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yak milk, protein Yaks are the large herbivorous ruminants that live in high mountain pastures at altitudes from 2,000 to 4,000 m above sea

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

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

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

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

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

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

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

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

cocmas, ce30H, Kopm HBIM KOPMOM, UTO B IMPUHIMAIIE TOCTATOYHO IJISI TUX KMBOTHBIX. B KOHIIe 3MMbI, KOT/Ia KOJMYECTBO MOJHOKHOTO KOpMa
YMEHbIIIAeTCs, SKMBOTHbIE HEIOENAIOT U TEPSIIOT B Bece. [[09TOMY Mepes IKOBOAAMM YacTO BO3HMKAeT HeOO6XOAMMOCTh
3MMHeI TOAKOPMKY KUBOTHBIX. [[0OJTHOLIEHHBIN PAI[MOH JXUBOTHOTO, HAPSAY C APYTUMU (HaKTOPAMM, OKa3bIBaeT CYIIeCT-
BEHHOE BJIMSIHME Ha €r0 MPOAYKTUBHYIO CIIOCOGHOCTD ¥ COCTaB MoJioKa. Llesb paboThl — McciefoBaHMe XMMUYECKOTO CO-
CTaBa, B YaCTHOCTU 6eIKOBOY (paKinu, MOJIOKA SKOMATOK, 0OUTAIOIIMX B TOPHBIX pernoHax KeIpreiactaHa, B CpaBHEHUN
C MOJIOKOM STYMX PA3HBIX PErMOHOB Myupa. O6bEKTOM UCCIeNOBAHMUS SIBJSIIIOCh MOJIOKO STUMX, OOMUTAIOMINX B BHICOKOTOP-
HbIX pernoHax HaperHckoit o6mactu Keipreizcrana. C6op mpob u muccaesoBaHus TPOBOAMIIN B COOTBETCTBUM CO CTAHIAPT-
HbIMM MeTofamMu. VcciieoBaHmsI TOKA3asu, 4YTO B MOJIOKE SIKOMAaTOK KbIPT'bI3CKOI MOMY/ISIIUY COEPKUTCS 6obIie Geika
(5,66%), 110 CpaBHEHUIO C MOJIOKOM KMBOTHBIX, 06uTaoIMx B ropax Kuras, Poccun u Mouronuu (4,95, 4,55 u 5,3% coot-
BECTBEHHO). B mcciieoBaHHOM HaMM MOJIOKE BBICOKOE COZlepsKaHNMe aMUHOKUCIOT, TAKUX KaK MeTUOHUH, JIM3VH, TIPOJIUH,
ennnanannu u aaHmH. Takke M3yueHbI CE30HHbIE (BECHA, JIETO) M3MeHEeHMsI 6€JTKOBOTO COCTaBa (CbIBOPOTOUHbIE GEJIKHA,
Ka3eHOBbIe GeJIKM), aMUHOKMCIOTHOTO IIpoduist, 061nero a3ora, He6eJIKOBOro a3oTa MoOJIoKa SIkoMaTok. CyMMapHoe co-
IepkaHye aMMHOKMCIOT B MOJIOKE SIKOB KbIPTbI3CKOJ TTOMY/SLMM 3aMeTHO Bblllle B BeceHHee Bpems (6189,96 mr/100 1),
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yem setom (5101,47 mr/100 r). Pe3ynbTaTsl uccaefoBaHMii, IpMBeleHHbIE B JAHHO CTaTbe, IIOKa3ajay, YTO Ce30H YOS
Y CBSI3aHHBINM C HUM PAlMOH MUTAHUS STUUX BAUSIET HAa COCTaB MOJIOKA, UTO CBSI3aHO C MUTATEIbHOCTHIO TPABSIHOTO KOpMa

u cogepkaHyeM B HeM HYTPMEHTOB.

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

(poext N2 007652).

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

1. Introduction

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

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

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

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

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

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

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

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

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

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

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

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

2. Materials and methods

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

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

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

To determine the protein composition, the following analytical meth-
ods were used:

@2
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mass fraction of protein and total nitrogen — by the Kjeldahl method
according to GOST 23327-98!;

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

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

fat content — according to GOST 5867-907;

lactose content — according to GOST 34304-20178;

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

determination of density — according to GOST 3625-841.

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

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

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

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

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

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

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

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

1.5 cm® were taken from the prepared hydrolyzed solutions, placed in
an Eppendorf tube and centrifuged for 5 minutes at 5000 rpm. Detection
was carried out in the UV region of the spectrum at a wavelength of 254
nm with a data acquisition rate of 2.5 Hz.

Statistical processing and generalization of experimental data were
carried out using application service programs Microsoft Office Excel
2010. Tabular results are presented as the arithmetic mean * confidence
interval. The reliability of differences between data samples was deter-
mined by the method of confidence intervals. Differences between means
were compared at a significance level of p < 0.05.

3. Results and discussion

The content of the basic nutrients in yak milk depends on the time
of year, seasonal food of the animals, namely the flora of the yaks’ habi-
tat. The fat content in yak milk is higher in the cold season than in
the warm season, and the total protein and lactose content is higher
in the warm season. This dependence on seasonal grass vegetation and
climate change was revealed by Chinese scientists Li et al. (2011) [11].
Yaks’ food is plentiful in warm weather, when there is plenty of green
grass, but with cold weather, short and coarse grass, as well as shrubby
plants, begin to predominate in the diet. The high content of nutrients
in milk, including fat, makes it possible to provide calves with every-
thing they need to survive in the harsh conditions of the highlands. The
content of main nutrients in yaks’ milk depending on their habitat is
given in the Table 1.

Table 1. Chemical composition of yak milk from different regions
Ta6m/lua 1. XMMMU4YeCcKui COCTaB MOJIOKA SIKOB Pa3HbIX PEermoHOB 06MTaHM$[

Yak milk, from
Biochemical . X .
composition Kyrgyzstan Tibet Tuva Altai Mongolia
(own data) (n=2) [11] [12] [13] [13]
Fat, % 5.40%0.22 6.12 6.96 7.7 7.29
Protein, % 5.66=0.06 4.95 4.55 5.3 5.31
Lactose, % 5.60+0.3 5.50 — 5.1 5.21
Dry matter, % 17.40%0.25 17.66 17.07 19.4 18.71

As can be seen from the Table 1, the content of nutrients in the milk
of yaks from different habitat regions does not differ significantly, except
for the mass fraction of fat. The milk of the animals from Altai contains
the most fat. The milk of the yaks living in Kyrgyzstan is the least fatty.
However, Kyrgyz yak milk contains more protein. The ratio of the mass
fraction of fat and protein in milk can also be used to judge the condition
of the animal and its diet [14]. The optimal ratio of these two indicators
is considered to be 1:1.1-1.5. In the milk of Kyrgyz yaks, signs of acidosis
are observed, because the ratio of the mass fraction of fat and protein was
1:0.96. This occurs when the animal has oxygen deficiency, a lack of fiber
and an excess of easily digestible carbohydrates in the feed [15].
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The density of the compared types of milk is almost the same
(1.033-1.034 g/cm3) with some overestimation for the milk of Altai yaks
(1.038 g/cm?), associated with an increased content of dry substances.

As is known, the quality of a protein is determined by its amino acid
composition. Therefore, we analyzed the amino acid profile of milk of the
animals from different regions of habitat (Table 2).

Table 2. Amino acid content of yak milk (g of AA/100 g of milk)

Tabnuia 2. AMMHOKMCIOTHBIN TPOdIIb STYbero MoIoKa (r Ha 100 r Monoka)

Aminoacid X e Tibetl1]  Tuva [15]
Threonine 0.33+£19.57 0.19 0.22
Valine 0.37+22.26 0.26 0.28
Methionine 0.20+12.21 0.11 0.09
Lysine 0.59+35.59 0.38 0.35
Phenylalanine 0.35%£20.93 0.22 0.21
Serine 0.36+21.65 0.23 0.23
Alanine 0.25+14.87 0.14 0.17
Proline 0.85%50.85 0.46 0.36

From the data presented (Table 2) it is clear that the milk of yak liv-
ing on the pastures of Kyrgyzstan contains more amino acids, which is
associated with a higher content of total protein. Amino acids such as
methionine and lysine, which are especially important for the proper
functioning of the human body, are higher in Kyrgyz yak milk by 2 and 1.5
times, respectively, compared to the yaks’ milk from other regions (China,
Russia). Lysine is useful for people suffering from cardiovascular diseases,
has a positive effect on cardiac tone, and reduces cholesterol levels in
the blood. Both of these amino acids are involved in calcium absorption,
which is beneficial for bone formation.

The milk of yak living on the pastures of Kyrgyzstan also contains
more proline (0.85 g per 100 g of milk) compared to the milk of yaks in
other regions (0.46 g and 0.36 g). Proline is important in the prevention
of diseases of the cardiovascular system, as it is responsible for strength-
ening the muscles of the heart. To improve the functioning of the hu-
man nervous system, amino acids such as alanine and phenylalanine are
needed. Alanine in Kyrgyz yak milk is almost 2 times higher (0.25 g per
100 g of milk) compared to Tibetan yaks’ milk (0.14 g) and Tuvan yaks’
milk (0.17 g). The difference in phenylalanine content in yak milk from
different regions is insignificant; however, yak milk from Kyrgyzstan con-
tains more of this amino acid.

It is known that the macro- and micronutrient composition of milk
depends on a number of factors, including the season of the year and,
consequently, the feeding diet, as well as the stage of lactation. In this as-

pect, we studied changes in the protein composition of the milk of Kyrgyz
yaks during different periods of lactation (spring, summer). The results
obtained are shown in the Table 3.

The data from the Table 3 shows that in the spring, cow milk accumu-
lates more proteins, including whey proteins, than in the summer, which
is consistent with literature data [11]. Apparently this is due to the fact
that in the pastures of the Naryn region at this time there is intensive
grass growth and the yaks feed on abundant forbs, especially rich in vita-
mins, mineral elements, organic acids and other nutrients. For example,
the content of propionic acid in herbs can affect the synthesis of lactose
and protein, although the fiber content in spring is relatively low [16].

In Kyrgyzstan, the mountain steppes are used as pastures mainly in
spring and autumn. The feature of the steppe grass stand is its high nu-
tritional value throughout the growing season. The nutrient content de-
creases as plants progress through developmental phases, but remains
high even in autumn. The protein concentration in plants decreases from
13.2 to 9.1% depending on the growth period. In years with favorable
weather conditions, when precipitation falls and warm weather prevails,
plants exhibit autumn tillering, which leads to a slight increase in their
feed value. Due to the preservation of a high protein concentration (up to
10%), steppe grass is an excellent fattening food for the animals until late
autumn. It is also known that the cinquefoil, which grows on the moun-
tain ranges of Kyrgyzstan, is well eaten by sheep and cattle. In terms of its
chemical composition, it is characterized by a high protein concentration,
which decreases to 18.8% in the flowering phase and to 11.5% at the end
of fruiting [17,18].

The chemical composition of the same plant may vary depending on
the region of growth. Thus, the fescue plant in the phase of fruit shed-
ding in the geological conditions of the Eastern Pamirs contains 7.2%
protein, in the Alai Valley of Kyrgyzstan — 6.0%, while in the pastures of
the fescue-wormwood steppe of the Kyrgyz Tien Shan range the protein
concentration in the same period is already 9.5% and 11.8% in the cereal-
forb meadow-steppe [17]. The high protein content in yak feed, especially
in the spring before the flowering phase, accordingly affects the amount
of protein in milk, which is proven by the results of our research (see
Table 3).

Of all milk proteins, 20% are whey proteins, which are of particular
value, close to the ideal protein and have a number of physiologically
functional properties. Using capillary electrophoresis, we determined the
fractional composition of whey proteins (WP) in yak milk depending on
the season. The data is presented in the Table 4.

Tabular data (Table 4) indicate that there are no significant fluctua-
tions in the quantitative content of individual fractions of whey proteins
in the milk of the Kyrgyz yak in the warm (spring) and hot (July) sea-
sons. Similar results were obtained by scientists for Chinese yak milk
(Maiwa) [11,19]. a-LA and B-LG are the two major fractions of whey
proteins, accounting for 20% and 50% of the total, respectively [20,21].

Table 3. Seasonal changes in the protein composition of yak milk
Ta6nuua 3. Ce30HHBIE M3MeHEeHMsI GeJIKOBOTO COCTaBa MOJIOKa sTYMX, o6uTawiyx B Keipreizckoii Pecrry6ike

. Milk from Kyrgyz yak (own data) Cow milk
Variables, % 5 29
Spring (May) (n=2) Summer (July) (n=2) Average value [22]
Protein 5.66+0.06™ 4.20%0.06° 4.93%0.06 3.37+0.09
Whey protein 2.11£0.3° 1.04+0.1° 1.57%0.2 0.82+0.05
Casein protein 3.52%+0.033* 3.13+0.033" 3.32%0.033 2.57+0.04
Total nitrogen 0.887+0.004* 0.659+0.004" 0.773+0.004 0.528+0.006
Non-protein nitrogen 0.0349+0.003* 0.0348+0.003* 0.03485+0.003 0.0320+0.0030

*Results are presented as arithmetic mean +SD.

both @ and ® occurring in the same line means that the results are significantly different (p < 0.05); n: the number of samples analyzed and computed in the

statistical analysis.

Table 4. Fractional composition of whey proteins in yak milk depending on the season (mg/L of milk)
Ta6m/1ua 4. (I)paK].IMOHHbIﬁ COCTaB CBIBOPOTOYHBIX 0O€eJIKOB STYbEro MOJIOKA B 3aBUCUMMOCTH OT Ce30Ha roga (MI‘/."I MOJ'[OKa)

. . Milk from Kyrgyz yak (own data) Yak milk Cow milk
Whey proteins factions 5 19 19
Spring (May) (n=2) Summer (July) (n=2) Average value [19] [19]
Serum albumin (BSA) 1.27+0.06* 1.06+0.005° 1.165%0.005 1.49 0.41
a-Lactalbumin (a-LA) 1.65+0.008° 1.51£0.007° 1.58+0.007 0.72 1.24
B-Lactoglobulin A (B-LG A) 0.747+0.003* 0.576+0.002° 0.661+0.002 0.74 330
B-Lactoglobulin B (B-LG B) 1.36+0.006° 1.28+0.006° 1.32+0.006 5.49 ’
Lactoferrin 0.09£0.00042 0.07%0.0003? 0.08£0.0004 — —

*The results are presented as the arithmetic mean £SD.

both @ and ® occurring in the same line means that the results are significantly different (p < 0.05); n: the number of samples analyzed and computed in the

statistical analysis.
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B-Lactoglobulin is the main whey protein in the milk of ruminant animals
such as cow and goat [23]. B-Lactoglobulin also dominates in the overall
aggregation and gelation of whey proteins (WP) [24].

It is also known that at different periods of the year the propor-
tion of B-lactoglobulin in the composition of WP may fluctuate. Thus,
in the work of Ostroumov [25] showed that the maximum amount of
B-lactoglobulin is observed in milk of the winter period: January —
61.9%, December — 61.0%. In the summer months (June, July) this
fraction was 57.5-57.8%. A slight decrease in the proportion of the
B-lactoglobulin fraction is noted in the WP of spring milk (March —
50.1%, April — 41.4%, May — 47.7%).

In the milk of Kyrgyz yaks, the average total content of two genetic
variants of B-lactoglobulin (B-LG A and B-LG B) is 1.98 mg/cm?® or 41.25%
of all WP (Table 4). In spring these values reach 2.1 mg/cm® or 41.02%,
and in summer — 1.86 mg/cm?® or 41.4%. That is, in contrast to cow’s milk,
in Kyrgyz yak milk there are no noticeable fluctuations in the content of
B-lactoglobulin according to the seasons of the year.

At the same time, a significant difference was found between the con-
tent of B-LG B in the WP of Kyrgyz and Chinese yak milk (Table 4). The
milk under study contains approximately 3.15 times less of this fraction
than Chinese yak milk. Further research is needed to explain this phe-
nomenon.

In the milk we studied, the ratio of the amounts of B-LG A and B-LG B
in spring and summer was 1:1.8 and 1:2.2, respectively. The ratio of the
amount of B-lactoglobulin and a.-lactalbumin was on average 1:1.25. The
work [26] presents the results of a study of seasonal fluctuations in the
amount of B-lactoglobulin in milk of khainak (hybrid of yak and cattle).
It has been established that the ratio B-LG A/B-LG B in spring, summer
and autumn is 1:2.5, 1:1.9 and 1:1.5, respectively, which indicates the de-
pendence of the content of these fractions in milk on the season. Similar
changes also occur in cow milk depending on the milk protein genotype,
stage of lactation, feeding, etc. [24,26—-29].

Lactoferrin is a minor protein and it has bactericidal properties against
E. coli. In the milk studied, its content averages 0.08 mg/cm? (Table 4),
which is comparable to cow milk [25]. In the milk of the Chinese yak Mai-
wa, the content of lactoferrin ranges from 0.144 to 0.180 mg/cm?® [30],
which is 1.8-2.3 times higher than in the milk of the Kyrgyz yak, which is
most likely due to differences in the feeding diet of the animals.

The identified seasonal fluctuations in protein content in Kyrgyz yak
milk may also affect its biological value, which is determined by the amino
acid profile. In this regard, we studied seasonal changes (qualitative and
quantitative) in the amino acid composition of milk proteins of yak ani-
mals living in the mountainous regions of Kyrgyzstan. The obtained data
(in comparison with known ones) are given in the Table 5 and in Figure 1.

The results showed (Table 5) that the total content of amino acids (es-
sential and non-essential) in the spring is slightly higher (p<0.05) than
in the summer, which is consistent with the protein content in the stud-
ied time periods. Moreover, among the essential amino acids, the sum of

leucine-isoleucine has the highest content, the average value of which
was 927.45 mg/100 g of milk, which is 1.4 times more than in Chinese yak
milk, and 2.15 times higher than in cow milk. Among the non-essential
amino acids, we can highlight proline and glutamic acid, the content of
which is also quite high in the spring and summer. Moreover, in spring
there is almost 2 times more glutamic acid than in summer. The increased
content in spring milk compared to the summer period is also typical for
other amino acids (Table 5). Thus, the average content of amino acids in
the milk of yak from Kyrgyzstan (our own research) is 5850.81 mg/100 g
of milk, while the milk of yak grazing on the highland pastures of China
contains 4700 mg of amino acids per 100 g of milk [11], and in cow milk —

2]
20

184
164
14 i--

Retention time, min (b)

Figure 1. Electropherograms of amino acid analysis of yak
milk proteins in Spring: a — Arg, Lys, Tyr, Phe, His, Leu+lIle,
Met, Val, Pro, Thr, Ser, Ala, Gly; b — Trp
PucyHok 1. dnekrpodoperpaMmmbl aMMHOKUC/IOTHOTO aHA/IN3a GE/IKOB
STYbET0 MOJIOKA B BeceHHMI iepuon, (a — Arg, Lys, Tyr, Phe, His, Leu+Ile,
Met, Val, Pro, Thr, Ser, Ala, Gly; b — Trp)

Table 5. Seasonal changes in the content of amino acids in the Kyrgyz yak milk (mg of AA/ 100 g of milk)

Tabnuua 5. Ce30HHbIE M3MEHEeHUsI CONeP)KaHNsI AMUHOKUCIOT B MOJIOKE STYMX KBIPIBI3CKOM momyssiiyy (Mr Ha 100 r Mosioka)

Milk from Kyrgyz yak (own data)

Variables .
Spring (May) (n=2)

3095.46

Summer (July) (n=2)

Total essential AA 2475

Threonine 326.1£19.57¢ 255.2£15.31°
Valine 371.0+22.26* 252.4+15.14°
Methionine 203.5+12.212 172.7+10.36"
Lysine 593.7+35.59° 465.7+27.94°
Phenylalanine 348.9+20.93° 298.7+£17.920
Histidine 195.1+£11.712 161.2+9.67°
Leucine-Isoleucine 1010.0+60.6* 844.9+50.69"
Tryptophan 47.16+2.83* 24.2+1.45°

Total nonessential AA 3094.5 2626.47

Arginine 265.1+15.91® 208.8+12.53°
Serine 360.8+21.65° 291.5+£17.49°
Alanine 247.9+14.87° 291.5+17.49°
Proline 847.5+50.85* 745.5+44.73>
Glysine 121.2+7.27° 112.8%6.77°
Tyrosine 349.3+£20.96° 293.4+17.60°
Aspartic acid 411.2+24.67¢ 214.8+12.89°
Cysteine 38.80+2.332 27.97+1.68°
Glutamic acid 863.9+51.83* 440.2+26.41°
Total AA 6189.96 5101.47

Yak milk Cow milk

Average value [6] [6]

2785.23 1950 1380
290.65 190 150
311.7 260 160
188.1 110 60
529.7 380 270
323.8 220 160
178.15 120 100
927.45 670 430
35.68 — 50

3065.58 2750 1950
236.95 160 110
326.15 230 160
269.7 140 100
796.5 460 320
117.0 120 60
320.85 220 150
313.0 330 260
33.38 40 20
652.05 1050 770

5850.81 4700 3330

both @ and ® occurring in the same line means that the results are significantly different (p < 0.05); n: the number of samples analyzed and computed in the

statistical analysis.
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3330 mg/100 g. Similar studies of khainak milk, a hybrid of yak and cattle,
were carried out by Elemanova [26]. The results of the analysis of the ami-
no acid composition of milk depending on the season of the year showed
that the amount of some amino acids does not depend on the season,
however, in the warm season the content of most essential amino acids
was higher than in the cold season.

According to FAO/WHO recommendations, the biological value of pro-
teins is determined by the balance of each essential amino acid in rela-
tion to their content in an ideal protein [31]. Deficiency of any amino
acid in the body limits the use of all other amino acids in the process of
protein biosynthesis. To determine the biological value of yak milk pro-
teins, their amino acid composition was assessed in relation to the “ideal”
protein (Table 6).

Table 6. Assessment of the amino acid composition of Kyrgyz yak
milk proteins in relation to the “Ideal” protein
Ta6m/ma 6. OHEHKa aMMHOKMCIOTHOIO COCTaBa 6e/IKOB MOJIOKa STYMXU
KBIPIbI3CKOJi MOMY/ISIINMY 10 OTHOIIEHMIO K «MIeaIbHOMY» GeJIKy

Essential amino acids, g/100 g of protein

¥
)
] £ =]
Variables = E E o o +¥ &
=) 5 s £ g5 &
E ¢ £ ¢ PE 2 E% ¢
] g = =1 0 B o O
- = - o= %) ==
< 2 g =B 2 28 g:
= > = = EE T S8 B
Ideal protein,
¢/100 g of protein 31 43 27 57 52 20 98 085
Average amino acid
content, g /100 g of 59 63 38 10.7 13.08 3.6 18.8 0.7
protein, (own data)
Amino acid score, % 190 146 141 188 252 180 192 82

Among the essential amino acids, phenylalanine+tyrosine and
leucine+isoleucine have the highest amino acid scores — 252% and 192%,
respectively. The limiting amino acid is tryptophan with a rate of 82%.
The content of other essential amino acids in yak milk proteins exceeds
100% (141-190%).

Essential amino acids do not only act as building blocks for tissue
protein, but are also precursors to glucose, participate in urea synthesis
and other metabolic processes. New physiological functions of branched
chain amino acids have been discovered [32]. They are involved in the
synthesis of nitrogenous compounds that regulate glucose metabolism,
the synthesis of lipids and proteins. Many amino acids are the essential
ingredients in the synthesis of compounds, being suppliers of nitrogen
and carbon [33]. Phenylalanine is necessary for the normal functioning
of the central nervous system and is involved in the formation of neu-
rotransmitters such as norepinephrine, adrenaline and dopamine [34].
It is also necessary for the synthesis of tyrosine. And with a deficiency
of the precursor substance, a corresponding deficiency of tyrosine oc-
curs. In turn, tyrosine is a precursor of catecholamines, converted into
dopamine by L-Dopa (a direct precursor of dopamine) and the enzymes
tyrosine hydroxylase (TH) and aromatic L-amino acid decarboxylase, and
into norepinephrine by dopamine B-hydroxylase. Insufficient intake of

phenylalanine and tyrosine from protein foods subsequently leads to
neurocognitive disorders of the human nervous system [35]. Leucine
enhances protein synthesis, so consumption of this amino acid is often
recommended for people with protein deficiency. Studies have shown
that supplemental leucine improves protein balance during fasting, and
consumption in the fasted state improves nitrogen balance [36]. Isoleu-
cine, like leucine, is not only a structural unit of tissue protein (which
accounts for 35% of essential amino acids in muscles), but also performs
other metabolic functions, in particular it is a building material for ke-
tone bodies and glucose. Thus, this amino acid regulates blood sugar lev-
els. Isoleucine is involved in the process of hemoglobin synthesis [37].
Together, these two amino acids (leucine and isoleucine) regulate basic
metabolic processes, which is especially important in diseases such as
diabetes, heart failure and cancer [38].

Thus, the nutrient composition of grasses growing in different moun-
tain regions significantly influences the amino acid profile of yak milk. The
results of the analysis of the amino acid composition of milk depending
on the season of the year showed that the content of amino acids depends
on the time of year, and their content is higher in spring than in summer.

4. Conclusions

It has been established that the composition of milk from yaks living
in different regions of the world varies slightly. Meanwhile, the milk of
Kyrgyz yak contains more protein (5.66%) compared to the milk of the yak
of Tibet, Tuva, Altai and Mongolia (4.95; 4.55; 5.3 and 5.31%, respective-
ly) with a corresponding increase in the content of all studied amino ac-
ids, which is associated with the composition of feed, with the set of flora
corresponding to each region, and the phenology of a plant vegetation.

However, the mass fraction of fat in the studied milk is noticeably low-
er (5.4%) than in the milk of animals living in a number of other regions
of the world.

The mass fraction of lactose and dry substances in the comparison
objects and in the milk of Kyrgyz yaks does not differ significantly.

Research has shown that yak milk in the spring contains more pro-
teins, including whey proteins (5.66+0.06% and 2.11+0.3%, respectively)
than summer milk (4.2£0.06% and 1.04+0.1%), which is apparently due to
seasonal changes in the nutrient composition of grasses.

There were no significant deviations in the fractional composition of
whey proteins in yak milk obtained at different times of the year. The
ratio of the amount of B-LG A and B-LG B in spring and summer was 1:1.8
and 1:2.2, respectively. The ratio of B-lactoglobulin and a-lactalbumin is
1:1.25 on average.

The total content of amino acids in the Kyrgyz yak milk is notice-
ably higher in a spring (6189.96 mg/100g) than in a summer (5101.47
mg/100g). The results of determining the health benefits of yak milk pro-
tein showed that the limiting amino acid is tryptophan (score 82%), the
remaining essential amino acids had a score above 100% (141-190%).

One of the most important factors influencing seasonal changes in the
amino acid profile of Kyrgyz yak milk is, most likely, the qualitative and
quantitative content of nutrients in the feeding ration of these animals.

The results of our research serve as further evidence of the high nutri-
tional and biological value of milk obtained from the yaks of mountain-
ous regions of the Kyrgyz Republic, which makes it possible to produce
multifunctional dairy products from such raw materials.
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