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Abstract: Yak milk is a dietary source of high-quality protein in the plateau region of China but as yet uncharacterized oxidative changes
occur during heat treatment. Therefore, oxidation of and proteomic changes to milk proteins from plateau pasture-fed yaks after at
different temperatures were investigated. Content of carbonyl groups, surface hydrophobicity increased, and total sulthydryl, disulfide
bond content decreased. Endogenous fluorescence intensity decreased after at increasing temperatures, indicating increased particle size,
and absolute values of the zeta potential decreased. Analysis by Fourier transform infrared spectroscopy showed changes of the secondary
structure, with relative content of a-helices increasing and then decreasing, -sheet showed a trend of decreasing and then increasing while
the relative content of random curl did not change. The close range of the S-turn gradually decreased, breaking the protein microstructure,
and folding stacking occurred. Proteomics analyses showed a temperature dependent effect. Sixty-two proteins were suppressed and
49 elevated with 4 pathways up-regulated and 7 down-regulated at 65 °C. Thirty-one proteins were suppressed and 37 elevated with
5 pathways up-regulated and 4 down-regulated at 90 °C. The most extensive changes were observed at 120 °C, when 327 proteins were
suppressed and 308 elevated with 11 pathways up-regulated and 33 down-regulated.
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implications. Incorrect degradation, folding and accumulation of
oxidation products may lead to oxidative stress and imbalance of
the redox state. Such effects have been linked to atherosclerosis®,
diabetes mellitus and neurological weakness"’, among other disease
states. Addition of protein oxides to the diet of mice has been found
to cause oxidative damage to the liver, kidneys and digestive organs
and to activate the JNK/p38/TGF-f1 signaling pathway to induce

1 Introduction

Yak milk is a primary source of high-quality protein for the
inhabitants of the highland regions of China and represents an
economically significant industry. Heat treatment is a necessary
part of processing in the form of low- or high-temperature
pasteurization and ultra-high-temperature. The high content of

unsaturated lipids, endogenous oxidative enzymes, metal catalysts
and other components could potentially cause that oxidative
damage occurs during heat treatment" . High temperature, high
pressure and shear conditions cause breakage of the peptide chain",
protein aggregation or cross-linking, formation of carbonyl groups
and loss of free amino acids". Physical properties are also affected
by oxidation, such as solubility, hydrophobicity, water retention and
antioxidant capacity. Native protein function may be completely
lost as a result”. Fats may also be oxidized, generating fatty
oxygenates, such as malondialdehyde, to accelerate oxidation,
denaturation and cross-linking of proteins"™. Such changes may
decrease the nutritional value of dairy products and have health

oxidative stress, inflammation and renal fibrosis"*"". In addition,
oxidized tyrosine products caused apoptosis of mouse islet and
MIN-6 cells and changes to thyroid hormone levels". We
hypothesized that oxidative modifications to yak milk caused by
heat treatment would alter absorption of oxidation products and
affect health status. Conventional biochemical methods are limited
to identifying changes to specific proteins but 4D off-label
proteome quantification technology improves proteomic analysis
with increased speed.

Proteomics is a relatively new field which enables precise analysis
of complex dairy protein mixtures, including protein detection,
identification, characterization and quantification. Proteomics
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technology has been used to analyze proteomic differences in milk
fat globule membrane proteins from human, bovine, goat and yak
sources'” and identify and quantify 198, 169, 213 and 128 proteins
respectively in the respective sera’. Proteomics techniques also
allowed identification of 2 650 proteins in yak longissimus thoracis,
revealing that phosphoproteins were involved in myogenic fiber
organization, energy metabolism regulation and signaling and
N-glycoproteins in extracellular matrix organization, cellular
immunity and organic matter homeostasis in vivo™. One hundred
and eighteen out of 181 N-glycoproteins were identified in milk and
yogurt and 13 N-glycosyl groups were found to be significantly
changed following fermentation™. Signaling interactions during
neonatal immunity and digestive maturation have also been
elucidated” . However, protein modifications in heat-treated yak
milk have not previously been analyzed. The current study
investigated protein oxidation in yak milk from the Tibetan plateau
after at different temperatures to inform processing methodologies.

2 Materials and methods

2.1 Materials

Fresh yak milk was collected from the plateau pasture in Dangxiong
County, Lhasa City, Tibet in June 2021 and transported to the
laboratory at -4 °C.

Aniline-1-naphthalenesulfonic acid (ANS), disodium
hydrogen  phosphate, potassium  dihydrogen phosphate,
2,4-dinitrophenylhydrazine (DNPH), sodium dodecyl sulfate
(SDS), 5,5-dithiobis(2-nitrobenzoic acid) (DTNB), trichloroacetic
acid (TCA), guanidine hydrochloride, ethanol, ethyl acetate,
Coomassie brilliant blue R-250, sodium hydroxide, potassium
chloride, hexa magnesium chloride dihydrate, calcium chloride
dihydrate, hydrochloric acid, ammonium carbonate, sodium
bicarbonate, sodium chloride, glutaraldehyde, disodium hydrogen
phosphate and sodium dihydrogen phosphate were purchased from
Chengdu Kolon Chemical Co.

2.2 Sample preparation

Yak milk samples were centrifuged at 2 149 x g, 4 °C for 15 min.
The upper fat layer discarded and the lower liquid layer (whey
protein) retained. Samples were divided into 4 groups: control, low
temperature pasteurization (65 °C for 30 min), high temperature
pasteurization (90 °C for 10 min) and high temperature group
(120 °C for 10 min). Sterilized samples were freeze-dried at 50 °C.

2.3 Measurement of the base content

Assays were performed according to the methods of Mestdagh et al.™
and Shao et al.” with slight modifications. Briefly, 0.2 mL diluted
sample solution was added to 0.8 mL HCI (2 mol/L) containing
10 mmol/L DNPH and mixed with 2 mol/L HCI without DNPH
used as a blank. Solutions were incubated for 1 h at room
temperature. Then 0.4 mL 40 g/100 mL TCA added with mixing
and standing for 30 min. The precipitate was centrifuged at
10 000 r/min for 20 min at 4 °C, washed 3 times with ethanol-ethyl
acetate (1:1, V/V) and dissolved in 1.0 mL phosphate buffer
(0.02 mol/L, pH 6.5) containing 6 mol/L guanidine hydrochloride.
Absorbance was measured at 370 nm and carbonyl content was
expressed as nmol DNPH/mg protein (molar extinction
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coefficient = 22 000 L/(mol-cm)). Protein content was determined
by BCA kit and calculated by Eq. (1):

OD,; — 0D,

Protein carbonyl content (nmol/mg) = 2xLxp x 125 x 10° (1)

Where OD, is the absorbance of the test tube, OD, is the
absorbance of the control tube, L is the colorimetric optical
diameter (10 mm), and p is the protein concentration in the sample

(mg/mL).

24 Determination of sulfhydryl content and disulfide
bonds

Free and total sulthydryl groups were determined by DTNB
colorimetric assay according to the methods of Cao et al.” and
Wang et al.”” with slight modifications.

Free sulthydryl groups: 0.5 mL sample was mixed with 2.0 mL
SDS solution (0.03 g/mL) and 0.2 mL DTNB (10 mmol/mL) was
added with incubation for 1 h of light-proof reaction and the
absorbance was measured at 412 nm. DTNB-free solution was used
as the control and free sulthydryl content in mmol/g prot was
calculated according to the following formula.

Total sulthydryl groups: 0.8 mL defatted sample was mixed with
0.2 mL 8 mol/L urea and 0.03 g/mL SDS solution for 1 h before
0.5 mL 40 g/100 mL TCA solution was added with incubation for
1 h. Samples were centrifuged at 5 000 r/min for 10 min. The
precipitate washed with 40 g/100 mL TCA and centrifugation
repeated. The process was repeated twice and the final precipitate
dissolved in 1 mL SDS solution (0.03 g/mL). Total sulthydryl
content was determined as above for free sulthydryl content.

Disulfide bond content was calculated from total sulthydryl
content minus free sulthydryl content divided by 2. Results are
calculated by Eq. (2) and expressed as sulthydryl content per mg of
protein (nmol/mg):

D
Sulfhydryl content (nmol/mg) = 73.53 X Ay X — (2)
p

Where Ay, is the absorbance of the sample after subtracting
the reagent blank, D is the dilution factor, and p is the protein
concentration (mg/mL).

2.5 Fourier transform infrared (FTIR) spectroscopy analysis

Samples were lyophilized and 2 mg aliquots mixed with 200 mg
KBr by grinding for 1 min at room temperature in a dry
environment to produce transparent flakes which were scanned by
FTIR spectrometry under the following conditions: range of
scanning wave number: 400-4 000 cm™, resolution: 4 cm™, number
of scans: 64 with baseline correction, smoothing, Fourier
self-deconvolution, peak fitting (Gaussian formula with half-peak
width of 1.5 nm) performed by OMINC software. Relative content
of secondary structure was calculated from the peak area of the
fitted peaks and Origin 8 software used for plotting.

2.6 Determination of particle size and zeta potential

Samples were diluted with distilled water to give a final protein
concentration of 0.3 to 0.6 mg/mL. Mean particle size and zeta
potential were determined using a nano-laser particle size meter.
Measurements were made in triplicate.
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2.7 Microstructure observation

Scanning electron microscope (SEM) analysis was performed by
diluting samples (1:6) with deionized water, placing 100-200 pL on
coverslips and freezing in liquid nitrogen before gold spraying in a
vacuum coating device™. Samples were observed under a SEM
(GeminiSEM 560, Japan) at a resolution of 20 pm with
magnification 500 x.

2.8 Endogenous fluorescence determination

Samples were diluted to 0.1 mg protein/mL with 0.01 mol/mL
phosphate buffer (pH 7.0). The excitation wavelength of the
fluorescence spectrophotometer was set to 283 nm and emission
wavelength was scanned in the 300-500 nm range at a scanning
speed of 300 nm/min. Excitation and emission slit widths were
5 nm. Scans were performed in triplicate at room temperature.

2.9 Determination of surface hydrophobicity

Samples were diluted to give final protein concentrations of 0.1, 0.2,
04, 0.6, 0.8 and 1.0 mg/mL with 0.01 mol/mL phosphate buffer
(pH 7.0). First, 20 uL ANS solution (8 mol/mL) was added with
mixing and incubation for 3 min at room temperature in the dark.
Samples were scanned in the 300-500 nm range with an excitation
wavelength of 283 nm and a scanning speed of 300 nm/min.
Excitation and emission slit widths were 5 nm and samples were
scanned in triplicate. Protein concentration was plotted against
fluorescence intensity to give a gradient which represents the
protein’s surface hydrophobicity index (S,).

210 Proteomic analysis

Protein extraction: frozen sample powder was added to 4 volumes
of lysis buffer (containing 8 mol/L urea, and 1% protease inhibitor)
and lysed by ultrasonic waves, centrifuged at 12 000 x g, 4 °C, for
10 min and protein concentration of the supernatant determined
using BCA kit.

Trypsin digestion: equal amounts of sample protein were
suspended in equal volumes of lysis solution and 20 g/100 mL TCA
added slowly with mixing and incubation for 2 h at 4 °C to allow
precipitation. Samples were centrifuged at 4 500 x g for 5 min, the
supernatant discarded and the precipitate washed 2-3 times with
pre-chilled acetone. The precipitate was dried, 200 mmol/L final
concentration of triethanolamine buffered saline added and
sonication performed. Trypsin was added in a ratio of 1:50
(protease: protein, m/m) and allowed to digest overnight. 5 mmol/L
dithiothreitol was added and incubated for 30 min at 56 °C before
addition of 11 mmol/L iodoacetamide with incubation for 15 min
at room temperature in the dark.

Liquid chromatography-mass spectrometry analysis: peptides
were dissolved in liquid chromatography mobile phase A (0.1%
formic acid and 2% acetonitrile in water) and separated using an
EASY-nLC 1200 ultra-performance liquid chromatography system.
Mobile phase B was 0.1% formic acid and 90% acetonitrile in water.
Liquid phase gradient settings were: 0-26 min, 9%-25% B;
26-34 min, 25%-35% B; 34-37 min, 35%-80% B; 37-40 min,
80% B with flow rate of 500 nL/min. Separated peptides were
injected into the NanoSpray ionization source and then into the
Orbitrap Exploris™ 480 mass spectrometer for analysis of peptide
parent ions and their secondary fragments. Ion source voltage was
2.2 kV, and FAIMS compensation voltage (CV) was -45 and

SCi.pen | https:/Avww.sciopen.com/journal/2958-4124

-70 V. Primary mass spectrometry scan range was 400-1 500 m/z
and scan resolution was 60 000; secondary mass spectrometry scan
range was 100 m/z and secondary scan resolution was 15 000 with
TurboTMT off. A data-dependent scanning program was used to
identify the top 20 peptide ions with the highest signal intensities
after the primary scan. Peptide parent ions were sequentially
entered into the high energy collision dissociation collision cell
using 28% fragmentation energy for fragmentation and the same
sequential secondary mass spectrometry performed. Automatic
gain control was 5 x 10, signal threshold was 2 x 10* ions/s,
maximum injection time was 100 ms and dynamic exclusion time
of the tandem mass spectrometry scan was 30 s to avoid repeated
scanning of parent ions™.

2.11 Statistical analyses

SPSS 25.0 software was used to perform an independent sample
Tukey’s test. A value of P < 0.05 was considered to indicate a
significant difference and other data are presented as mean +
standard deviation (SD). OriginPro 2012 software was used for
plotting.

3 Results

3.1 Oxidative index

Carbonyl derivative content indicates the extent of protein
oxidation"™ and content compared to the control. Carbonyl content
increases with temperature during the heating process (Figure 1A).
Sulthydryl groups may be free on the protein’s surface or
encapsulated within the protein™. Free sulthydryl group content
increased gradually with rise in temperature but the content at 65
and 90 °C was lower than that of the control group and higher in
the 120 °C group (Figure 1B). Total sulthydryl group content after
all heat treatments, being more pronounced for the 65 °C samples
(P < 0.05) and a smaller decrease for the 90 and 120 °C samples.
Decreased sulthydryl group content is an indication of protein
oxidation, which is intensified at higher temperatures (Figures 1B
and C). Disulfide bond content was similar in 65 and 120 °C
samples and both were significantly lower than controls (P < 0.05)
(Figure 1D).

3.2 FTIR spectrum

FTIR spectrum may be used to indicate changes of the secondary
structure during protein oxidation™. Yak milk proteins have
absorption bands in the infrared region in the range of 1 600-1 700 cm™,
due to a-helix and f-sheet. A higher followed by a lower peak
change can be seen for the yak milk protein FTIR spectra with
increasing temperature (Figure 2A).

B-Sheet relative content decreased and then increased for the
65 and 90 °C groups and significantly increased for the 120 °C
group (Figure 2B). Random coil relative content increased from
65 to 90 °C. No significant trend could be seen for a-helix relative
content. 65 °C treatment decreased, 90 °C increased and 120 °C
abolished a-helix relative content. S-Turn tended to increase and
then decrease with increasing temperature, producing an increase at
65 °C and a decrease at 90 and 120 °C compared with controls. An
orderly to disorderly transformation was achieved during heat
treatment.

https://doi.org/10.26599/FSAP.2024.9240056
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Figure2 Changes of (A) FTIR spectra and (B) secondary structure of yak milk protein. Superscript letters indicate significant differences by Tukey’s test and one-way

ANOVA (P<0.05).

3.3 Particle size and zeta potential

Mean particle size is a reflection of the aggregation of soluble
proteins”” and did not change significantly at 65 and 90 °C
compared to controls but showed a significant increase at 120 °C
(P < 0.05, Figure 3A). Zeta potential refers to the electric potential
of the colloidal dispersion, a higher absolute value indicating greater
stability of myogenic fibrin"). Absolute potential decreased
gradually so that no significant changes were seen at 65 and 90 °C
but decreased at 120 °C (P < 0.05) compared with controls (Figure
3B).

3.4 Surface microstructure

Changes to surface microstructure may be seen by SEM. Controls
had flat and compact proteins but sieve-like holes and fractures
were apparent at 65 °C and changes in curling, spiraling, folding
and stacking at 120 °C (Figure 4).

https://doi.org/10.26599/FSAP.2024.9240056

3.5 Endogenous fluorescence and surface hydrophobicity

Endogenous fluorescence intensity decreased, at all temperatures
and was most pronounced at 120 °C (Figure 5A). Structural and
functional changes to proteins emphasize the roles of superficial
hydrophobic interaction changes™"'. Hydrophobicity decreased at
all temperatures (P < 0.05) producing a similar effect at 65 and
90 °C and being most significant at 120 °C (Figure 5B).

3.6 Proteomics analysis

3.6.1 Protein identification and quantification

Total spectra numbered 567 057 of which 66 370 were effective.
Totally, 4 235 peptides were identified, of which 4 116 were unique,
1 230 proteins were resolved by specific peptide and 1 112 were
quantified by specific peptide (Figure 6A). Most peptides consisted
of 7-20 amino acids, in accordance with the general pattern of
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enzymatic cleavage and mass spectrometry-based fragmentation
(Figure 6B). The distribution of peptide lengths was within quality
control limits (Figure 6E) and most proteins corresponded to more
than 2 peptides. Molecular weights of the proteins identified were
present in different phases and evenly distributed and were
concentrated in the 10-70 kDa range (Figure 6F). Reproducibility
of these results was tested by Pearson’s correlation coefficient and
relative standard deviation (RSD) (Figures 6C and D).

Sci@pen | https:/mww.sciopen.comijournal/2958-4124

3.6.2 Screening of differential proteins

Functional variability was assessed in addition to the quantitative
analysis (Figure 7A). After 120 °C, 327 proteins had reduced and
308 increased function. Sixty-two proteins had increased and 49
reduced function after 65 °C treatment and 31 had increased and 37
decreased function after 90 °C treatment. Volcano plots are shown
in Figures 7B-D.
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Figure7 (Continued)

3.6.3 Classification of protein function changes

Gene ontology (GO) and clusters of orthologous groups of
proteins/eukaryotic orthologous groups (COG/KOG) functional
classification analyses of altered proteins were performed. GO
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analysis of biological process, cellular component and molecular
function revealed that protein changes for all 3 groups were
concentrated in cellular process, biological regulation and response
to stimulus functions (Figure 8).
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3.64 Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment pathway analysis

KEGG pathway analysis showed that changes impacted protein
digestion and absorption. Four pathways were upregulated after
65 °C treatment, including oxidative phosphorylation and
Hedgehog signaling and 7 were downregulated, including systemic
lupus erythematosus (SLE) and prion disease (Figure 9). Treatment
at 90 °C increased 5 pathways such as transcriptional misregulation
in cancer, gastric cancer, arrhythmogenic right ventricular

cardiomyopathy, and reduced 4 pathways, such as

[T] Signal transduction mechanisms
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[Z]Cytoskeleton

[W] Extracellular structures

[V] Defense mechanisms

[M] Cell wall/membrane/envelope biogenesis

[D] Cell cycle control, cell division, chromosome partitioning
[Y] Nuclear structure

[N] Cell motility

0 25 50 75
Number of proteins

glycosaminoglycan degradation, epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor resistance; moreover, PI3K-Akt
signaling pathway, extracellular matrix (ECM)-receptor interaction,
small cell lung cancer pathway was reduced or increased to varying
degrees. 120 °C treatment upregulated 11 disease-related pathways,
such as glycolysis/gluconeogenesis, transcriptional misregulation in
cancer, primary immunodeficiency and so on, and downregulated
33 pathway, such as down-regulate oxidative phosphorylation,

insulin signaling pathway and so on.
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4 Discussion

Accumulation of oxidized proteins has been associated with
chronic disease progression’, an observation that has implications
for heat treatment of yak milk. The current study relates the degree
of oxidation to heat treatment temperature. Carbonyl content
increased with increasing temperature; total and free sulthydryl
groups change, with potential adverse effects, such as taste changes,
skin mucous membrane damage and immune complex membrane
glomerulopathy caused by proteinuria and aspergillosis™’. Changes
in sulthydryl groups reflect the may occurrence of oxidation
reactions. Disulfide bonds are associated with protein higher
structure and activity"”. Disulfide bond content decreased after heat
treatment which may cause higher structural changes, reducing
biological activity. Endogenous fluorescence spectra indicated
changes to the non-polarity of the microenvironment of tryptophan
residues due to the formation of aggregates” and decreased
endogenous fluorescence indicated changes to protein structure'’.
The occurrence of aggregation was shown by increased particle size
after 120 °C treatment"”. Higher temperatures may increase the
degree of oxidation and promote the formation of insoluble
fractions, leading to aggregation and reduced functional properties,
such as water-holding™’. Decreased absolute values of zeta potential
at 120 °C may indicate a cohesive, aggregated state of proteins with
reduced stability™. Hydrophobicity also decreased with increasing
temperature, perhaps due to oxidation reactions causing the
exposure of aromatic and aliphatic side chains to the polar
environment. Insoluble aggregates formed through hydrophobic
interactions lead to decreased surface hydrophobicity"! and
increased particle size. Increased surface hydrophobicity is known
to strengthen and potentiate binding between proteins'”. Decreased
hydrophobicity found during the present study may lead to
functional changes. Surface microstructural changes were also
observed to increase with increasing temperature by SEM. FTIR
results showed secondary structural alterations to proteins during
heat treatment, and together with the microstructural changes,
indicate that proteins were damaged with potential impact on
function. The stability of protein secondary structure is strongly
influenced by temperature, and high temperatures can lead to
structural denaturation and inactivation of proteins. The reason for
the decrease and then increase in the content of different secondary
structures is not clear.

Proteomic analysis revealed that 327 proteins were increased and
308 decreased by 120 °C, 62 were increased and 49 decreased at
65 °C and 31 increased and 37 decreased at 90 °C. Biological
processes, cellular components and molecular functions were all
affected.

Oxidative damage usually impairs protein function. The current
study found that at 65 °C achieved better preservation of the
nutritional value of yak milk, such as the ability to increase the
F-type H*-ATPase during oxidative phosphonate transporting, the
ability to accelerate body metabolism™ and the ability to inhibit
complement (C5) activation. C5 forms a periplasmic attack
complex (C5b-9) or produces allergenic toxins in SLE and the
cellular activator, Cb5a, causes tissue damage that attracts
neutrophils and macrophages by releasing oxidants and
proteases™. At 90 °C produces a bidirectional effect on
ECM-receptor interactions. The ECM consists of a complex
mixture of structural and functional macromolecules with roles in
tissue and organ morphogenesis. Integrins and proteoglycans, such
as CD36, allow control of cellular activities, such as adhesion,

SCi.pen | https:/Avww.sciopen.com/journal/2958-4124
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migration, differentiation, proliferation and apoptosis™™. Such
interactions may suppress the action of dystroglycan, reducing risk
of viral myocarditis and hypertrophic right ventricular
cardiomyopathy and hypertrophic cardiomyopathy. Protein
function was severely reduced after at 120 °C and proteins with
roles in transcriptional misregulation in cancer, proteoglycans in
cancer, asthma, SLE, rheumatoid arthritis, primary
immunodeficiency, dilated cardiomyopathy and other pathways
were upregulated. Proteins involved in proteasome, Ras signaling
pathway, cAMP signaling pathway, oocyte meiosis, endocytosis,
AMPK signaling pathway, adrenergic signaling in cardiomyocytes,
TGF-B signaling pathway, axon regeneration and tight junctions
were all down-regulated. While using proteomics for predicting
protein function, proteins are first digested in the gastrointestinal
tract and it is a question to ponder whether these changes will also
make a difference in the digest.

5 Conclusion

Protein functional changes are related to structural changes caused
by heat treatment. Oxidation of yak milk proteins with increasing
temperature of results in structural and functional changes.
Sixty-two proteins decreased and 49 increased at 65 °C, 31
decreased and 37 increased 90 °C and 327 decreased and 308
increased at 120 °C. Biological processes, cellular components and
molecular functions were all affected. Higher temperatures led to
more severe disruption of protein function with 4 pathways
upregulated and 7 downregulated at 65 °C, 5 upregulated and 4
downregulated at 90 °C and 11 upregulated and 33 downregulated
at 120 °C. At 65 °C, oxidative phosphorylation and Hedgehog
signaling were upregulated and SLE and prion disease
downregulated. At 90 °C, transcriptional misregulation in cancer,
gastric cancer and  arrhythmogenic  right  ventricular
cardiomyopathy ~were upregulated and glycosaminoglycan
degradation and EGFR tyrosine kinase inhibitor resistance
downregulated. PI3K-Akt signaling pathway, ECM-receptor
interaction and small cell lung cancer pathways were either reduced
or increased. At 120 °C, glycolysis/gluconeogenesis, transcriptional
misregulation in cancer and primary immunodeficiency were
upregulated and oxidative phosphorylation, insulin signaling
pathway, parathyroid hormone synthesis, Ras signaling pathway
and cAMP signaling pathway downregulated. Lower temperature
treatments achieve better preservation of function for yak milk
proteins and conserve the nutritional value. Treatment of yak milk
at too high temperature may cause excessive oxidation, reducing
nutritional value and having health implications.
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