 5100 = 580 45000 = 740
1 year 17.0+2.9 31.0+3.4 5700 = 450 33000 = 5 600
2 years 25+4.5 16 £ 2.5 4500 = 580 18000 = 4 900
Note: P <0.05.

preparation were selected empirically on the
base of conditions providing its manufacturing
and storage.

In addition to milk-clotting activity
the proteolytic activity is the important
characteristic of milk-clotting preparations.
As it was previously shown the proteolytic
activity of preparation «Glyeck» in regarding
to total casein was similar to this one of the
rennet enzyme, moreover it was much lower
than pepsin’s activity. This may indicate
that chymosin was the main component of
the preparation. To verify this fact it was
performed the proteolysis of main casein
fractions by the modified method of Benki.
0.5% solution of casein fractions: as;,
B- and k-casein were used as substrates.
Proteolytic preparations («Glyeck» — 1
month, rennet enzyme and pepsin) were taken
in concentrations, which provided the same
milk-clotting activity. Enzyme-substrate
ratio for pepsin was 1:100. Concentration of
other preparations was set so that they had
the same milk-clotting activity. Proteolysis
was performed at pH-7.2 and t° 35 °C.
The products soluble in 12% trichloroacetic
acid proteolysis products were determined
spectrophotometrically at wavelength A = 280
nm. However, this method was not sufficient to
compare the proteolysis of the casein fractions
because they differ significantly in their
ability to absorb ultraviolet (see Matherials
and Methods). Therefore we admitted in
calculations that proteolysis products of each
fraction have the same absorption coefficients

(D'*,.,) as the fractions themselves. Optical
density (Eag,) for ag;-casein and for its proteolysis
products was left unchanged, for -casein the
optical density was multiplied by a coefficient

2.17 (D' Lemogy—CN/ D 1emp-cn)> and for k-casein

by a coefficient 1.04 (Dl%lcmocsl—CN/ DY on)-

Results of proteolysis are given on graphics
(Fig. 2, 4 and 6). Each point is the average of five
measurements. As it can be seen all preparations
actively cleave k-casein. Higher values of pepsin
proteolysis apparently achieved through non-

Fig. 2. Proteolysis of og;-casein:
1 — by milk-clotting preparation «Glyeck»; 2 — by
rennet; 3 — by pepsin.

1 2 3 4 5

Fig. 3. Electrophoretogram:
1 — total casein; 2 — o0g;-casein; 3 — aig;-casein
after proteolysis by preparation «Glyeck»(60 min);
4 — og-casein after proteolysis by rennet (60 min);
5 —ag;-casein after proteolysis by pepsin (60 min).

Fig. 4. Proteolysis of -casein:
1 — by milk-clotting preparation «Glyeck»;
2 — by rennet; 3 — by pepsin
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specific proteolysis of k-casein (Fig. 6). Rennet
enzyme preparation has also admixture of pepsin
and therefore possesses higher proteolysis
activity than «Glyeck». In relation to ogq-casein
and B-casein «Glyeck» showed low activity, that
is typical for pure chymosin [1]. Rennet enzyme
and especially pepsin cleave these fractions
actively. To verify the specificity of proteolysis
we selected samples for electrophoretic analysis
of the proteolysis products. The results of
electrophoresis are given at Fig. 3, 5 and 7.
According to these data x-casein was actively
cleaved by all preparations. At the same time
glycomacropeptide is absent, as in alkaline buffer
system it is not included in the gel. According
to electrophoresis data o,;- and B-casein had
no changes under the action of the preparation
«Glyeck». At the same time rennet enzyme
having the same milk-clotting activity showed
the notable proteolysis of o - and B-caseins.
At Fig. 5 it is presented the typical peptides
of B-casein, which are formed by the action of
rennet enzyme and pepsin. The specificity of
casein fractions proteolysis is associated with
the appearance of the defect in cheese — its
bitter taste. It takes place due to accumulation
of bitter peptides. There are many hydrophobic
amino acids in these peptides. Among the casein

1 2 3 4 5

Fig. 5. Electrophoretogram:
1 — total casein; 2 — P-casein; 3 — [P-casein after
proteolysis by preparation «Glyeck»(60 min); 4 —
B-casein after proteolysis by rennet (60 min); 5 —
B-casein after proteolysis by pepsin (60 min)
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fractions the most hydrophobic is B-casein [11].
Its C-terminal site possesses the most pronounced
hydrophobic properties. Peptides obtained from
this site have extremely bitter taste. Another
source of bitter peptides is oy;-casein [4].

As «Glyeck» shows low activity towards
o, and B-caseins, it can be concluded that it is
a valuable natural milk-clotting preparation,
which is close to chymosin according to its
properties. On the other hand, «Glyeck» can
be stored for a long time without significant
changes in its milk-clotting activity.

Fig. 6. Proteolysis of k-casein:
1 — by milk-clotting preparation «Glyeck»;
2 — by rennet; 3 — by pepsin
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Fig. 7. Electrophoretogram:
1 — total casein; 2 — k-casein; 3 — K-casein after
proteolysis by preparation «Glyeck»(60 min);
4 — K-casein after proteolysis by rennet (60 min);
5 — K-casein after proteolysis by pepsin (60 min)
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MOJIOKRO3CITJAJIBHA TA ITPOTEOJIITHYHA
ARTHUBHICTDb RAPITATCBROI'O
EH3UMHOTI'O ITPEITAPATY «I'JIEK»

A. B. Okaano

TepHOIiIbChKUII HAIIIOHAJIBHUN TeXHiUHUHA
yHiBepcuret imeHi IBana Ilymtos,
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MeTor0 po6oTHu 6YJI0 OCTIKEeHHSI MOJIOKO3Ci-
JaJIbHUX i IPOTEOIITUUHNX BJIACTUBOCTEN ITpema-
pary «I'yek». PedyabTaTu foCaig:KeHHA METOIOM
CokcJiiera mokasaJjiu, IIIo Ipenapary npuTaMaHHa
BHCOKa MOJIOKO3CiZalbHa aKTUBHICTh, IPUUOMY
BOHA MalKe He 3MiHIOETHCA B IIpoIieci 30epirau-
HA (Mo naBox pokiB). Ile BimbyBaeTbcA 3aBAAKU
OMHOYACHOMY 3MEHIIEHHIO MOJIOKO3CiZaJabHOI
aKTUBHOCTI mig yac 30epirauusa Ta 3MeHIIIeHHIO
BMicTy Bonu y ipenapari. IIpoTeosiTuuny akTUB-
HiCTh JOocaimsKyBaam MOAU(piKOBAHUM METOAOM
Benki, a Tako:x einekTpodopesoM y Jy:KHIiH cuc-
TeMi mosiakpusamiguoro reto. g xapakTepu-
CTUKU crerudivyHoCTi mpoTeosidy 0yJio BUAIIEHO
eseKTpodopeTuyHO romMoreHHi dpakrmii og;-, B-,
i k-xaseiniB. CoenmudiyHicTh POIIIENIeHHA Ka-
gdeinoBux (ppakniii npenaparom «I'sex» mopis-
HIOBAJM i3 CUUYKHUM €H3MMOM Ta MEICUHOM.
VYV pesyabTaTi BCTAaHOBJEHO, 110 «[JIEK», CHUYIK-
HUN eH3VM i IeICWH aKTUBHO PO3MIENJIOITH
k-xasein. CTocOBHO Og;- 1 B-kaseiniB «I1ex»
MOKa3aB HU3bKY IIPOTEOJIITUYHY aKTHUBHICTH,
10 XapaKTepPHO AJIA OUHnIleHoTro Ximosuny. Hani
eJIeKTPO(OPEeTHYHOTO aHAJIi3y IPOAYKTIiB IIpoTe-
0J1i3y KaseiHoBuX (GpakKIliil migTBepaAKyIOTH BU-
COKYy crernu@iuHicTh mpemnaparty «I'JI€K» CTOCOBHO
Kk-raseiny. dpakriii og;- 1 f-kaseinis € BigHOCHO
crifikumu mo aii nmporo nmpenapary. Orpumani pe-
3yJIbTATHU CBigUaTh, 1[0 3 MPOTEOJITUUHUX €H3U-
MiB «I'JIeK» MiCTHUTH Yy CBOEMY CKJIALi IIepeBaKHO
XiMOBHYH i € BUCOKOSAKICHMM HNPUPOIHUM MOJO-
KO3CiaJbHUM IIpernapaToM.

Knwuosi cnoea: MOJOKO3CiTaJIbHUI mIpemapar
«I'imex», MOIOKOBCiZaIbHA AaKTUBHICTD, IIPOTEOJIi-
TUYHA aKTUBHICTh, Ka3elHoBi (ppakrmii.

MOJIOROCBEPTBIBAIOIIAA 1
IIPOTEOJIUTHYECKAA AKTUBHOCTD
KAPITATCROI'O 9H3SHUMHOT'O
IIPEITAPATA «I'JIEK»

A. B. IOxkano

TepHOIONBCKUH HAITMOHAJIBHBIN TEXHUUECKUH
yHuBepcureT umenu sana Ilyntoa, Ykpauna

E-mail: biotech@tu.edu.te.ua

Ilenbio paboThl GBLIO HWCCIIETOBAHUE MOJIOKOC-
BEPTHIBAIOINX U IIPOTEOJIUTHUECKUX CBOMCTB IIpe-
naparta «I'siek». PedysbTaThl nccaefoOBaHUSA METO-
moMm Cokciiera IoKasasiu, UTo IIpenapaTry IPUCYIa
BBICOKAsI MOJIOKOCBEPTHIBAIOIIAsl aKTUBHOCTD, IIPU-
yeM OHA IIPAKTUYECKU He M3MeHAeTCS B IIpoIlecce
XpaHeHu (10 ABYX JIET). ITO IIPOUCXOIUT OJraroaps
OHOBPEMEHHOMY YMEHBIIIEHNI0 MOJIOKOCBEPTHIBA-
IOIIeH aKTUBHOCTY IIPU XPAHEHUU U YMEHBIIIEHUIO
cofepsKaHuA BoAabl B Ipemnapate. IIporeonutuue-
CKYI0O aKTUBHOCTBH WCCJIELOBAIN MOTU(DUIIPOBAH-
HBIM MeTOomoM DBoHKM, a TaKiKe 5JeKTPoopes3om
B IIIeJIOYHOM CHCTeMe IIOJIHMAKPUIAMUIHOTO TeJid.
1 xapaKTepuCTUKY CHeIN(MIIHOCTH IIPOTE0IN3a
OBLIIO BBIEJIEHO 3JIEKTPOOPETUUECKY TOMOTeHHEIE
dpakmuu og;, P- # K-KazenHOB. CreruduIHOCTD
paciienieHnsa KaseMHOBBIX (DPAKIIM IpenapaToM
«I';mex» cpaBHUBAIM C CBITY)KHBIM SH3UMOM U IIEI-
cuHoM. B pesynbrare ycranoBieHo, uTo «I'imek»,
CBIUY KHBIF 9HBUM M IIEIICMH aKTUBHO DaCIIeIlIA-
10T K-KasenH. 1o OTHOIIEHNIO K Ogi- U [-KasenHam
«I'yexk» 1moKaszas HUBKYI0 IPOTEOJIUTUUECKYIO aK-
TUBHOCTb, UTO XapPaKTEPHO AJIS OUUIIEHHOI'O0 XU-
MosmHa. [laHHbIe 371eKTPO(POopeTUIecKOro aHaIu3a
IIPOAYKTOB IIPOTE0IN3a Ka3eMHOBBIX (DPAKITUIL ITO-
TBEPIKJAIOT BBICOKYIO CIIeIIU(UYHOCTH IIperapara
«I'mex» oTHOCUTENIBHO K-KasenHa. Ppaknuu Og - U
[}-Ka3erHOB OTHOCUTEIHLHO YCTOMUUBEI K [EHCTBUIO
aTOro npemnapara. IlosyuyeHHble pe3yIbTaThl CBUE-
TEeJIbCTBYIOT, UTO U3 IIPOTEOJUTUYECKUX SH3UMOB
«I';mex» comep:XuUT B CBOEM COCTaBe IIpeUMYyIIie-
CTBEHHO XVWMOSWH U SBJISETCA BBICOKOKAYEeCTBEH-
HBIM TIPUPOAHBIM MOJIOKOCBEPTHIBAIOIIIMM IIpema-
paTomMm.

Kniouesvle cnosa: MOJIOI{OCBepTI)IBaIOH_[I/Iﬁ IIperiapar
«Inex », MOJIOKOCBEPTHIBAIOIIIasA aKTNBHOCTD, IIPOTE-
OoJInMTN4YeCKaA aKTNBHOCTb, Ka3€MMHOBBIE (bpaKI_H/II/I.
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