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ABSTRACT

Colostrum protein, an essential source of dietary nutrients, could improve new-born
animals’ immunity, and play a vital role in mammals’ early development. In order to
explore the milk yield and colostrum whey protein composition of Tibetan sheep, 120
Tibetan sheep were arbitrarily separated into categories, namely treatment groups
(A, B, C) and control group (D). Compositional and functional differences in milk
yield and colostrum whey protein composition among different dietary proteins were
compared using proteomics methods. The results showed that sheep with 14% protein
level diet group (group B) had the least bodyweight loss and higher milk yield during
lactation compared to the other groups. Fifty differentially expressed proteins (DEPs)
were recognized using iTRAQ, these DEPs were analyzed based on cluster, GO, KEGG
and PPIs analysis. GO-BP involved were Protein transmembrane transport, Protein
regulation metabolic process, Biological regulation, Regulation of biological process,
and Response to stimulus. Meantime, DEPs participated in many KEGG pathways,
including Fatty acid metabolism, Glycerophospholipid metabolism, Protein digestion
and absorption, Ras signaling pathway and Cell adhesion molecules. The treatment
groups showed increase in the abundance of regulation metabolic process (especially
protein metabolism and fatty acid metabolism), along with decrease in stress reaction
process. Lactoferrin, Alpha-S2-casein, Superoxide dismutase [Cu-Zn], Alpha-s1-casein,
Alpha globin and Lactoperoxidase appeared in the center of the PPi network intersection.
Interestingly, 14% protein group (group B) had exhibited the greatest variability between
biological relevance in milk composition and function, these results could increase the
understanding of different dietary protein on colostrum whey protein composition of
Tibetan sheep, which could provide important information and potential directions for
the infant milk powder and functional food industries.
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through developing protein-diet supplementary system
during cold season.

INTRODUCTION

Tibetan sheep grazed grassland all year round with

traditional grazing management, and the herbage and
nutrients were often insufficient to maintain the normal
physiological function in cold season, which would result
low ewe lactation and high lamb mortality 2. The study
showed that dietary proteins have many nutritional and
biological functions, and dietary protein bioavailability
directly affects animal production performance **.. There
are positive effects of dietary protein on sheep productivity
and reproductive performance, which could reduce body
weight-loss and feeding costs, and increase economic
efficiency ©°l. Therefore, there is a big potential to improve
sheep lactation performance and milk composition

Protein is the basic material of mammal living activities;
dietary protein level is the limiting nutrient element that
affects the sheep milk yield and lactoprotein ©. When
varying the quantitative of protein-diet supplementation
in the diet, milk compositions in ruminants may fluctuate
due to a change in nutritional intake ). Many studies
reviewed that the protein-diet supplementation in the
diet exhibited prominent effect on the sheep milk yield,
especially in the early stages of lactation "*l. Moreover,
the appropriate dietary crude protein level in the later
period of pregnancy and lactation could improve milk
yield and lactoprotein content . Once there is a lack
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of dietary protein, the dry matter intake of sheep could
decrease, which results in a decrease in milk yield.
Meanwhile, the high dietary protein, which exceeded the
needs of maintenance and lactation, would also have a
negative impact in milk yield and milk composition 1!,
Therefore, the regulation of dietary protein nutrition
was an important link in the production of sheep during
lactation.

The conversion of protein in feed into available nutrients
is very important for mammalian production traits, and
the nitrogen deposition of high protein diet is significantly
greater than that in low protein diet, which led to
increase of protein deposition, promote the growth and
development, and improve animal final body weight and
ADG with the increase of dietary protein >3 However,
protein utilization rate in ruminants is usually lower than
that of monogastric animals. A large proportion of dietary
protein is not effectively utilized by ruminants, and the
unutilized nitrogen is expelled through metabolic process,
which could result in environmental nitrogen pollution 1.
In the present study, we measured and analyzed Tibetan
sheep milk yield and colostrum composition with
different protein-diet supplementary, the change rule
and biological significance of dietary protein level on
milk proteome difference, which provided basic data for
Tibetan sheep feeding and development of feed products.

MATERIAL AND METHODS
Ethics Statement

Animal experiment was approved by the Institutional
Animal Care and Use Committee (State Key Laboratory
of Plateau Ecology and Agriculture, Qinghai University)
(QHDX-19-10-07-06).

Study Site

The study was done at Tibetan Autonomous Prefecture of
Hainan, Qinghai Province of China, situated at south of
Qinghai-Tibetan Plateau. This area is over 3200 m above
the sea level and has a dry cold climate. The experimental
Tibetan sheep were feed in standardization shed, and
processed according to experimental design ",

Animals and Diets

One hundred-twenty Tibetan ewes (single lamb trait) were
selected, which were the same body weight (43.39+2.20
kg) and age (3-4 years old, 2™ birth orders). Before this
study, individuals grazed only natural pasture and were not
offered supplements. The experiment lasted 75 days from
December, 2017 to March, 2018 (15 days before parturition
was an adjustment period and the following 60 days was
for sample collection period). Different levels of dietary
protein supplements were provided for the Tibetan sheep,
which were grazed on the natural grassland until the end

of the experiment. All ewes were allotted randomly into
four groups. Group A, B and C were fed 12%, 14% and
16% dietary protein, respectively (Treatment Group, A, B
and C). Group D was fed no supplement (Control Group,
CON). The dietary formula and nutritional components
were showed in Table 1. The experimental diets were
formulated according to the nutrient requirements of an
ewe weighing 40 kg (NRC 2007 and Standards for Feeding
Sheep of China NYT816-2004). Diets were composed
of the most popular feed resources in Qinghai-Tibetan
plateau as feeding standard, 1.8 kg (dry matter) per
individual and day of a total mixed ration. The nutrient
composition of mixed-feed was analyzed or tested by ‘Feed
Analysis and Quality Test Technology’. 161,

Measurement of Samples

The ewes were weighed at day 1 and 60 of lactation period
by using platform scale before feeding in the morning.

The ewes were milked twice daily at 08:00 and 18:00
via a milking machine, daily individual milk yield was
recorded and then kept at the dairy laboratory of Key of

Table 1. Ingredients and chemical composition of the experimental diets (DM)
Items Proportion (%)

Ingredients A B C D
Corn 52.00 47.00 41.50

Soybean meal 2.00 6.50 13.00

Cottonseed meal 3.00 5.00 5.00

Bran 1.50 1.00 0.50

Rapeseed meal 7.00 5.80 5.00

Oaten Hay 10.00 10.00 10.00

Ensiling Corn 20.00 20.00 20.00

Limestone 0.50 0.70 1.00

Premix’ 4.00 4.00 4.00

Total 100.00 100.00 100.00

Nutrient Content

DM 72.47 72.48 72.40 94.51
C 12.23 14.12 16.13 5.33
DE (MJ/Kg) * 12.13 12.11 12.09 4.12
1208 2.93 2.81 2.71 2.69
ADF 12.83 13.26 13.54 42.17
NDF 23.53 23.79 23.79 60.23
Ca 0.35 0.43 0.55 3.77
P 0.34 0.36 0.37 0.03

! The premix provided the following per kg of dietary: Vit. A: 12.000 IU, Vit. D: 2000
IU, Vit. E: 30 IU, Cu: 12 mg, Fe: 64 mg, Mn: 56 mg, Zn: 60 mg, I: 1.2 mg, Se: 0.4 mg,
Co: 0.4 mg

2 Digestible Energy (DE) was the calculated value, and others were the measured
values
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Laboratory of Plateau Ecology and Agriculture (Qinghai
University).

Individual milk samples from 08:00 and 18:00 were
collected at lactation period (1d, 3d, 5d, 10d, 15d, 20d,
25d, 28d, 30d, 33d, 35d, 40d, 45d, 50d, 55d and 60d)
and collected 5 repeats of each milk sample. All the milk
samples were carried to the laboratory and processed in
order to assess the normal composition of nutrition, such
as fat, skim solids, lactose, protein and milk density, by
using milk composition measuring instrument (MT-100,
China). The colostrum (1-10 day postpartum) samples
were centrifuged at 4000 r/min for 20 min at 4°C. Fat
fractions of the milk samples were carefully removed.
The skim milk samples were centrifuged at 12000 r/min
for 60 min at 4°C to detect the protein concentration by
Bradford method.

The whey was collected to determine the milk proteome
difference of the 4 groups by iTRAQ technology (Isobaric
Tags for Relative and Absolute Quantification), and
whey proteomic analysis was outsourced to Shanghai
Majorbio Bio-pharm Technology (SMBPT) Co., Ltd
(China, Shanghai). Protein digestion was performed
according to the filter-aided sample preparation (FASP)
procedure, described by Wisniewski, and the resulting
peptide mixture was labeled using the 4-plex iTRAQ
reagent (AB SCIEX, Foster City, CA, USA), according to
the manufacturer’s instructions. A total of 30-ug peptide
mixture was labeled with iTRAQ reagents according to the
manufacturer instructions (Applied Biosystems, USA).
Group 1 samples were labeled with reagent 114, group 2
with reagent 115, group 3 with reagent 116, and group 4
with reagent 117. The labeling reaction was performed by
1-h incubation at room temperature. The iTRAQ-labeled
peptides were fractionated by SCX chromatography using
the AKTA Purifier system (GE Healthcare, Fairfield, CT,
USA). Experiments were performed on a Q Exactive
mass spectrometer that was coupled to an Easy nLC
(ThermoFisher Scientific, Waltham, MA, USA). The
MS/MSspectra were searched using the MASCOT
search engine (Matrix Science, London, UK; version
2.2) embedded into Proteome Discoverer 1.4 (Thermo
Electron, San Jose, CA, USA) against the uniport database
(91,245 sequences, download at 20171210) and decoy
database. Differentially expressed proteins (DEPs) were
based on standards of a 1.2-fold change in abundance
(ratio =1.20 or <0.833) and P<0.05.

Statistical Analysis

Bioinformatics was analyzed via R language toolkit ['7.
Functional annotation and classification of all identified
proteins were determined using the Blast2GO and
InterProScan program against the Uniprot database
(uniprotsheep 515149.fasta). Pathway analyses were

extracted using the search pathway tool of the KEGG
mapper platform (http://www.genome.jp/kegg/) and BLAST
program. Pathway enrichment statistics were conducted
by the Fisher’s exact test, and the pathways with a corrected
P<0.05 were defined as the most significant pathways. The
STRING program (http://string-db.org/) for the retrieval
of interacting genes/proteins database for the prediction
of the physical and functional interactions was used to
analyze the PPIs. The graphical visualization and analysis
of the interaction network were performed in Cytoscape
software.

The data were expressed as mean + standard deviation
(SD). Duncan’s post hoc test was used to determine any
significant differences among 4 groups. Differences were
considered significant at P<0.05 and extremely significant
at P<0.1.

RESULTS
Body Weight Changes During Lactation Period

The initial body weights, final weights and live weight gain
of Tibetan ewes during lactation period in different dietary
protein level were presented in Table 2. The data indicated
that the live weight gain was positive increase in treatment
groups and a decrease in control group during lactation
period. The final weights can be significantly increased in
treatment groups than in control group (P<0.05). As far
as treatment groups were concerned, the effect of group
B and C were significantly better than group A in live
weight gain (P<0.05). There was no significant difference
between group B and group C (P>0.05), while the 14%
protein group (group B) had more obvious effect in live
weight gain.

Milk Yield and Lactation Regularity

The results of milk yield and lactation regularity
were summarized in Fig. 1 and Table 3. The present
results showed that administered dietary protein levels
significantly affect milk yield. Maximum milk yield (30d)
and average milk yield of various stages (10d, 0-60d, 0-10d,
10-30d and 30-60d) of Tibetan ewes during lactation
period were significantly higher in treatment groups
than those of control group (P<0.05). The milk yield of
14% protein level diet was significantly higher than 12%
and 16% protein level diet during whole lactation period
(P<0.05). All of the groups had same lactation regularity,
the milk yield showed a downward trend from 0 to 10
days, then showed a rising trend from 10d to 30d, and
milk yield reached highest point on the 30d, and then
showed a downward trend from 30 to 60 days. And 14%
protein level diet group (group B) was greater milk yield
than other groups during the whole lactation period
(P<0.05). The results of milk composition analyses at the
0-10d were summarized in Table 4. Compared to control
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Table 2. The body weight changes of Tibetan ewes in different dietary protein levels
Groups N Initial Weight (kg) Final Weight (kg) Live Weight Gain (kg)
A 30 43.53+0.96 49.88+0.85° 6.35+0.45°
B 30 43.62+1.15 54.10+£1.07* 10.48+0.69*
C 30 44.39+1.20 53.40+1.11* 9.01£1.03°
D 30 44.18+1.08 42.86+1.94¢ -1.32+0.57¢
! Group A was fed the 12% dietary protein level group, Group B was fed the 14% dietary protein level group, Group C was fed
the 16% dietary protein level group, Group D was the control group
2 The initial weight was measured on December 31, 2017, the final weight was measured on March 1, 2018

Lactation Regularity

05

od 3d 5d 104 15 20d 250 284 30d 33d 350 40d 450 50d 550 6Od

-~ A -8B —-C - D

Table 4. The 0-10d milk composition of Tibetan ewes in different dietary
protein levels (%)

Groups Fat Ss(l:llll; Lactose Protein | Density
A 4.414 11.212 6.737° 4.762 33.842
B 4.466 11.606 6.626° 4.974 33.773
© 4.382 11.131 6.483a 4.922 33.847
D 4.406 11.396 5.039 4.836 33.258

! Group A was fed the 12% dietary protein level group, Group B was fed the 14%
dietary protein level group, Group C was fed the 16% dietary protein level group,
Group D was the control group

Fig 1. The lactation regularity of Tibetan ewes in different dietary protein
levels

Table 3. The milk yield of Tibetan ewes in different dietary protein levels
(kg)

Groups | Average 10d 30d 0-10d | 10-30d | 30-60d
A 1.302° 1.202* 1.525° 1.348* 1.367° 1.23°
B 1.509* 0.772° 2.125* 1.328* 1.72* 1.461*
© 1.318° 0.769° 1.675° 1.433* 1.412° 1.184°
D 0.793¢ 0.502°¢ 1.025¢ 0.823° 0.901°¢ 0.699¢

! Group A was fed the 12% dietary protein level group, Group B was fed the 14% dietary
protein level group, Group C was fed the 16% dietary protein level group, Group D was
the control group

group, the increases in lactose of treatment groups were
significantly (P<0.05). No significant difference existed in
the proportions of milk fat, skim solids, protein and milk
density at any time point (P>0.05).

Changes in Proteome Profiles During Different
Dietary Protein Levels

Three hundred and forty six non-redundant proteins
with Owvis aries database were successfully identified via
Mascot and iTRAQ method. Then we applied a manual
thresholding approach and a probabilistic prediction
algorithm, yielding 310 high-confidence candidates. A
total of 50 differentially expressed proteins in different
groups using 1.2-fold and a P-value <0.05 of differentially
expressed protein were identified from the 310 proteins.
The expression levels of 37 proteins were up-regulated in
samples in treatment groups and 13 were down-regulated
(Fig. 2). Interestingly, 14% protein group showed the
highest up-regulated/down-regulated trends in up-
regulated proteins and down-regulated proteins.

Sheep milk differentially expression proteins were directly
subjected to hierarchical clustering by Cluster 3.0 software,

D.Vs. A

Log,o P value
~Logio P value

D.Vs.B

Logyq P value

Log. Fold Change Log: Fold Change

Log, Fold Change

Fig 2. Differentially expressed proteins, including 3 replicates with Tibetan sheep colostrum whey during
treatment groups (A, B, C) and control group (D). The image presents the relative abundance of proteins
using different colors, where deeper red represents higher intensity and blue represents lower intensity
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Fig 3. Differentially Expressed Proteins (DEPs) Cluster Evaluation. Down
was the DEPs of treatment group were less than control group; Up was
the DEPs of treatment group were more than control group; None was
the DEPs of treatment group were no significant differences than control

group

which yielded a pattern consisting of two major sample
clusters. The sheep milk of treatment groups shared
similar proteomic patterns and 14% protein dietary level
and 16% protein dietary level milk comprised one sub
cluster and 12% protein dietary level milk joined this
group to constitute another sub cluster. The sheep milk
of control group was comprised of another sub cluster
(Fig. 3). Although the sheep milk of treatment groups

was the same differentially expression proteins patterns,
hierarchical clustering analysis revealed differences
in sheep milk of different protein level dietary. These
differentially expression proteins are clearly presented in
the hierarchical clustering map via view tree software.

We further performed biological function process and
signaling pathways to investigate the function of these
differentially expression proteins. BLAST2GO software
and KAAS database were used to participate the 30
biological function process (GO-BP) and 20 signaling
pathway of 50 differentially expression proteins (Fig. 4, Fig.
5). The top 5 biological process categories were: Protein
transmembrane transport (21.0%), Protein regulation
metabolic process (15.6%), Biological regulation (9.1%),
Regulation of biological process (6.9%), and Response
to stimulus (6.4%). And top 5 pathways categories were:
Fatty acid metabolism (P=0.06), Glycerophospholipid
metabolism (P=0.10), Protein digestion and absorption
(P=0.13), Ras signaling pathway (P=0.14) and Cell
adhesion molecules (P=0.18). The treatment groups showed
increase in the abundance of regulation metabolic process
(especially protein metabolism and fatty acid metabolism),
along with decrease in stress reaction process.

The protein-protein interaction network was produced for
the 50 differentially expressed proteins via the database
at www.string-db.org (Fig. 6). As expected, the target
proteins constituted a complex and strong PPi network,
and those results of this analysis identified that Lactoferrin,
Alpha-S2-casein, Superoxide dismutase [Cu-Zn], Alpha-
sl-casein, Alpha globin and Lactoperoxidase appeared
in the center of the PPi network intersection indicating
their important role in the protein interactions. Hence,
DEPs could be vital for function and physiological
operation in addition to the protein composition of the
Tibetan sheep colostrum whey. Interestingly, to provide
further insights into the biological processes identified
by this approach, we took Fishers’ test (Significance A/B
Test) for target proteins, those sixproteins from our results
were not only at the center of the functional network
intersection, but also exhibited the greatest variability
between biological relevance in milk composition.

To elucidate the correspondence between the transcript
level of mRNA and abundance of protein species,
transcriptional analysis of 6 differentially expression
protein were performed by qPCR (Fig. 7). The transcript
levels of four genes displayed the same trend with the
abundance of the corresponding protein species, such
as Lactoferrin, Superoxide dismutase [Cu-Zn], Alpha
globin and Lactoperoxidase. In contrast, the expression
level of two genes (Alpha-S2-casein and Alpha-sl-
casein) showed the opposite trend with the abundance
of their corresponding protein species. The discrepancy
between the transcription level of the two genes and the
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Statistics of Pathway Enrichment

Fatty acid metabolism | KEGG PATHWAY [ ]

Glycerophospholipid metabolism | KEGG PATHWAY

Protein digestion and absorption | KEGG PATHWAY

Ras signaling pathway | KEGG PATHWAY

Cell adhesion molecules | KEGG PATHWAY @

Ubiquinone and other terpencid-quinane biosynthesis | KEGG PATHWAY
Fructose and mannose metabolism | KEGG PATHWAY ®

Citrate cycle (TCA cycle) | KEGG PATHWAY

beta-Lactam resistance | KEGG PATHWAY
Pertussis | KEGG PATHWAY

Butanoate metabolism | KEGG PATHWAY

C5-Branched dibasic acid metabolism | KEGG PATHWAY
Bacterial chemotaxis | KEGG PATHWAY

Nitragen metabolism | KEGG PATHWAY

Oxidative phosphorylation | KEGG PATHWAY [ ]

Term

Pentoss phosphate pathway | KEGG PATHWAY )
Drug metabolism - ather enzymes | KEGG PATHWAY
Photosynthesis | KEGG PATHWAY
Type | diabetes melitus | KEGG PATHWAY
Streptomycin biosynthesis | KEGG PATHWAY
Insulin signaling pathway | KEGG PATHWAY
Lysine degradation | KEGG PATHWAY

Aming sugar and nucleotide sugar metabolism | KEGG PATHWAY [ ]
Bacterial secretion system | KEGG PATHWAY .
Carbon fixation in photosynthelic organisms | KEGG PATHWAY

Homologous recombination | KEGG PATHWAY

Methane metabolism | KEGG PATHWAY
Pyrimidine metabolism | KEGG PATHWAY

Purine metabolism | KEGG PATHWAY
Glycerolipid metabolism | KEGG PATHWAY ®

pValue
0.4
03
. 02
L%

GeneNumber
® w0
® 20
. @
L] @
. @

Rich Factor

Fig 5. Differentially Expressed Proteins (DEPs) KEGG Enrichment Evaluation

abundance of the corresponding protein species probably
resulted from various posttranslational modifications
under different dietary protein level stress, such as protein
phosphorylation and glycosylation.

Di1sCcUSSION

Proteins are substances for basis of life and specific
practitioners of life activities "8l Dietary protein was
the limiting nutrient element that affects mammal milk
yield and lactoprotein, and milk protein intake was
the key factor for the survival of newborn lambs 7).
The major challenge for ruminant milk researchers was

the complexity of the milk composition response to
dietary composition .. Some researchers showed that
reducing dietary protein content in a certain range could
improve milk nitrogen efficiency and reduce nitrogen
excretion through feces and urine ?!l. Although milk
composition has been extensively studied in the fields of
proteomics, epigenetics, transcriptomics, and molecular
biology, the mechanisms by which dietary protein
composition affects milk composition still need to be
further elucidated.

Colostrum intake was the key factor for the survival
of newborn mammals, which contained many special
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Fig 6. Differentially Expressed Proteins (DEPs) PPIs Evaluation. The
marked zone was enriched DEPs, the red points were up-regulated DEPs.
and the blue points were down-regulated DEPs

(1B
gows

Fig 7. Effects of different dietary protein levels on the differentially
expressed proteins coding genes in Tibetan sheep colostrum whey during
treatment groups (A, B, C) and control group (D)

function proteins to promote development of gastro-
intestinal tract and improve immunity *?. The milk
nutrients could be obtained in the biosynthesis of
mammary gland epithelial cells by using the raw materials
in the blood 2. Therefore, the various components
of milk derive from the blood, and the nutrients in the
blood were provided by the feed. In present study,
we screened 50 differentially expressed proteins that
demonstrated differential expression in sheep milk with
different protein level dietary using iTRAQ technology,
we found that 6 proteins (Lactoferrin, aSl-casein,
Superoxide dismutase [Cu-Zn], aS2-casein, Alpha globin
and Lactoperoxidase) had exhibited the greatest variability
between biological relevance in milk composition and

warrant further study. Previous studies have demonstrated
that dietary protein levels determine aS1-casein protein
synthesis and are particularly significant in high-protein
diets *!. This coincides with our findings.

NRC estimated the effect of diet protein on milk yield
based on 393 data from 82 experiments showed the
mammal can make better use of protein in low protein diet
condition, but high protein diet had little effect on milk
performance, increased nitrogen excretion, and resulted
in low protein utilization efficiency ["*. The six candidate
target proteins played an important role in improving
Tibetan sheep milk yield and colostrum whey protein
composition in our experiment. Superoxide dismutase
[Cu-Zn], like Alpha globin, was an active substance
derived, which could eliminate harmful substances
produced in the process of metabolism. It could regulate
the body immunity, which is closely related to the early
pregnancy and immune tolerance of mammals. The intake
of colostrum could not only increase the ewes’ content of
immune protein, but also increase the content of lambs’
non-immune protein . Lactoferrin (IF) was a kind of
non heme iron binding glycoprotein with high biological
activity, which was rich in mammalian colostrum 7).
In mammalian body, LF had the functions of balancing
the iron element promoting the growth of intestinal
beneficial bacteria, enhancing the immunity, broad-
spectrum antibacterial and antiviral, regulating body
metabolism, and acting as the activator of cell growth
promoting factor. Meanwhile, it could also be used as
a transcription activator or trans-activator to bind cell
receptor, and participate in mitogen activated protein
kinase/extracellular signal regulated kinase interference
and nuclear factor NK-kB immune response pathway to
promote the maturation of T lymphocytes %%, activate the
activity of natural killer cells, release IL-1 and IL-2 to play
the role of immune regulation !, Casein was the main
protein in sheep milk, which had high nutritional value.
aSl-casein and aS2-casein were the main components
of casein. aSl-casein and aS2-casein were the highly
phosphorylated proteins . After enzymatic hydrolysis
and phosphorylation, they could combine with calcium,
magnesium, iron, zinc and copper to form soluble
phosphopeptides, thus promoting the absorption of
metal ions by the body P*!. The phosphorylated casein
in sheep milk could not only resist the hydrolysis
of various enzymes in the digestive tract, but also form
soluble substances with calcium to prevent calcium from
forming calcium phosphate precipitation 2. Meanwhile,
it could effectively prolong the retention time of calcium
in the body, promote the absorption of mineral elements
in the intestine, promote in vitro fertilization of animals,
enhance immunity and induce apoptosis. lactoglobulin
was a member of the lipid transporter family . The
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milk specific protein synthesized by mammary epithelial
cells was a high-quality protein with the best proportion
of amino acids and high content of branched chain
amino acids Y. For newborn lambs, lactoglobulin had
the function similar to immunoglobulin, and had the
physiological activities such as antibacterial, antiviral,
antioxidant, etc. for example, when vitamin E was
deficient in the body, and the protein could improve
the content of reduced glutathione in the liver, thus
enhancing the antioxidant capacity of cell membrane I,
In our study, 14% protein level supplementary feed could
optimize sheep milk Superoxide dismutase [Cu-Zn], Alpha
globin, LF, aS2-casein, aSl-casein and Lactoglobulin
content, which would be helpful for lamb’s growth and
development. The casein result of qPCR was contrary
to iTRAQ, which might be caused by the inconsistency
of mRNA and protein expression due to the post trans-
criptional phosphorylation of a-casein. Previous studies
have demonstrated that a-caseind expression is regulated
by transcription factors ¢\
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