Eurasian Journal of Applied Biotechnology. No.2, 2023

UDC 579.6

MILK-CLOTTING ACTIVITY OF RECOMBINANT BOVINE AND CAMEL CHYMOSIN FOR COW’S,
GOAT’S AND EWES’ MILK

Original Article

AKkishev Zhiger'?, Aktayeva Saniya'?, Shamsiyeva Yuliya'?, Tursunbekova Annelya’®, Kalemshariv Begzhan?, Tultabayeva
Tamara®, Khassenov Bekbolat'+*

! National Center for Biotechnology, 13/5 Korgalzhyn Road, Astana, 010000,

2 Faculty of natural sciences, L.N.Gumilyev Eurasian National University, 2 Kanysh Satpayev Street, Astana, 010008;
3 S.Seifullin Kazakh Agro Technical University, 62 Zhenis Avenue, Astana, 010001

4 “GenLab” LLP, 19/1, 69, M. Gabdullin Street, Astana, 010000.

* khassenov@biocenter.kz

ABSTRACT

The Neolithic Age saw the domestication of goats and sheep. Dairy goats and lambs have been among the many new breeds
developed since then. Milk from cows, goats, and sheep was used to examine the clotting ability of recombinant chymosins
from bovine (Bos taurus) and camel (Camelus bactrianus). Recombinant bovine chymosin showed milk-clotting activities
of 12.8540 + 0.61, 5.3850 + 0.25, and 14.8110 + 0.72 U/mg when tested on milk from cows, goats, and ewes, respectively.
Activity levels of recombinant camel chymosin were 29-46% higher, coming in at 16 590 + 0.82, 7850 + 0.34, and 20 700
+ 0.85 U/mg, respectively. Both recombinant camel and bovine chymosins have proteolytic activities of 1679.97 = 9.54 U/mg
and 10,767 £ 54.56 U/mg, respectively. Milk from cows, goats, and sheep was used to make cheese with the use of recombinant
camel chymosin. The output of cheese consisted of 18.0% cow’s milk, 17.3% goat’s milk, and 15.0% sheep’s milk. In light of
these findings, recombinant camel chymosin may be employed as a coagulation enzyme in cheeses produced from cow, goat,

and sheep milk.
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INTRODUCTION

During the Neolithic Revolution, goats (Capra hircus) and
sheep (Ovis aries) were among the earliest animals domesti-
cated by humans. About 10.2 thousand years ago, the domes-
tication of the goat was first recorded in the Zagros Mountains
in western Iran [1]. Wild bearded bezoar goats (C. aegagrus)
and/or markhor goats are the most likely ancestors of current
domestic goats (C. falconeri). Among the progenitors of do-
mestic sheep are the wild mountain sheep species argali (Ovis
ammon), urial (Ovis vignei), and moufflons, which range from
the Mediterranean islands to Central Asia (O. orientalis, O.
musimon, and O. gmelini). The domestication of sheep oc-
curred in the Middle East, in the region of modern-day Tur-
key, around 8400 BCE [2]. Archaeological and paleogenetic
studies indicated that sheep existed in Central Asia circa 6000
BCE. Analysis of collagen peptides and sequencing of ancient
DNA verify the domestication of sheep in the Fergana Valley
of Central Asia [3]. Despite the fact that sheep were domes-
ticated in Central Asia later than in the Middle East, sheep
breeding expanded throughout huge territories and became
the primary source of income for nomadic peoples.

The following dairy goat breeds were obtained by selec-
tive breeding: Toggenbur, Russian, Megrelian, Cameroon,
Gorky, Alpine, Zaanen, Nubian, and Lamancha. The seasonal
production of dairy breeds ranges between 800 and 2500 li-
ters [4]. Goat’s milk may be used to make nearly the same
products as cow’s milk, including butter, sour cream, cot-
tage cheese, and cheese. In addition to its organoleptic qual-
ities, goat’s milk cheese offers a number of physiologically
relevant characteristics: goat’s milk cheeses are regarded as
lighter than cow’s milk cheeses and are easier to digest [5].
The greatest advantage of goat cheese is that it is entirely hy-
poallergenic [6]. The majority of soft cheeses are created from
goat’s milk [5].

The fundamental distinction between sheep and dairy
sheep is that the milk output ranges from 150 to 700 litres
per lactation [7]. Dairy sheep, along with meat and wool
sheep, are often bred for their wool and meat, and strong
milk outputs are an additional source of income for the farm-
ers. Sheep’s milk is too fatty to be drunk in its natural state;
instead, it is used to produce dairy products, including fa-
mous cheeses such as brynza, feta, and Roquefort [8]. Tsigai,
Awassi, Lacaune, East Friesian, and Assaf are well-known
milk-producing breeds.

There are 19 different breeds of sheep in Kazakhstan,
including coarse-wooled (Gisar, Edilbay, Kazakh Kurdish
coarse-wooled, Ordabasin, Saryarkin Kurdish), semi-coarse-
wooled (Degereys meat-wooled, Kazakh Kurdish semi-
coarse-wooled), semi-fine-wooled (Akzhaik meat-wooled,
Kazakh meat-fresh semifine woolen, Kazakh meat-woolen,
Kazakh semifine woolen with crossbred wool, Tsigay), fine-
woolen (Meat Merino, Kazakh fine-woolen, Kazakh arharom-
erino, Kazakh merino, South Kazakh merino) and smushy
(Kazakh karakul-kurynaya, Karakulskaya) breeds. In gen-
eral, the coarse-wooled and semi-coarse-wooled breeds are
more productive in the meat category, whereas the rest of
the sheep breeds, with the exception of the fur sheep breeds,
combine fine-wooled and semi-fine-wooled directions with a
meat category.

In conjunction with the lack of dairy sheep breeds culti-
vated in the country, the average milk production per ewe in
Kazakhstan is much below the global average at less than 100
liters each season. For context, a single East Friesian dairy
sheep may produce 400-500 liters of milk in a single season.
Domestic breeds, on the other hand, have been developed spe-
cifically for year-round grazing in harsh climates like those
found in Kazakhstan’s deserts, semi-deserts, and arid steppes.
The research and development of cheese-making techniques
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using the milk of dairy goats and Kazakh sheep breeds is en-
couraging.

The primary components of milk from various farm ani-
mals have been compared in previous research [9-11]. Milk
from cows, goats, and ewes ranges in protein (1.4-7.0), fat
(0.3-9.0), lactose (3.2—7.2), and minerals (0.1-1.0) [12]. The
clotting ability of milk is affected by a number of factors, in-
cluding total casein and calcium content, milk acidity, lacta-
tion stage, season, and feeding frequency. Depending on the
protein makeup (caseins, serum proteins), coagulating enzyme
activity might be very different (or even absent).

Milk is coagulated by proteases from diverse sources [13].
Animal-derived pepsin-like enzymes, such as rennet enzymes
pepsin and chymosin, are much sought after but are produced
in low quantities [14]. The use of biotechnology to create re-
combinant enzymes with similar properties to those found in
animal rennet shows promise [15]. The first recombinant en-
zyme authorized by the FDA was calf chymosin [16]. The ma-
jority of the rennet used is fermented, making it not only ko-
sher and halal, but also suitable for usage by vegetarians and
vegans [17]. Camel chymosin, like chymosin from calves,
goats, and sheep, is promising and is active against cow [ 18-
21], camel [21, 22], and mare [18, 21]. With improved ther-
mostability and enhanced milk-clotting activity [20, 23],
camel chymosin is a desirable alternative to bovine chymo-
sin in the production of commercial cheese.

Earlier, we looked at yeast-produced recombinant bovine
and camel chymosins [24-26]. The goal of this research was
to examine the differences between bovine (Bos taurus) chy-
mosin and camel (Camelus bactrianus) chymosin in their abil-
ity to coagulate milk from different mammals. According to
the findings, camel chymosin has a higher level of milk-clot-
ting activity compared to the more well-studied bovine chy-
mosin. Cheeses were produced using recombinant camel chy-
mosin and milk from cows, goats, and sheep.

MATERIALS AND METHODS

Preparation of recombinant bovine and camel chymosins

Previous descriptions of recombinant bovine and camel
chymosin synthesis may be found in [24-26]. In brief, we
synthesized de novo and cloned into pGAPZA on EcoRI
and Notl restriction sites full-length bovine (1098 bp) (Gen-
bank accession no. j00003.1) and camel prochymosin DNA
(JARL00000000.1). Following the transformation of P. pas-
toris GS115 cells, 15 colonies were selected from YEPD-agar
plates using zeocin at a concentration of 200 pg/mL and then
grown in YEPD-broth. A 3 L flask was used to cultivate 500
mL of BMGY broth (1% yeast extract, 2% peptone, 100 mM
potassium phosphate, pH 6.0, 1.34% YNB, 4x10-5% biotin,
1% glucose) with the clone that showed the highest clotting
activity for 120 hours. Recombinant bovine chymosin was
purified by centrifuging a yeast culture at 3500 x g for 15
minutes at +4 °C (BovChym). After being filtered (0.22 um),
25 mM sodium acetate was used to lower the pH to 4.5, fol-
lowed by 24 hours at rT °C, and finally 1 M HCI was used to
bring the pH back down to 3. Sodium acetate buffer (pH 3.0),
25 mM NaCl, and 50 mM DEAE-Sepharose FF were used to
load the mixture onto a column. A column of SP-Sepharose
was pre-equilibrated in a 50 mM sodium acetate buffer (pH
3.0), 25 mM NacCl solution, and the flow through was placed
62

onto the column. The cells were cleaned with a 25 mM so-
dium acetate buffer (pH 5.5), 50 mM NaCl solution. The mix-
ture was eluted using a 25 mM sodium acetate buffer (pH 5.5),
750 mM NacCl solution. The amount of NaCl that was present
in the eluted fraction was adjusted such that it contained just
25 mM, and then the combination was loaded onto Q-Sep-
harose FF that had been pre-equilibrated with 25 mM sodium
acetate buffer with a pH of 5.5 and 25 mM NaCl. Following
column washings with 25 mM sodium acetate buffer (pH 5.5)
and 25 mM NacCl, BovChym was eluted using a 50 mM - 2
M gradient of NaCl (pH 5.5). The most effective milk frac-
tions were identified using coagulation tests and were com-
bined for the study.

Goat's and ewes’ milk

We utilized milk from cows of the Holstein breed, goats of
the Saanen breed, and sheep of the Kazakh fat-tailed coarse-
haired breed.

Bacterial strains

Strains of lactic acid bacteria were isolated from goat’s,
ewes’ and mare’s milk and identified with molecular genetic
methods as Lactobacillus brevis, Enterococcus faecium, and
Lactobacillus casei.

Milk-clotting assay

Rehydrated powdered cow’s skim milk at 12% (w/v) in
0.025 mol/L sodium acetate buffer (pH 6.0) was used as the
substrate in this test, which was performed according to ref.
[27]. At least three repeats of the clone selection enzymatic
processes were conducted at 37 °C in test tubes containing
1 mL of the substrate and 20 pL of an enzyme solution. The
milk clots were exposed by inverting the tubes. As a control
milk-clotting enzyme, chymosin from bovine rennet (BioRen,
Langkamfen, Austria) was used. One unit of milk-clotting ac-
tivity refers to the quantity of enzyme required to clot one mil-
liliter of skimmed cow’s milk in 40 minutes at a temperature
of 35 °C. This equation (1) was used to determine the chymo-
sin activity units (A).

Vinite_, 2400 "

Tmc

A=

Vchym osin

where V. is milk volume (mL), Vchynmm is the volume of
added chymosin (mL), and T, is milk-clotting time (s).

Proteolytic activity assay

Anson’s [28] approach, with some modifications, was used
to quantify the proteolytic activity of the sample. To be more
specific, the reaction mixture was made up of 0.02 mL of en-
zyme and 0.5 mL of hemoglobin, both of which were sus-
pended in 50 mM citrate buffer (pH 3.0). The mixture was
stirred and incubated at 37 °C for 10 minutes. The reaction
was terminated using 0.5 mL of trichloroacetic acid at 10%.
The UV-1900i spectrophotometer was used to take the reading
for the optical density at 280 nm (Shimadzu, Kyoto, Japan).
The amount of enzyme necessary to release 1 pg of tyrosine
per minute was used as the definition of one unit of activity.

Determination of protein concentration

The Bradford assay [29] was used to evaluate protein con-
centration using bovine serum albumin as the reference pro-
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tein. Briefly, we mixed 100 pL of the Bradford reagent (pro-
tein assay dye; Bio-Rad, Munich, Germany) and 860 pL of
10% PBS with 1% glycerol and added 40 pL of a protein sam-
ple. After letting the solution remain at room temperature for
2 minutes, the spectrophotometer reading was taken at 595
nm to determine the optical density of the solution. Three bi-
ological replicates were measured, and the average of those
results is shown below [29].

Production of cheese with recombinant camel chymosin

A cheesemaking experiment was conducted on a small
scale in the lab, mostly following the protocol described
in ref. [30]. We made two kinds of cheese: one with goat’s
milk and one with cow’s. Only 5 liters of milk were used to
make each kind of cheese. The Lactan 600 Ultra Milk An-
alyzer was used to analyze and standardize the milk com-
ponents. During the 30-second pasteurization process, the
milk was heated to 75 degrees Celsius. Lyophilized recom-
binant camel chymosin (35,700 U/g), 10 mL of 10% (m/v)
CaCl,, and the lactic acid strains were added to 5 L of pas-
teurized milk, and the mixture was then incubated at 38
°C for 60 minutes. At the conclusion of the incubation pe-
riod, the whey was separated from the curd and its quantity
was noted. The curd was squeezed at 8°C with 1 kilogram
of weight. After 16 hours of pressing, the cheese weight (in
grams) was measured to determine the production yield (in
percent) for each production method. The cheese>s moisture
content was tested and recorded using an Infrared Mois-
ture Determination Balance MD 83 (VIBRA, Shinko Den-
shi Co., LTD). The cheese yields (%) were determined us-
ing the cheese weight (g) and milk volume (mL). The solid
yield (Y) was computed using the following formula (2):

Y=Mx(1-—)

100%

there, M is the cheese weight (g), and H is the cheese
moisture (%).

Statistical analysis and software

All of the measurements were carried out three times.

The program GraphPad Prism V.8.0.1 (San Diego, California,
USA, www.graphpad.com) was used to compute the mean

values as well as the standard deviation (SD). The results of
the milk-clotting activity are shown as the mean standard de-
viation (n = 3).

RESULTS

Table 1 displays the results of an experiment in which pure
recombinant chymosins from Bos taurus and Camel bactri-
anus were tested for their ability to clot milk that had been
previously reconstituted from milk from goats, cows, and
ewes.

Table 1 - The milk-clotting activity of purified recombi-
nant chymosins from B. taurus and C. bactrianus tested on
reconstituted cow’s, goat’s and ewes’ milk

) Milk Type
Chymosin
Cow’s Goat’s Ewe’s
Bovine rChymosin | 12,854 + 5385 + 14,811 +
(U/mg) 0,61 0,25 0,72
Camel rChymosin 16,590 + 7850 + 20,700 =
(U/mg) 0,82 0,34 0,85

The proteolytic activity of camel rChymosin was 1679.97
+ 9.54 U/mg and for bovine rChymosin was 10,767.0 + 54.56
U/mg.

The test of coagulation properties on fresh milk indicated
that when 1000 for cow’s and ewes’ or 2000 U for goat’s per
1 L of milk, is added, a clot forms in 3040 min. The figure
shows clots obtained from cow’s (a), goat’s (b) and ewes’
() milk.

Since mammalian milk is difficult to standardize, cheese
made from cow, goat, and ewe’s milk was manufactured in a
lab setting, and the milk’s composition was examined using a
milk analyzer. Our estimates are shown in Table 2.

Next, we determined how much cheese could be made
from cow, goat, and ewe milk in a controlled laboratory set-
ting. Following the completion of all cheesemaking steps, the
final yields of cheese from 5 L of cow’s milk, 5 L of goat’s
milk, and 1 L of ewe’s milk were nearly 900 g, 865 g, and
159 g, respectively. The information in Table 3 is converted
to 1 L of milk.

Figure 1 — Clot formation in cow’s (a), goat’s (b) and ewes’ (¢) milk

Table 2 - Indicators of cow’s, goat’s, and ewes’ milk

Total protein

Density, g/

Milk Fat (%) Proteins (%) (%) Lactose (%) Salts (%) Solid (%) om?

(V]
Cow’s 3.36£0.09  3.000.12  2.98:0.05  4470.04  0.67:0.02  11.49:033  1.028+0.002
Goat’s | 3.62+0.05 | 3.0240.10 | 299+0.07 | 4.49+0.07 | 0.68+0.04 | 11.78£0.32 | 1.028+0.002
Ewes’ 4324004  430£0.04 4242007  635£0.05  096:0.04  11.54:0.34  1.041£0.002
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Table 3 - A comparison of parameters of cheese production with the camel rChymosin from cow’s, goat’s and ewes’milk

Milk Volume  Amount of Added Whey Postpr.ess Cheese Cheese Moisture  Yield of Solids
(L) Chymosin (U) Amount (L) Yield (g) Yield (%) (%) (2)
Cow’s 1 1000 0.73 180 18.0 32.0 122.4
Goat’s 1 2000 0.69 173 17.3 44 .4 96.18
Ewes’ 1 1000 0.81 159 15.9 28.0 114.3
DISCUSSION (2.14 g per 100 g) [4]. This number is 2.55 g per 100 g of milk

Recombinant chymosin from C. bactrianus has been
shown to have stronger milk-clotting activity than recombi-
nant chymosin from B. taurus in three different species: cows
(29% higher), goats (46% higher), and ewes (40% higher).
In contrast, camel rChymosin has proteolytic activity that is
6.4% lower than that of bovine rChymosin. As shown above,
camel rChymosin is superior to bovine rChymosin as a chee-
semaking enzyme because of its higher specificity for milk
proteins.

It’s interesting to note that camel rChymosin’s activity var-
ies depending on the milk type. Goat milk has the lowest ac-
tivity of this enzyme compared to that of cow milk and ewe
milk. The protease chymosin hydrolyzes the cleavage site,
which in turn destabilizes the casein complex and causes the
casein mycelium to coagulate. Evidently, the sequence and
context of the cleavage site influence the action of camel chy-
mosin. The proportion of caseins in milk also varies from ani-
mal to animal, which affects the pace of syneresis and, in turn,
milk coagulation. Due to a higher concentration of k-casein,
rennet has a greater effect on ewes’ milk, and coagulation in
ewes’ milk occurs more quickly than in cow milk [31]. Ewes’
milk has larger quantities of casein and colloidal calcium;
therefore, although the pace of curd formation is faster than in
cow milk, the rate of syneresis is slower. Cheeses made from
cow’s, goat’s, camel’s, and ewes’ milk have all been success-
fully curdled using recombinant chymosin from C. bactri-
anus, demonstrating its versatility.

The production of cheese from cow’s, goat’s, and sheep’s
milk varied. The yield difference between cow’s and goat’s
cheese was 7%, while goat’s cheese was 12.4% moister
than cow’s cheese. When considered together, these factors
resulted in a dry matter yield differential of 131.1 g in the
cheese. A comparative total protein study of goat’s milk and
cow’s milk similarly revealed just a slight difference (Table
2). Differences in protein content account for the dissimilar
dry-matter yields of goat’s and cow’s cheeses. In comparison
to cow’s milk, the casein concentration in goat’s milk is lower

for the latter [4]. Casein concentration (w/v) varies between
2.20% and 2.62% between goat’s and cow’s milk, despite the
densities of both being 1.028 g/cm* (Table 2). Due to casein
being the primary protein in charge of milk coagulation, the
observed variation in cheese yields between goat’s milk and
cow’s milk may be attributed mostly to the variation in casein
content. Goat’s milk is often used to manufacture soft cheeses
due to its high moisture content.

Although ewes’ cheese is 4% drier than cow’s milk cheese,
the difference in yield is just 2.1%. Cow’s cheese and ewe’s
cheese may be compared to one another in terms of perfor-
mance by recalculating the yield per 1 L. Cheeses made from
cow’s milk produce 122.4 grams of solids, whereas cheeses
made from ewe’s milk give 114.3 grams of solids, a differ-
ence of just 8.1 grams.

Based on the data shown in Table 3, cheeses made from
goats and ewes have 21% and 6% less solids, respectively,
than cow’s cheese.

Caseins, lactoglobulin, and lactalbumin differentiation
in the main proteins of whole milk from cows, ewes, cam-
els, goats, and mares differed among the Bovidae, Camelidae,
and Equidae families (Table 4). Bovidae milk has roughly 3.2-
8.5 g/L of k-casein, whereas camel and horse milk have less
than 1 g/L. Hydrolysis of -casein causes the whole casein mi-
celle to become unstable, which in turn causes casein precip-
itation and clot formation since k-casein is essential for keep-
ing the casein complex in a water-soluble condition.

* Sources: Adapted from [11, 12, 32, 33].

Table 4 demonstrates that camels and horses have a low
K-casein concentration and a high albumin percentage, which
is not involved in clot formation. Cow, goat, and sheep’s milk
predominate in the cheese industry. A higher concentration of
[-casein, as shown by Wedholm et al. [34], also increases the
cheese’s hardness. Table 5 shows that the average proportion
of B-casein in milk from cows, goats, and ewes is 38%, 33%,
and 56%, respectively. Cheeses manufactured from cow’s
milk and goat’s milk have more moisture because they contain

Table 4 - Protein profile (g/L) of milk from different mammalian species

Protein Fraction Cow Goat Ewe Camel Mare
Total casein 24.8-31.9 23.3-46.3 41.8-52.7 22.1-26.0 9.40-13.56
Caseins
a -Casein 8.0-10.8 0-13 15.4-22.1 4.9-5.7 2.4
a-Casein 2.8-3.4 2.3-11.6 6-8 2.1-2.5 0.2
p-Casein 9.8-12.0 0-29.6 15.6-39.6 14.4-16.9 10.66
r-Casein 4.2-6.7 3.5-13.4 3.2-12.2 0.8-0.9 0.24
Whey proteins
p-Lactoglobulin 3.42-5.76 1.5-5.0 6.5-8.5 Absent 2.55
a-Lactoalbumin 0.63-0.89 0.7-2.3 1-1.9 0.8-3.5 2.37
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a lower percentage of B-casein (38% and 33%, respectively).

CONCLUSION

In comparison to bovine chymosin, camel chymosin
demonstrates higher levels of milk-clotting activity on cow,
goat, and ewe’s milk, at 29.0%, 45.8%, and 39.8%, respec-
tively. The strong selectivity of camel chymosin is demon-
strated by the fact that it has a proteolytic activity that is 6.4
times lower than that of bovine chymosin. These two mea-
sures highlight camel chymosin’s potential as a milk-clotting
enzyme in the cheesemaking process. Cheese made from
cow’s, goat’s, and ewe’s milk demonstrates camel chymo-
sin’s coagulator characteristics. Cheese production yielded
18.0% from cow’s milk, 17.3% from goat’s milk, and 15.3%
from ewe’s milk. These findings support the idea that recom-
binant camel chymosin might be used in cheese made from
cow’s, goat’s, or ewe’s milk as a clotting enzyme.
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AHHOTAIIUA

OjioManiHUBaHUE KO3 M OBEIL MIPOM30IILIO BO BPEMsI HEOTUTHYCCKOM peBotonnu. C TeX mop ObLTH BBIBEICHBI PA3THUHBIC
MOPOJIBI KO3 ¥ OBEII, B TOM YHCJIC MOJIOYHBIC. B maHHON paboTe MbI IPOBEPIITH MOJIOKOCBEPTHIBAIOIIYI0 AKTHBHOCTh PEKOMOU-
HAHTHBIX Obrubero (Bos taurus) u Beponroksero (Camelus bactrianus) XAMO3WHOB Ha KOPOBBEM, KO3bEM U OBEUYBEM MOJIOKE.
MosokocBepThIBaIOIIasi AKTUBHOCTh PEKOMOMHAHTHOTO OBIYBETO XMMO3UHA HAa KOPOBHEM, KO3bEM U OBEYHEM MOJIOKE COCTa-
Buia 12 854 £ 610, 5385 =250 u 14 811 4 720 Ex/Mr. AKTUBHOCTh pEKOMOMHAHTHOTO BEPOIIOKBETO XUMO3HHA ObLIa BBIIIE HA
29%-46% wu coctaBmia 16 590 + 820, 7850 + 340 u 20 700 + 850 Exn/mr. [IpoTeonuTrueckas akTHBHOCTh cocTaBmia 1679,97
+9,54u 10 767,0 £ 54,56 Ex/mr 11st peKOMOMHAHTHBIX OBIYBETO U BEPOITHOKBET0 XUMO3UHOB, COOTBETCTBEHHO. C MOMOIIBI0
PEKOMOMHAHTHOTO BEPOITFKBEr0 XUMO3UHA OBLITH IMOJYYCHBI ChIPBI U3 KOPOBHETO, KO3HETO M OBEULETO MOJIOKA. BhIxos chipa
13 KOPOBBETO, KO3HETO U OBEUbETO MoJioka cocTaBui 18,0%, 17,3% u 15,3% coorBeTcTBeHHO. [lony4ueHHbIe pe3ynbTaThl CBU-
JICTEIIBCTBYIOT O MEPCIICKTHBHOCTH UCIIOJIb30BAHUS PEKOMOMHAHTHOTO BEPOITFOKBET0 XMMO3HHA B Ka4eCTBE ()epMEHTA KOAry-
JISIIAA TIPU TIepepaboOTKe KOPOBHETO, KO3bETO M OBEYHETO MOJIOKA HA CHIPHI.

KiroueBrnie ciioBa: CBIp, MOJIOYHBIC IPOAYKTHI, (l)epMCHT, peKOM6HHaHTHLII71 XHNMO3UH, Ka3daxCKas mopoaa OBC1

CHUBIP, EHIKI )KOHE KON CYTIHE APHAJIFAH PEKOMBEUHAHTTHI BYKA )KOHE TYUE
XUMO3HWHIHIH KOATYJIAOUSAJIBIK BEJICEHAIJIITT

Axumres JKurep'?, AkraeBa Cauns?, lllamcuena IQaus?, TypcynoexoBa Annens’, Kasemmapus Berkan®, TyniradaeBa
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TYHUIH

Heomnut TeHKepici ke3iH/e emkiiep MeH Koap Konra yiiperini. Coman 0epi eniki MeH KOi/IbIH opTYpIii TYKbIMIAphI, CO-
HBIH IIIIHAE CYT TYKbIMAAPbI ocipiii. byl skyMbicTa 013 CHBIp, €K )KOHE KOW CYTiHAeri peKOMOMHAHTTHI OyKa (Bos taurus)
x)oue tyite (Camelus bactrianus) XUMO3UHICPIHIH KOATYJISIHSUIBIK OCICEHAUIINH TekcepaiK. CHBIP, CIIKi KOHE KOU CyTiHe
apHaJFaH PEKOMOMHAHTTHI OYKa XMMO3UHIHIH KOAry/sIsuibiK Oeacenaimiri 12 854 + 610, 5385 + 250 xone 14 811 £ 720
Oipiik/Mr Kypajibl. PekoMOMHAHTTHI TYie XMMO3HMHIHIH Oencenainiri 29%-46% xorapsl 60iibl sxoHe 16 590 £ 820, 7850 +
340 »xone 20 700 £ 850 Oipaik/Mr Kypasl. [IpoTeonuTuKaibIK OSICEHIITIK COUKECIHIIIE pEeKOMOUHAHTTHI OYKa MEH TYie XH-
Mo3uHepi yiniH 1679,97 + 9,54 xone 10 767,0 + 54,56 Gipaik/Mr Kypaasl. PEKOMOMHAHTTHI Tyiie XUMO3HHIHIH KOMETIMCH
CHBIP, CIIKI KOHE KOW CYTiHeH ipiMinikTep anbiHabl. CHBIp, ClIKi )KOHE KO CYTiHEH allblHFaH ipiMIuik coiikecinmie 18,0%,
17,3% »xone 15,3% Kypaabl. AJbIHFAaH HOTHXKEJIEP CHUBIP, SIIKI )KOHE KO CYTIiH ipIMIIIKTEpre oHJIeyle PeKOMOMHAHTTHI Tyiie
XMMO3HHIH yI0 (hepMEeHTI peTiH/ie naiiianany nepcrneKTuBaiapblH KOPCETEe/l.

Heri3ri ce3nep: ipiMurik, cyT eHiMIEpi, pepMEHT, pEKOMOMHAHTTHI XUMO3HH, Ka3aK KOW TYKBIMBI
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