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Branched-chain amino acids (BCAAs) play a crucial role in regulating nutritional
metabolism in lactating animals. However, limited research has been conducted
on BCAAs in equines. This study aimed to investigate the effects of different doses
of BCAA supplementation on plasma and milk amino acid profiles in Yili mares,
as well as the growth performance of their suckling foals, thereby providing
a scientific basis for optimizing feeding management practices. Eighteen pairs
of Yili mares and their sucklings were randomly assigned to four groups: a
control group (Group D, no BCAA supplementation) and three experimental
groups (S1, S2, and S3, receiving 38 g/day, 76 g/day, and 114 g/day of BCAA
supplementation, respectively). The trial lasted for 67 days. The concentrations of
22 amino acids in plasma and milk were quantified using liquid chromatography-
mass spectrometry (LC-MS), and their correlations with the body height, length,
and weight of the foals were analyzed using SPSS software (one-way analysis of
variance and Pearson correlation test). In mare plasma amino acids, the serine
(Ser) content in group S1 was significantly higher than that in group D (p < 0.05).
Additionally, in group S3, tryptophan (Trp), histidine (His), and aspartic acid (Asp)
contents were markedly elevated. For mare milk amino acids, Ser content in
group S1 was extremely significantly higher than in group D (p < 0.01), while
aspartic acid (Asp) and alanine (Ala) contents were significantly increased in
group S3. Regarding foal growth performance, body weight in group S3 was
significantly greater than in group D. Moreover, group S2 exhibited superior
trends in body height and length growth. Correlation analysis demonstrated that
plasma Ser and creatine (Cr) were positively correlated with mare milk Ser and Cr.
Mare milk threonine (Thr) showed a positive correlation with foal body height and
length. Studies indicate that branched-chain amino acids (BCAA) regulate protein
synthesis and amino acid metabolism via the mTOR pathway. In this experiment,
38 g/d BCAA enhanced mammary gland Ser transport, thereby increasing its
content. Furthermore, 114 g/d BCAA promoted Asp and Ala accumulation, likely
due to enhanced catabolic activity. The positive correlation between mare milk
Thr, His, and skeletal development suggests that BCAA indirectly promotes
growth through milk composition regulation. However, given the small sample
size of this study, long-term validation is necessary.
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1 Introduction

Amino acids, the fundamental building blocks of proteins,
play indispensable roles in governing physiological processes
critical to animal growth, development, and reproductive success.
Recent advancements in maternal amino acid supplementation
strategies have expanded research frontiers in lactation modulation
and offspring vitality enhancement (1-3). Lactating mares face
exceptional metabolic demands to sustain both physiological
homeostasis and milk synthesis, with nutritional status directly
determining mare’s milk compositional quality. Branched-chain
amino acids (BCAA)—leucine (Leu), isoleucine (Ile), and valine
(Val)—constitute a distinctive category of essential amino acids
that have attracted significant research attention for their
regulatory functions in animal nutrient metabolism. Emerging
evidence underscores BCAAs lactogenic potential in livestock
production systems. Hultquist and Casper (4) demonstrated that
Val supplementation enhances milk yield in late-lactation dairy
cattle. At the cellular level, Gao et al. (5) revealed elevated
Tle concentrations in bovine mammary epithelial cells stimulate
sterol regulatory element-binding protein 1 (SREBP1) expression,
thereby promoting lipogenesis. Complementary findings by
Wang (6) identified a positive correlation between graded Leu
supplementation in periparturient sow diets and progressive
increases in milk lipid content. Most of the existing studies on
BCAA in livestock production focus on animals such as cattle
and pigs, and there are few studies on the specific effects of
BCAA on the performance of equine animals. Especially in the
feeding and management of mares during lactation, the effects of
supplemental feeding of BCAA on the content of amino acids in
plasma and milk of mares are still unclear. While existing studies
have focused on the direct association between the high efficiency
of mammary BCAA metabolism and milk component synthesis in
ruminants, research on BCAA metabolism in horses is seriously
lagging behind. This study systematically evaluates dose-dependent
responses of plasma and mare’s milk amino acid profiles to dietary
BCAA supplementation, while establishing correlation matrices
to decipher mammary amino acid utilization patterns (Figure 1).
These findings are anticipated to provide theoretical foundations
for optimizing feeding strategies and enhancing mare’s milk quality
in this economically vital equine population.

2 Materials and methods
2.1 Materials

The experiment utilized branched-chain amino acids (BCAA)
obtained from Xinjiang Lianying Biotechnology Co., LTD.
Following the amino acid requirement study for equine animals
(7), the ratio of Isoleucine (Ile), Leucine (Leu), and Valine (Val) fed

Abbreviations: Gly, Glycine; Ser, Serine; Met, Methionine; Pro, Proline; Leu,
Leucine; Cr, Creatine; Glu, Glutamic; Phe, Phenylalanine; Lys, Lysine; Arg,
Arginine; Trp, Tryptophan; Tyr, Tyrosine; His, Histidine; Val, Valine; Orn,
Ornithine; Ala, Alanine; Tau, Taurine; lIle, Isoleucine; Asp, Aspartic; Thr,

Threonine; gln, glutamine; asn, asparaginate.
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TABLE 1 Nutrient level of concentrate supplements for Yili mares during
lactation (dry matter basis) %.

Feed Content  Nutritional Content
composition level

Maize 46 Dry matter 90.76
Barley 8 Crude protein 14.44
Wheat bran 8 Neutral detergent 61.68

fiber

Rape-seed meal 28 Acid detergent fiber 9.95
Premix™ 10 Calcium (Ca) 0.63
Total 100 Phosphorous (P) 0.35

0 Each kg premix was supplied with 20,000 IU of VA1, 30,000 IU of VD3, 300 mg of VB3,
2,500 mg of VE, 250 mg of Cu, 1,200 mg of Fe, 1,200 mg of Zn, 1,100 mg of Mn, 8 mg of I,
6 mg of Se, and 4 mg of Co.

in the experiment was 1:2:1.2. The resulting mixture appeared as a
white powder after thorough blending.

2.2 Design of experiments

The trial was conducted at Zhaosu Stud Farm in Yili Kazak
Autonomous Prefecture, Xinjiang Uygur Autonomous Region,
from July to September 2023. Eighteen lactating mares (body
weight: 392.90kg + 12.18kg) and their suckling foals were
randomly divided into four groups: a control group (Group D, n =
4) and three treatment groups (S1, S2, S3; n = 5, 5, 4, respectively).
All mares were managed under identical feeding conditions for
67 d (7-d adaptation period and 60-d experimental phase). Each
mare received 2 kg/d of concentrate supplement (composition and
nutritional levels detailed in Table 1). Groups S1, S2, and S3 were
additionally supplemented with 38, 76, and 114 g/d branched-chain
amino acid (BCAA), respectively.

2.3 Feeding management

During the trial, mares and foals were moved daily at 10:00 h
from pasture to the milking parlor. Following foal separation,
mares were guided to individual stalls and supplemented with
branched-chain amino acid (BCAA) at respective doses mixed
into 2 kg of concentrate. Milking was performed every 1.5h (four
times/d). After the final milking session, mares and foals were
returned to pasture for unrestricted grazing.

2.4 Sample collection and determination

2.4.1 Blood samples were collected from mares

On the 60th day of the experiment, mares were fasted for 2h
before blood samples were collected using EDTA anticoagulant.
Specifically, 10 mL of blood was drawn from the jugular vein to
obtain plasma, which was subsequently centrifuged at 3,000 r/min
for 15 min. The resulting supernatant was then transferred to frozen
storage tubes, promptly frozen in liquid nitrogen for 15min, and
finally stored in a refrigerator at —80°C for the analysis of free
amino acid content.
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FIGURE 1
Schematic overview of the experimental design.

2.4.2 Mare milk sample collection

Milk samples were collected on day 60 of the experiment and
manually milked every 1.5h (at 11:00, 12:30, 14:00, and 15:30,
respectively). Subsequently, 25 mL from each of the four milk
samples were combined, with 5 mL aliquoted into frozen tubes for
rapid freezing in liquid nitrogen for 15 min, followed by storage at
—80°C in a refrigerator. The free amino acid content in the milk
was assessed using the identical determination index employed for
plasma free amino acids.

2.4.3 Determination of free amino acid content

The detection was carried out by Beijing Novogene Technology
Co., Ltd. using high performance liquid chromatography
tandem mass spectrometry (LC-MS) for quantitative analysis.
The measured indexes include: Glycine (Gly), Serine (Ser),
Methionine (Met), Proline (Pro), Leucine (Leu), Creatine (Cr),
Glutamic (Glu), Phenylalanine (Phe), Lysine (Lys), Arginine
(Arg), Tryptophan (Trp), Tyrosine (Tyr), Histidine (His),
Valine (Val), Ornithine (Orn), Alanine (Ala), Isoleucine (Ile),
Aspartic (Asp), Threonine (Thr), Taurine (Tau), glutamine (gln),
asparaginate (asn).

2.4.4 Measurement of growth performance in
suckling foals

Foals were restrained for measurement at 0 d and 60 d. Withers
height, body length, chest girth, cannon bone circumference,
and body weight were measured using a measuring stick
and tape.

Frontiers in Veterinary Science

2.5 Data processing

Data were initially organized in Excel and analyzed using SPSS
26.0. One-way ANOVA with Duncan’s multiple-range test was
applied, with significance thresholds set at p < 0.05 (significant)
and p < 0.01 (highly significant). Results are expressed as mean =+
SD. To investigate correlations between plasma and mare’s milk free
amino acid content in Yili mares, as well as associations between
milk amino acids and foal growth performance, Pearson correlation
analysis was conducted in SPSS 21.0 using data from day 60. Figures
were generated using Excel and the MetWare Cloud platform.

3 Results

3.1 Effects of BCAA supplementation on
plasma free amino acid content of Yili
mares

Figure 2 demonstrates that histogram of the quantitative results
of plasma amino acid metabolome in mares. The plasma Asp
concentrations in group S3 significantly exceeded those in D (p <
0.05, Figure 2B). Both S2 and S3 demonstrated higher His content
than D (p < 0.05, Figure 2C), with S2 additionally surpassing S1
in His concentrations (p < 0.05). The Trp content in group S3
was significantly higher compared to that in group D (p < 0.05,
Figure 2D), while showing comparable values to S1 and S2 (p >
0.05). Notably, Ser levels in groups D, S2, and S3 were significantly
lower than those in SI (p < 0.05, Figure 2E), with no significant
differences detected among D, S2, and S3 (p > 0.05, Table 2).
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TABLE 2 Effects of BCAA supplementation on plasma free amino acid content of Yili mares.

Amino acid Free amino acid content in plasma (ng/mL)

S1 S2
Gly 26.40 + 5.46 26.56 + 3.23 24.19 + 14.30 27.26 + 3.91
Ser 13.05 + 3.28° 17.94 + 2.59* 14.01 4 1.75° 14.02 4 2.01°
Met 4.25+0.98 4.02 £ 0.51 4.96 + 0.87 4.66 + 0.68
Pro 68.17 + 18.00 85.10 +7.73 69.74 + 5.79 76.91 + 17.29
Leu 202.53 4 81.15 183.87 + 16.19 215.68 4 50.76 208.16 + 41.63
Cr 9.50 + 2.94 9.00 +2.92 9.62 +3.19 10.46 + 2.75
Phe 12.80 + 3.35 11.99 + 1.65 12.66 + 2.60 12.47 4 1.63
Lys 0.98 4 0.59 134 +0.13 0.93 + 0.42 1.25 4 0.22
Arg 28.07 + 8.41 31.77 £ 3.87 35.04 + 6.00 36.78 + 4.61
Trp 6.10 & 1.06° 6.88 & 1.17% 7.22 4+ 1.22% 8.23 4 1.00°
Tyr 529 + 1.68 4274055 4.56 + 1.00 4.9 +0.87
His 14.00 & 2.31° 14.23 + 0.79% 18.57 4 4.15° 18.08 + 2.15%
Val 41.32 +13.07 39.10 + 4.20 43.37 £5.21 41.61 4 0.91
Orn 7.37 +3.08 6.96 4 0.99 6.5340.76 6.65 % 1.02
Ala 532 4+ 1.30 6.17 £1.25 5.74 + 1.60 591+ 1.08
Tle 19.60 & 7.75 17.88 4 1.67 20.84 +4.78 20.21 + 3.87
Asp 2.2140.71° 2.7 4 0.44%° 3.14 4 0.81% 3.32 4 0.60°
Thr 12.69 4+ 2.82 10.75 % 1.50 12.96 + 3.03 12.00 + 2.01
gln 13.48 4 4.63 16.17 4 1.92 12.28 4 2.46 15.00 4 2.58
asn 3.5140.84 3284035 3.1440.56 3.3940.51

No letter or the same letter in peer data shoulder indicates no significant difference (P > 0.05), and different lowercase letters indicate significant difference (p < 0.05).

3.2 Effect of BCAA supplementation on free
amino acid content in Yili mare's milk

Figure 3 demonstrates that histogram of the quantitative results
of the amino acid metabolome of Yili mare’s milk. Figure 3B
illustrates that group S3 exhibited elevated Ala concentrations
compared to both D and S1 (p < 0.05), while demonstrating a
more pronounced increase relative to S2 (p < 0.01) in mare’s milk.
The Ser concentrations in groups D, S2, and S3 were significantly
lower than those in S1 (p < 0.05, Figure 3C), with no significant
differences observed among D, S2, and S3 (p > 0.05, Table 3).
Notably, Ser levels in S1 were substantially higher than in D (p <
0.01, Figure 3C). Similarly, Asp levels in S3 surpassed those in D
and S2 (p < 0.05), with a highly significant difference compared to
S1 (p < 0.01, Figure 3D).

3.3 Effects of BCAA supplementation in
lactating Yili mares on growth performance
of suckling foals

As shown in Figure 4, suckling foals in Group S3 exhibited
significantly higher body weight gain compared to Group D (p <
0.05). Chest circumference changes followed a similar trend across
groups as body weight gain, though no significant differences were
observed between treatment groups and the control (p > 0.05). No
significant differences were detected in withers height, body length,
or cannon bone circumference gains between experimental groups
and the control (p > 0.05). However, similar trends emerged, with
Group S2 demonstrating higher mean growth values than Groups
D, S1, and S3.

Frontiersin Veterinary Science

3.4 Correlation analysis between free
amino acids in mare plasma and free amino
acids in milk

Figure 5 illustrates correlations between plasma and milk
amino acid content in lactating Yili horses. Plasma BCAA exhibits a
positive but non-significant correlation with milk BCAA (p > 0.05).
The figure further reveal significant positive correlations between
plasma and milk Ser (p < 0.05) and Cr (p < 0.01). Plasma Cr
demonstrates positive associations with milk Gly, His, and Val
(p < 0.05), while plasma His correlates positively with milk Ala
and Asp (p < 0.05). Notably, milk asn demonstrates a negative
correlation with plasma BCAA (p < 0.05). Milk Val shows a positive
association with plasma Cr (p < 0.05), and milk Arg correlates with
plasma Trp (p < 0.05). The figure highlight a highly significant
positive correlation between milk Tyr and plasma Pro (p < 0.01),
alongside a positive relationship between milk Ala and plasma
Thr (p < 0.05).

3.5 Correlation analysis between amino
acids in mare’s milk and growth
performance of suckling foals

As shown in Figure 6, changes in Thr content in mare’s milk
exhibited significant positive correlations (p < 0.05) with growth
changes in body height and body length of suckling foals. Body
length growth changes were significantly positively correlated with
His content variations in milk (p < 0.05), while body height
growth changes showed a significant positive correlation with asn
content fluctuations (p < 0.05). Chest circumference and body
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weight growth changes demonstrated positive correlations with
Arp and Asp content in milk, and body weight changes additionally
correlated with Ala content. However, none of these correlations
reached statistical significance (p > 0.05).

4 Discussion

4.1 Effect of BCAA supplementation on
plasma amino acid content in Yili mares

BCAA, as essential amino acids for animals, can provide amino
groups for the synthesis of Asp and gln (8). In this experiment, after
BCAA supplementation in mares, the Asp content in Group S3 was
significantly higher than in Group D, while gln level in Group S1
showed an increasing trend compared to Group D. This may be due
to the addition of appropriate BCAA quantities, which promoted
relevant metabolic pathways in the mare’s body, thereby inducing
changes conducive to Asp accumulation in plasma. McGuire et al.

Frontiersin Veterinary Science 06

(9) found that amino acids are preferentially absorbed and utilized
by the mammary gland through oxidation or incorporation into
milk proteins. Griinari et al. (10) showed that insulin (INS)
can inhibit protein degradation in muscles, and reduced protein
turnover decreases circulating amino acid concentrations, affecting
free amino acid levels in blood. In this study, the average BCAA
content in Group S1 was lower than in Group D, possibly due
to increased INS levels from concentrate supplementation, which
enhanced BCAA utilization along the feeding gradient, thereby
accelerating the mammary gland’s absorption rate of free amino
acids for milk protein synthesis. BCAA metabolism can influence
the concentrations of other amino acids, including Ser (11), a-
ketoglutarate (a-KG) produced by BCAA decomposition is not
only an intermediate in the tricarboxylic acid (TCA) cycle, but
also indirectly regulates the supply of 3-phosphoglycerate (3-
PG), a substrate synthesized by Ser. In addition, branchedchain
a-keto acids (BCKAs) may increase the production of 3-PG
by activating pyruvate dehydrogenase kinase (PDK) to inhibit
pyruvate dehydrogenase (PDH) and promote carbon flow to
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TABLE 3 Effects of BCAA supplementation on the content of free amino acids in Yili mare’s milk.

Amino acid Free amino acid content in mare’s milk (ug/mL)

S1 S2
Gly 567 41.26 13.59 + 8.10 10.95 + 5.66 10.88 = 5.01
Ser 8.91 + 2.10%° 23.93 £ 1.614° 14.35 4 527480 16.23 4 9.41A8>
Met 0.24 4 0.03 0.3240.11 0.29 4 0.14 0.22 4 0.02
Pro 0.60 + 0.20 0.66 4 0.19 0.58 = 0.08 0.67 £ 0.10
Leu 1.88 £ 0.89 2.03 £ 0.69 2.24+0.79 2.58 £ 0.86
Cr 40.80 £ 8.30 45.62 £ 10.35 47.05+10.20 4523 +£8.11
Glu 328.90 % 107.72 284.76 = 66.70 283.98 + 68.36 280.87 = 51.00
Phe 1.1540.35 1444021 1.20 £ 0.41 1.36 +0.29
Lys 30.17 £ 7.60 36.76 £ 12.91 27.78 £ 6.42 37.40 + 8.24
Arg 4.03 £ 1.30 4.26 £ 0.69 447 £0.84 5.01+0.48
Trp 0.29 = 0.09 0.39 = 0.04 0.35+0.18 0.39+0.14
Tyr 0.52 =+ 0.09 0.63+0.18 043 £0.18 0.59 £ 0.29
His 10.78 £ 3.92 10.72 & 3.54 11.25+3.84 11.93 £ 3.68
Val 1.65 & 0.45 1.77 £ 043 1.87 +0.54 2.13£0.45
Orn 1.22 4+ 0.41 1.62 +0.59 1.25 4 0.90 1.46 & 1.02
Ala 3.66 £+ 1.34480 4.43 £ 0.6548 3.41 £ 0.42% 5.52 &+ 1.284
Tau 3.62+1.83 4.09+ 1.88 4754154 3.82+£2.36
Tle 0.79 = 0.56 0.66 = 0.18 0.72£0.23 1.08 +0.33
Asp 1.06 4 0.51480 0.95 + 0.25%° 1.07 4 0.36"50 1.75 4 0.184
Thr 14.97 4 3.85 16.02 4 3.98 15.29 4 2.40 14.54 £ 7.06
gln 29.40 =+ 7.44 35.54 + 12.23 27.09 +6.25 35.65 + 8.52
asn 2.85+1.19 3.11+0.73 2.46 £ 0.32 2.99 = 0.94

No letter or the same letter in peer data shoulder indicates no significant difference (P > 0.05), and different lowercase letters indicate significant difference (p < 0.05); Different capital letters

indicate very significant differences (p < 0.01), as shown in the following table.

gluconeogenesis (12). In this experiment, Ser content in Group S1
was significantly higher than in Groups D, S2, and S3, indicating
optimal BCAA conversion and utilization in lactating mares at a
BCAA feeding rate of 38 g/d under these experimental conditions.
BCAA directly activates mechanistic target of rapamycin Cl
(mTORC1), which promotes protein synthesis by phosphorylating
S6K1 and inhibiting 4E-BP1 (13). Studies have shown that
mTORCI can also up-regulate the expression of ATF4, which is
a transcriptional activator of key SSP enzymes (PHGDH, PSAT1)
(14). Thus, BCAA may drive serine synthesis via the mTORCI-
ATF4 axis. BCAA supplementation may increase plasma BCAA
concentrations, thereby affecting other amino acids such as His and
Asp. In this experiment, His and Asp levels in Group S3 were higher
than in Group D, consistent with the findings of Pitkdnen et al. (15).

4.2 Effect of BCAA supplementation on
mare’s milk amino acid content

Free amino acids in milk can be directly absorbed by the
body, and dietary amino acid supplementation can improve milk
amino acid composition. BCAA are major components of milk
proteins. Wei et al. (16) demonstrated that adding BCAA to
dairy cow diets increases BCAA content in milk. In this study,
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the average BCAA content in experimental groups was higher
than in Group D, aligning with previous findings, though the
difference was not statistically significant, possibly due to BCAA
supplementation levels. High activities of asparagine synthetase
and glutamine synthetase in mammary tissue provide biochemical
mechanisms for synthesizing Asp, asn, Glu, and other non-essential
amino acids from BCAA. As BCAA concentration increases, its
degradation rate proportionally rises (17). In this experiment, Asp
and Ala contents in mare’s milk increased significantly at 114 g/d
supplementation, while Ser content increased notably at 38 g/d,
likely related to accelerated BCAA degradation in the mammary
gland. Ser is one of the crucial amino acids in lactating mare’s milk
(18). In this experiment, Ser, Gly, and Met levels in Group Sl/s
milk were higher than in other groups, though Gly and Met showed
no significant differences. This may occur because Ser participates
in one-carbon metabolism and the Met cycle through enzymatic
interconversion with Gly (19), leading to increased Ser uptake from
plasma to the mammary gland. Additionally, Ser phosphorylation
by Ser kinase plays a key role in Met and BCAA synthesis (20, 21),
suggesting that 38 g/d BCAA supplementation enhances this amino
acid metabolic pathway under experimental conditions. In Group
S3, Ala and Asp levels were significantly higher than in Group
D, indicating that BCAA supplementation improves mammary
gland BCAA utilization efficiency, thereby affecting specific amino
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FIGURE 4
Histogram of One-Way ANOVA analysis for growth performance in suckling foals. For all the letters represented in the bar graph, different lowercase
letters indicate p < 0.05.

acid levels in mare’s milk, consistent with Lei et al. (22). Protein
dephosphorylation is a critical process in mammary milk synthesis
(23), involving amino acids such as Ala, Asp, and Ser (24-26).
In this experiment, Ala, Asp, and Ser levels in the treatment
group’s milk differed significantly from Group D, suggesting that
appropriate BCAA quantities may promote anabolic pathways of
these amino acids in mammary cells or enhance their uptake
capacity, leading to milk composition changes. The mammary
gland can convert plasma free amino acids into Tyr and others
(27). In this study, Tyr and Met levels in milk were substantially
lower than in plasma, indicating active mammary utilization and
conversion of these amino acids.

4.3 Correlation between plasma and mare’s
milk amino acid content

In this study, plasma and milk Ser levels under 38 g/d BCAA
supplementation were significantly higher than in Groups D,
S1, and S2, potentially due to BCAA metabolism and transport
promoting milk synthesis. Leu and Ile activate the mTOR signaling
pathway to stimulate mammary epithelial cell proliferation and
milk protein synthesis (28, 29), while the mTOR pathway critically
regulates amino acid transporter expression (30). Correlation
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analysis revealed a significant positive correlation between plasma
and milk Ser, likely reflecting increased mammary demand for
amino acids during lactation, elevating transporter expression
(31). Amino acid transport systems directly influence milk protein
synthesis; for example, Asp, Gly, Pro, Ser, and Tyr exhibit turnover
rates exceeding 50%, suggesting transporter-driven influx (32).
Exogenous Ser supplementation can enhance antioxidant capacity
in lactating sows and piglets via maternal transfer (33), implying
potential for improving antioxidant capacity in Yili mares through
Ser supplementation. This study found a significant positive
correlation between plasma Cr and milk Cr, possibly through
mammary epithelial uptake of plasma Cr via sodium/chloride-
dependent transporters (CreaT) or oligopeptide transporters
(e.g., PEPT1/2), followed by secretion into milk. Muscle Cr
concentrations are nearly 200-fold higher than in plasma,
indicating efficient transmembrane transport (34). Plasma Cr also
positively correlated with milk Gly, His, and Val. Gly, His, and
Val participate in Cr biosynthesis through distinct pathways: Ser
serves as a Gly precursor (35), and Gly is essential for Cr synthesis
(36), aligning with the plasma-milk Ser correlation and indicating
maternal provision of Cr and Gly precursors via circulation. His
is vital for hemoglobin synthesis (37), and Cr metabolism may
influence His methylation via methyl group donation (e.g., 3-
methylhistidine formation) (38), thereby regulating milk His levels.
AsaBCAA, Val shares metabolic pathways with Leu and Ile; plasma

frontiersin.org


https://doi.org/10.3389/fvets.2025.1602363
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Ren et al.

10.3389/fvets.2025.1602363

S 4, AL O O L L g9 2 2
A A A A T A N

Milk

FIGURE 5

4 - O A 2 & @
D Y /’s Y j’/ /4 /"’/, % ,’ /// ‘/’/ I"/

Heat map of correlation between amino acids in mare plasma and milk of Yili mares. * p < 0.05, ** p < 0.01

P Value
0.5

Ser -0.0

-—0.5

Phe
Lys

Trp

elIse[

Tyr

. o His

Ala

Cr may reduce BCAA catabolism by promoting muscle protein
synthesis (39), increasing Val transfer into milk. Milk BCAA (e.g.,
Val) are crucial for foal muscle development (40), suggesting
maternal metabolic prioritization of Val allocation to milk. Plasma
His showed significant positive correlations with milk Ala and
Asp, potentially through His transamination to Ala and Asp’s
role in urea cycle-mediated ammonia detoxification (41). Plasma
Thr positively correlated with milk Ala, possibly via Thr-derived
pyruvate and Gly serving as Ala precursors in the mammary gland,
with Thr enhancing alanine synthesis through transaminase (GPT)
activation or alanine dehydrogenase inhibition (42). Milk gln
negatively correlated with plasma BCAA, Met, and Orn, likely due
to competitive absorption via sodium-dependent neutral amino
acid transporters (3). gln is hydrolyzed to Glu and ammonia, which
enters the urea cycle to produce Orn (43). During lactation, mares
prioritize gln for milk protein synthesis over urea cycle entry,
reducing plasma Orn. Efficient mammary gln uptake may limit
hepatic gln availability, suppressing urea cycle Orn production (43).
gln serves as an Orn precursor for polyamine synthesis, which
requires S-adenosylmethionine (SAM) derived from Met, indirectly
depleting Met. gln also upregulates cystathionine--synthase (CBS)
activity, promoting Met conversion to glutathione (GSH) and
reducing plasma free Met (44), indicating urea cycle suppression
and accelerated methyl donor metabolism.
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4.4 Correlation between amino acid
content of horse milk and growth
performance of suckling foals

Foal body height and body length growth are related to
skeletal development (45). Ser supplementation improves both
femur length and bone mineral density in piglets, while significantly
increasing body length growth rate (46). His deficiency reduces
daily weight gain in weaned piglets (47), confirming the universal
essentiality of Ser and His in young monogastric mammals.
asn provides gln to osteoblasts through the SLC1A5 transporter,
supporting energy metabolism required for their differentiation
(48). Thr has been demonstrated to enhance growth rate and
feed conversion efficiency in offspring (49), closely associated
with its promotive effects on skeletal development. This study
found positive correlations between changes in Ser, His, Thr,
gln, and asn content in mare’s milk and body length growth
of suckling foals. Notably, variations in Ser, Thr, gln, and
asn content also positively correlated with body height growth,
indicating that BCAA supplementation in lactating mares alters
milk amino acids influencing foal growth performance. These
results suggest that BCAA supplementation in lactating mares
may alter the amino acid content in horse milk and thus may
have a positive effect on the growth performance of Suckling

09 frontiersin.org


https://doi.org/10.3389/fvets.2025.1602363
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Ren et al.

Gly —0.5
Ser
Met

Pro

-0.0

--0.5
Leu

Cr
Glu
Phe
Lys
Arg
Trp
Tyr
* | His
Val
Om
Ala
Tau

lle

0., 7 @
e S, C.7 )
D e Y O,
5 % %, 7, %
0/5/ 2 @,
S Pe
Q ’)O
FIGURE 6

Heat map of correlation between amino acids in mare’s milk and
growth performance of suckling foals. * p < 0.05, ** p < 0.01.

foals. Arg activates the mTOR pathway to promote muscle fiber
hyperplasia and skeletal metabolism regulation (50, 51). Although
changes in Arg and Asp content in mare’s milk showed positive
correlations with foal weight and chest circumference growth,
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these relationships were not statistically significant. Asp and
its metabolite aspartate aminotransferase (KYNA) can promote
osteoblast differentiation and bone formation by activating Wnt/p-
catenin signaling pathway. Studies have shown that KYNA can
improve bone mineral density in patients with osteoporosis and
play a role by regulating osteoblast differentiation and bone
remodeling (52). The specific impacts on foal growth performance
require further investigation. The changes of Ala content in
horse milk were positively correlated with the changes of body
weight and body height of Suckling foals, but no significant
correlation was found. Under the experimental conditions,
BCAA supplementation at 76 g/d positively influenced body
height and body length growth in suckling foals, while 114
g/d BCAA supplementation improved body weight and chest
circumference development.

4.5 Limitations of the study

In this study, due to the limited number of Yili horses
and the constraints of experimental resources, we selected 18
horses for the experiment; although this sample size has some
reference value in the preliminary exploratory study, it does
limit the universality and statistical significance of the study
results. We also recognize that the 60-day trial period may
not be sufficient to fully assess the long-term effects of BCAA
supplementation, particularly in terms of bone development,
immune function in foals, and long-term health and reproductive
performance in mares. Future studies may consider extending
the trial period to more fully evaluate the long-term effects
of BCAA supplementation in lactating mares and provide a
more comprehensive scientific basis for optimizing the nutritional
management of Yili horses.

5 Conclusions

This study demonstrates that supplementing Yili mares
with 38 g/d BCAA significantly increases plasma and milk
Ser levels, with a significant positive correlation between
plasma and milk Ser. Supplementation at 76 g/d significantly
increased plasma His content in lactating Yili mares while
positively influencing body height and body length development
in suckling foals. At 114 g/d, supplementation significantly
elevated plasma Asp and Trp levels, as well as Asp and Ala
content in mares milk, with concurrent positive effects on
foal body weight and chest circumference growth. Future
applications may utilize Ser as a dietary supplement for lactating
Yili mares to enhance the nutritional value of mare’s milk.
Similarly, His and Thr could be targeted as supplements
for suckling foals to improve growth performance. Further
research should investigate BCAA metabolic pathways and
their effects on milk amino acids in Yili mares, providing
theoretical foundations and metabolic explanations for
improving milk quality. This study also establishes a basis for
exploring maternal-milk amino acid metabolic relationships and

regulatory mechanisms.

frontiersin.org


https://doi.org/10.3389/fvets.2025.1602363
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Ren et al.

Data availability statement

The LC-MS amino acid quantitative data of each sample in the
study are deposited in the figshare repository, accession number
https://doi.org/10.6084/m9.figshare.28944284.v1.

Ethics statement

The animal studies were approved by the Animal Care and Use
Committee of Xinjiang Agricultural University. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the
owners for the participation of their animals in this study.

Author contributions

XR: Formal analysis, Writing - original draft, Writing -
review & editing, Methodology, Data curation, Conceptualization,
Visualization. YX: Writing - review & editing, Visualization,
Conceptualization, Formal analysis, Writing - original draft. ZS:
Software, Writing - review & editing. XL: Validation, Writing —
review & editing. XC: Writing - review & editing, Investigation. JM:
Validation, Writing - review & editing. WR: Writing - review &
editing, Supervision. JW: Project administration, Writing — review
& editing. XY: Resources, Writing — review & editing. YZ: Funding
acquisition, Resources, Supervision, Writing — review & editing.

Funding

The author(s) declare that financial support was received
for the research and/or publication of this article. This work
was funded by Major Science and Technology Special Project
of Xinjiang Uygur Autonomous Region (2022A02013-1), Central
Guided Local Science and Technology Development Funds Project

References

1. An M. Effects of Citrulline Supplementation on Reproductive Performance,
Lactation Performance and Lamb Growth in Hu-sheep Ewes. Xinjiang Agricultural
University: China (2022).

2. Delgado R, Abad-Guaman R, Mata EDI, Menoyo D, Nicodemus N, Garcia J, et al.
Effect of dietary supplementation with arginine and glutamine on the performance of
rabbit does and their litters during the first three lactations. Anim Feed Sci Technol.
(2017) 227:84-94. doi: 10.1016/j.anifeedsci.2017.02.015

3. Yang XF Qin JE Wang L, Gao KG, Zheng CT, Huang L, et al
Improved milk glutamine level and growth performance of suckling piglets
by glutamine supplementation in maternal diet. Ann Anim Sci. (2018)
18:441-52. doi: 10.1515/a0as-2017-0040

4. Hultquist KM, Casper DP. Effects of feeding rumen-degradable valine on
milk production in late-lactating dairy cows. J Dairy Sci. (2016) 99:1201-
15. doi: 10.3168/jds.2015-10197

5. Gao XJ, Wang Z, Qi H, Wang LL, Zhen Z. Molecular mechanism of
chromatin remodeling factor BRG1 mediating Ile regulation of milk synthesis
in bovine mammary epithelial cells. J Northeast Agric Univ. (2020) 51:7.
doi: 10.3969/j.issn.1005-9369.2020.09.007

6. Wang CX, Wang XZ, Guan W, Zhang H, Zhang W, Liu Y, et al. Effects of
dietary leucine supplementation in late gestation of sows on growth performance

Frontiersin Veterinary Science

11

10.3389/fvets.2025.1602363

(ZYYD2025]D02), Xinjiang Uygur Autonomous Region Natural
Science Foundation for Young Scientists (2024D01B40), and Key
Laboratory of Horse Breeding and Exercise Physiology of Xinjiang,
Project (XJMFY202401).

Acknowledgments

The authors gratefully acknowledge the Xinjiang Horse
Industry Association for administrative support, the Zhaosu
Stud Farm in Yili Kazakh Autonomous Prefecture for providing
experimental animals, the College of Animal Science at Xinjiang
Agricultural University for technical expertise, and Xinjiang
Chixiao Bojun Animal Husbandry Co., Ltd. for supplying
experimental consumables.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

and milk composition of weaned piglets. Chin J Anim Husbandry. (2016) 52:5.
doi: 10.3969/j.issn.0258-7033.2016.09.012

7. Trottier NL, Tedeschi LO. Dietary nitrogen utilisation and prediction of amino
acid requirements in equids. Anim Prod Sci. (2019) 59:2057-68. doi: 10.1071/AN19304

8. Wu SN, Liu XZ, Zhen YG, Sun Z, Zhang XF, Wang T, et al. Research progress on
the characteristics and biological functions of branched-chain amino acids. J Econ Zoo
China. (2023) 27:151-6. doi: 10.13326/j.jea.2023.1618

9. McGuire MA, Griinari JM, Dwyer DA, Bauman DE. Role of insulin in
the regulation of mammary synthesis of fat and protein. J Dairy Sci. (1995)
78:816. doi: 10.3168/jds.S0022-0302(95)76693-0

10. Griinari JM, McGuire MA, Dwyer DA, Bauman DE, Barbano DM, House WA.
The role of insulin in the regulation of milk protein synthesis in dairy cows. ] Dairy Sci.
(1997) 80:2361-71. doi: 10.3168/jds.S0022-0302(97)76187-3

11. Adeva MM, Calvifio ], Souto G, Donapetry C. Insulin resistance and the
metabolism of branched-chain amino acids in humans. Amino Acids. (2011) 43:171-
81. doi: 10.1007/s00726-011-1088-7

12. Holetek M. Branched-chain amino acids and branched-chain keto acids
in hyperammonemic states: metabolism and as supplements. Metabolites.
10:324. doi: 10.3390/metabo10080324

frontiersin.org


https://doi.org/10.3389/fvets.2025.1602363
https://doi.org/10.6084/m9.figshare.28944284.v1
https://doi.org/10.1016/j.anifeedsci.2017.02.015
https://doi.org/10.1515/aoas-2017-0040
https://doi.org/10.3168/jds.2015-10197
https://doi.org/10.3969/j.issn.1005-9369.2020.09.007
https://doi.org/10.3969/j.issn.0258-7033.2016.09.012
https://doi.org/10.1071/AN19304
https://doi.org/10.13326/j.jea.2023.1618
https://doi.org/10.3168/jds.S0022-0302(95)76693-0
https://doi.org/10.3168/jds.S0022-0302(97)76187-3
https://doi.org/10.1007/s00726-011-1088-7
https://doi.org/10.3390/metabo10080324
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Ren et al.

13. Jean-Pascal DB, Xavier C, Robert B. Branched-chain amino acids and
insulin resistance, from protein supply to diet-induced obesity. Nutrients. (2023)
15:68. doi: 10.3390/nu15010068

14. Wu Q, et al. Serine and metabolism regulation: a novel mechanism in
antitumor immunity and senescence. Aging Dis. (2020) 11:1640-53. doi: 10.14336/AD.
2020.0314

15. Pitkinen HT, Oja SS, Rusko H, Nummela A, Komi PV, Saransaari P,
et al. Leucine supplementation does not enhance acute strength or running
performance but affects serum amino acid concentration. Amino Acids. (2003) 25:85-
94. doi: 10.1007/s00726-002-0343-3

16. Xu W, Kenéz A, Mann S, Overton TR, Wakshlag JJ, Nydam DV, et al.
Effects of dietary branched-chain amino acid supplementation on serum and milk
metabolome profiles in dairy cows during early lactation. J Dairy Sci. (2022) 105:8497-
508. doi: 10.3168/jds.2022-21892

17. Li P, Knabe DA, Kim SW, Lynch CJ, Hutson SM, Wu G. Lactating porcine
mammary tissue catabolizes branched-chain amino acids for glutamine and aspartate
synthesis. ] Nutr. (2009) 139:1502. doi: 10.3945/jn.109.105957

18. Matsui A, Inoue Y, Asai Y. Effects of acute changes in the energy and
protein intake levels over the short-term on the maternal milk amino acid
concentrations in lactating mares. Asian-Australas ] Anim Sci. (2005) 18:855-
60. doi: 10.5713/ajas.2005.855

19. Lee SB, Sellers BN, Denicola GM. The regulation of NRF2 by nutrient-responsive
signaling and its role in anabolic cancer metabolism. Antioxid Redox Signal. (2017)
29:1774-91. doi: 10.1089/ars.2017.7356

20. Liu P, et al. O-Succinyl-1-homoserine overproduction with enhancement of the
precursor succinyl-CoA supply by engineered Escherichia coli. J Biotechnol. (2021)
325:164-72. doi: 10.1016/j.jbiotec.2020.11.002

21. Hong KK, Kim JH, Yoon JH, Park HM, Choi SJ, Song GH, et al. O-Succinyl-
I-homoserine-based C4-chemical production: succinic acid, homoserine lactone,
y-butyrolactone, y-butyrolactone derivatives, and 1,4-butanediol. J Ind Microbiol
Biotechnol. (2014) 41:1517-24. doi: 10.1007/s10295-014-1499-z

22. Lei ], Feng D, Zhang Y, Dahanayaka S, Li X, Yao K, et al. Regulation of
leucine catabolism by metabolic fuels in mammary epithelial cells. Amino Acids. (2012)
43:2179-89. doi: 10.1007/s00726-012-1302-2

23. Lei J, Feng D, Zhang Y, Zhao FQ, Wu Z, San Gabriel A, et al. Nutritional
and regulatory role of branched-chain amino acids in lactation. Front Biosci. (2012)
17:2725-39. doi: 10.2741/4082

24. Zhao'Y, Zhang ZY. The mechanism of dephosphorylation of extracellular signal-
regulated kinase 2 by mitogen-activated protein kinase phosphatase 3. J Biol Chem.
(2001) 276:32382-91. doi: 10.1074/jbc.M103369200

25. Li R, Xie DD, Dong JH, Li H, Li KS, Su J, et al. Molecular mechanism of ERK
dephosphorylation by striatal-enriched protein tyrosine phosphatase. ] Neurochem.
(2014) 128:315-29. doi: 10.1111/jnc.12463

26. Lu G, Sun H, She P, Youn JY, Warburton S, Ping P, et al. Protein
phosphatase 2Cm is a critical regulator of branched-chain amino acid catabolism
in mice and cultured cells. J Clin Invest. (2009) 119:1678-87. doi: 10.1172/
JCI38151

27. Bequette BJ, Hanigan MD, Calder AG, Reynolds CK, Lobley
GE, MacRae JC. Amino acid exchange by the mammary gland of
lactating goats when histidine limits milk production. J Dairy Sci. (2000)
83:765-75. doi: 10.3168/jds.50022-0302(00)74939-3

28. Wu Z, Heng ], Tian M, Song H, Chen F Guan W, et al. Amino acid
transportation, sensing and signal transduction in the mammary gland: key molecular
signalling pathways in the regulation of milk synthesis. Nutr Res Rev. (2020) 33:287-
97. doi: 10.1017/50954422420000074

29. Zhu PW, Wu CC, Cui C, Zheng XY, Ma ZW, Wang J, et al. Effect of leucine on
nutrient transport in porcine mammary epithelial cells and its regulatory mechanism.
Chin ] Anim Nutr. (2022) 2022:34. doi: 10.3969/j.issn.1006-267x.2022.03.049

30. Arriola Apelo SI, Singer LM, Lin XY, McGilliard ML, St-Pierre NR,
Hanigan MD. Isoleucine, leucine, methionine, and threonine effects on mammalian
target of rapamycin signaling in mammary tissue. J Dairy Sci. (2014) 97:1047-
56. doi: 10.3168/jds.2013-7348

31. Manjarin R, Steibel JP, Zamora V, Am-In N, Kirkwood RN, Ernst CW, et al.
Transcript abundance of amino acid transporters, B-casein, and a-lactalbumin in
mammary tissue of periparturient, lactating, postweaned sows. J Dairy Sci. (2011)
94:3467-76. doi: 10.3168/jds.2011-4163

Frontiersin

12

10.3389/fvets.2025.1602363

32. Yoder PS, Castro JJ, Ruiz-Cortes T, Hanigan MD. Effects of varying
extracellular amino acid concentrations on bidirectional amino acid transport and
intracellular fluxes in mammary epithelial cells. J Dairy Sci. (2021) 104:9931-
47. doi: 10.3168/jds.2021-20187

33. Zeng SJ, Liu YH, Long J, Guan P, Hu X, Wang CY, et al. Effects of dietary serine
supplementation in perinatal sows on serum biochemical indices and antioxidant
function in lactating sows and Suckling piglets. Chin ] Anim Nutr. (2021) 33:1976-85.
doi: 10.3969/j.issn.1006-267x.2021.04.018

34. Derave W, Everaert I, Beeckman S, Baguet A. Muscle carnosine metabolism and
beta-alanine supplementation in relation to exercise and training. Sports Med. (2010)
40:247-63. doi: 10.2165/11530310-000000000-00000

35. Zhao J, Stewart ID, Baird D, Mason D, Wright ], Zheng J, et al. Causal effects of
maternal circulating amino acids on offspring birthweight: a Mendelian randomisation
study. EBioMedicine. (2023) 88:104441. doi: 10.1016/j.ebiom.2023.104441

36. Brosnan ME, Brosnan JT. The role of dietary creatine. Amino Acids. (2016)
48:1-7. doi: 10.1007/s00726-016-2188-1

37. Dunstan RH, et al. Modelling of amino acid turnover in the horse during training
and racing: A basis for developing a novel supplementation strategy. PLoS ONE. (2020)
15:€0226988. doi: 10.1371/journal.pone.0226988

38. Sawada K, LiJY, Kuribayashi Y, Itabashi H. Seasonal change of plasma free amino
acids with special reference to 3-methylhistidine in racehorses. Asian-Australas ] Anim
Sci. (2008) 21:1779-84. doi: 10.5713/ajas.2008.80182

39. Li X, Ma J, Li H, Li H, Ma Y, Deng H, et al. Effect of B-alanine on the athletic
performance and blood amino acid metabolism of speed-racing Yili horses. Front Vet
Sci. (2024) 11:14. doi: 10.3389/fvets.2024.1339940

40. Zhang MM, Zhao XN, Shuang Q, Zhang FM. Fermentation dynamic analysis
of nutritional quality and functional properties of horsemilk. Food Ferment Ind.
(2022) 48:103-9. doi: 10.13995/j.cnki.11-1802/ts.028535

41. Graham-Thiers PM, Bowen LK. The effect of time of feeding on plasma
amino acids during exercise and recovery in horses. Transl Anim Sci. (2021)
5:txab045. doi: 10.1093/tas/txab045

42. Fiera M, Kra¢mar S, Sustova K, Tvrznik P, Velichové H, Figerova L, et al. Effects
of the lactation period, breed and feed on amino acids profile of mare’s milk. Slovak |
Food Sci. (2020) 14. doi: 10.5219/1344

43. Silva ERRD, Hunka MM, da Costa Cordeiro HE, Manso Filho HC. Glutamine
and glutamate supplementation increases the levels of these amino acids in the milk of
pasture-fed mares. Acta Sci Vet. (2018) 46:8. doi: 10.22456/1679-9216.87307

44. Holbert CE, Casero RA, Stewart TM.
amines in influencing the tumor microenvironment.
15:173. doi: 10.1007/s12672-024-01034-9

45. Dias de Castro L, Abrahdo CL, Antunes ], Pritsch I, Molento MB. Body
development from birth to 18 months of age of thoroughbred foals in Brazil. Int ] Plant
Anim Environ Sci. (2021) 11:352-62. doi: 10.26502/ijpaes.202110

46. Zhou H, Guan P, Wang CY, Hou RX, Li TJ, Yin Yl, et al. The effects of
serine on growth performance, intestinal morphological structure and immune-
related indicators of intrauterine growth retarded lactating piglets. Acta Veterinaria
Et Zootechnica Sinica. (2023) 54:4220-32. doi: 10.11843/j.issn.0366-6964.2023.10.020

Polyamines: the
Discov

pivotal
Oncol.

47. Morgane R, et al. Nutrition of broodmares. Vet Clin North Am Equine
Pract. (2021) 37:177-205. doi: 10.1016/j.cveq.2021.01.001

48. Deepika S, et al. SLC1A5 provides glutamine and asparagine necessary for bone
development in mice. Elife. (2021) 10. doi: 10.1101/2021.06.23.449651

49. Golovacheva NA, Selivanova IR, Chichenkova MA, Filatova PA,
Antonova VS. Influence of succinic acid Acidum succinicum on chinchilla
growth in postembryonic period. RUDN ] Agron Anim Ind. (2023)
18:385-98. doi: 10.22363/2312-797X-2023-18-3-385-398

50. Wu G, Bazer FW, Satterfield MC, Li X, Wang X, Johnson GA, et al. Impacts
of arginine nutrition on embryonic and fetal development in mammals. Amino Acids.
(2013) 45:241-56. doi: 10.1007/s00726-013-1515-z

51. Tian YH, Chen DW, Yu B, He J, Yu ], Mao XB, et al. The influence of low birth
weight on the immune function of piglets and the nutritional effect of arginine. Acta
Zoonutrimenta Sinica. (2018) 30:4886-97. doi: 10.3969/j.issn.1006-267x.2018.12.016

52. Ballesteros J, Rivas D, Duque G. The role of the kynurenine pathway
in the pathophysiology of frailty, sarcopenia, and osteoporosis. Nutrients. (2023)
15:3132. doi: 10.3390/nu15143132


https://doi.org/10.3389/fvets.2025.1602363
https://doi.org/10.3390/nu15010068
https://doi.org/10.14336/AD.2020.0314
https://doi.org/10.1007/s00726-002-0343-3
https://doi.org/10.3168/jds.2022-21892
https://doi.org/10.3945/jn.109.105957
https://doi.org/10.5713/ajas.2005.855
https://doi.org/10.1089/ars.2017.7356
https://doi.org/10.1016/j.jbiotec.2020.11.002
https://doi.org/10.1007/s10295-014-1499-z
https://doi.org/10.1007/s00726-012-1302-2
https://doi.org/10.2741/4082
https://doi.org/10.1074/jbc.M103369200
https://doi.org/10.1111/jnc.12463
https://doi.org/10.1172/JCI38151
https://doi.org/10.3168/jds.S0022-0302(00)74939-3
https://doi.org/10.1017/S0954422420000074
https://doi.org/10.3969/j.issn.1006-267x.2022.03.049
https://doi.org/10.3168/jds.2013-7348
https://doi.org/10.3168/jds.2011-4163
https://doi.org/10.3168/jds.2021-20187
https://doi.org/10.3969/j.issn.1006-267x.2021.04.018
https://doi.org/10.2165/11530310-000000000-00000
https://doi.org/10.1016/j.ebiom.2023.104441
https://doi.org/10.1007/s00726-016-2188-1
https://doi.org/10.1371/journal.pone.0226988
https://doi.org/10.5713/ajas.2008.80182
https://doi.org/10.3389/fvets.2024.1339940
https://doi.org/10.13995/j.cnki.11-1802/ts.028535
https://doi.org/10.1093/tas/txab045
https://doi.org/10.5219/1344
https://doi.org/10.22456/1679-9216.87307
https://doi.org/10.1007/s12672-024-01034-9
https://doi.org/10.26502/ijpaes.202110
https://doi.org/10.11843/j.issn.0366-6964.2023.10.020
https://doi.org/10.1016/j.cveq.2021.01.001
https://doi.org/10.1101/2021.06.23.449651
https://doi.org/10.22363/2312-797X-2023-18-3-385-398
https://doi.org/10.1007/s00726-013-1515-z
https://doi.org/10.3969/j.issn.1006-267x.2018.12.016
https://doi.org/10.3390/nu15143132
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Effects of BCAA supplementation on plasma and mare's milk amino acid contents in Yili mares and growth performance of suckling foals
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Design of experiments
	2.3 Feeding management
	2.4 Sample collection and determination
	2.4.1 Blood samples were collected from mares
	2.4.2 Mare milk sample collection
	2.4.3 Determination of free amino acid content
	2.4.4 Measurement of growth performance in suckling foals

	2.5 Data processing

	3 Results
	3.1 Effects of BCAA supplementation on plasma free amino acid content of Yili mares
	3.2 Effect of BCAA supplementation on free amino acid content in Yili mare's milk
	3.3 Effects of BCAA supplementation in lactating Yili mares on growth performance of suckling foals
	3.4 Correlation analysis between free amino acids in mare plasma and free amino acids in milk
	3.5 Correlation analysis between amino acids in mare's milk and growth performance of suckling foals

	4 Discussion
	4.1 Effect of BCAA supplementation on plasma amino acid content in Yili mares
	4.2 Effect of BCAA supplementation on mare's milk amino acid content
	4.3 Correlation between plasma and mare's milk amino acid content
	4.4 Correlation between amino acid content of horse milk and growth performance of suckling foals
	4.5 Limitations of the study

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


