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Abstract
This experiment aimed to investigate the effects of rumen-protected leucine
(RP-Leu) on reproductive performance, digestive performance, and colostrum
quality of Tan sheep ewes. Forty-eight multiparous Tan sheep ewes with a body
weight of (42.18$±$2.62) kg were selected and randomly divided into 4 groups,
with 3 replicates per group and 4 ewes per replicate. The control group was
fed a basal diet, while the experimental groups were supplemented with 0.10%,
0.20%, and 0.30% RP-Leu on top of the basal diet, respectively. The experi-
mental period lasted from day 35 of gestation to day 60 postpartum (weaning).
The results showed that compared with the control group, dietary supplemen-
tation of 0.20% RP-Leu to ewes during gestation significantly increased lamb
birth weight and weaning weight (P<0.05), significantly improved the apparent
digestibility of crude protein in gestating ewes (P<0.05), significantly increased
the contents of milk fat, milk protein, and lactose in colostrum (P<0.05), and
simultaneously significantly reduced serum urea nitrogen content in ewes on
day 15 postpartum (P<0.05). In conclusion, dietary supplementation of 0.20%
RP-Leu can improve nitrogen deposition and colostrum quality in pregnant Tan
sheep, thereby promoting lamb growth and development.
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Abstract: This experiment was conducted to investigate the effects of rumen-
protected leucine (RP-Leu) on reproductive performance, digestive performance,
and colostrum quality of Tan sheep ewes. Forty-eight multiparous Tan sheep
ewes with an average body weight of (42.18$±$2.62) kg were randomly assigned
to four groups, with three replicates per group and four ewes per replicate.
The control group received a basal diet, while the experimental groups were
supplemented with 0.10%, 0.20%, and 0.30% RP-Leu, respectively. The trial
period spanned from day 35 of gestation to day 60 postpartum (weaning). The
results showed that, compared with the control group, dietary supplementation
with 0.20% RP-Leu during gestation significantly increased lamb birth weight
and weaning weight (P<0.05), significantly improved the apparent digestibility
of crude protein in gestating ewes (P<0.05), significantly elevated colostrum
concentrations of milk fat, milk protein, and lactose (P<0.05), and significantly
reduced serum urea nitrogen content in ewes on day 15 postpartum (P<0.05). In
conclusion, dietary supplementation with 0.20% RP-Leu can improve nitrogen
deposition and colostrum quality in pregnant Tan sheep ewes while promoting
lamb growth and development.
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Maternal nutritional status during gestation is closely associated with offspring
growth, meat quality, and health status, producing lasting effects that persist
into later life. In animal production, the influence of maternal nutrition dur-
ing gestation on offspring development has become a prominent research focus.
With advancing research on amino acid nutrition in ruminants, increasing at-
tention has been directed toward the nutritional regulation of functional amino
acids during gestation. Functional amino acids refer to those that serve physi-
ological functions beyond protein synthesis, such as synthesizing various bioac-
tive substances and modulating immune function. Branched-chain amino acids
(BCAAs) constitute an important component of functional amino acids, and
leucine (Leu), as one of the BCAAs, is an essential amino acid for mammals
that must be obtained from the diet since it cannot be synthesized endoge-
nously. Moreover, Leu is the most abundant essential amino acid in feedstuffs.
Numerous studies have demonstrated that Leu plays crucial regulatory roles
in mammals, primarily manifested in modulating immune function, providing
oxidative energy, and regulating protein metabolism.

Tan sheep represent an excellent local breed in the Ningxia region, characterized
by tender meat, uniform fat distribution, and delicious flavor, making them the
dominant breed for producing distinctive local mutton. Currently, Tan sheep
production commonly emphasizes fattening while neglecting maternal nutrition,
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and few studies have investigated how gestational feeding strategies affect pro-
duction performance. This experiment was designed to explore the effects of
rumen-protected leucine (RP-Leu) on reproductive performance, digestive per-
formance, and colostrum quality of Tan sheep ewes, thereby providing a basis
and reference for improving production levels in Tan sheep breeding ewes.

1.1 Experimental Animals and Diets

The experiment was conducted from July 20, 2015, to March 15, 2016, at
Hongsipu District Tianyuan Well-bred Sheep Breeding Co., Ltd. in Ningxia.
Seventy healthy multiparous Tan sheep ewes of similar age and body weight
were selected and subjected to estrus synchronization. After breeding, 48 ewes
were randomly allocated to four groups, with three replicates (pens) per group
and four ewes per replicate. The adaptation period lasted 7 days, and the for-
mal trial commenced on day 35 of gestation. After natural parturition, all ewes
were fed diets meeting the NRC (2007) nutrient recommendations for lactating
sheep. The experiment concluded on day 60 postpartum (weaning).

The basal diet was formulated according to NRC (2007) standards, with compo-
sition and nutrient levels presented in Table 1 . Control group ewes received the
basal diet, while experimental groups received the basal diet supplemented with
0.10%, 0.20%, and 0.30% RP-Leu, respectively, substituting an equal amount of
wheat bran. Leucine was a white powder with 99.0% active content, provided
by Evonik. The preparation of RP-Leu followed the method described by Sang
et al. [11], with sodium carboxymethyl cellulose used as the coating material.

1.2 Feeding Management

All experimental ewes were individually numbered and housed in semi-open pens
with good ventilation. They were fed twice daily at 08:00 and 16:00 with free
access to water. Feed allowance was adjusted daily based on the previous day’s
refusals to ensure a small amount of leftover feed (<5%). Routine disinfection,
deworming, and vaccination procedures were followed according to standard
farm protocols.

1.3 Measurements

1.3.1 Reproductive Performance The number of lambs born and their
health status were recorded, and lamb birth weight and weaning weight were
measured and documented.

1.3.2 Nutrient Apparent Digestibility On day 50 of the experiment, two
ewes per replicate were randomly selected for a digestion-metabolism trial. Feed
and refusal samples were collected using the total fecal collection method. After
a 3-day adaptation period, feces were continuously collected for 4 days, weighed
every 12 hours, and 10% sulfuric acid (10% concentration) was added at 10%
of fecal weight for nitrogen fixation. The 4-day samples were pooled and stored
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at -20 °C. The contents of crude protein (CP), neutral detergent fiber (NDF),
acid detergent fiber (ADF), ether extract (EE), dry matter (DM), and organic
matter (OM) in feed, refusals, and feces were determined according to methods
described in “Feed Analysis and Feed Quality Detection Technology”edited
by Zhang Liying [13]. Nutrient apparent digestibility was calculated using the
following formula:

Nutrient apparent digestibility (%) = [(Nutrient intake - Nutrient excretion) /
Nutrient intake] × 100.

1.3.3 Colostrum Collection and Quality Determination Colostrum
samples (10 mL) were collected from Tan sheep ewes on the day of parturition,
placed in centrifuge tubes, and transported to the laboratory under refrigera-
tion. Colostrum concentrations of milk protein (MP), milk fat (MF), lactose,
total milk solids (MTS), and milk solids-not-fat (MSNF) were determined using
a Milkoscan FT-1 multifunctional milk analyzer (FOSS, Sweden).

1.3.4 Serum Biochemical Indicators On day 15 postpartum, 5 mL of blood
was collected from the jugular vein of each ewe, placed in centrifuge tubes, and
centrifuged at 1,980×g for 15 min at 4 °C to harvest serum, which was stored at
-20 °C. Serum concentrations of total protein (TP), albumin (ALB), total choles-
terol (TC), glucose (GLU), and urea nitrogen (UN) were determined using an
automatic biochemical analyzer (TBA-40FR, Toshiba, Japan) via colorimetric
methods. Assay kits were purchased from Nanjing Jiancheng Bioengineering In-
stitute, and procedures were performed according to manufacturer instructions.

1.4 Statistical Analysis

Experimental data were initially processed using Excel software and subse-
quently analyzed using the GLM procedure of SAS 8.2. Differences among
groups were evaluated using Duncan’s multiple comparison test, with P<0.05
considered statistically significant.

2.1 Effects of RP-Leu on Reproductive Performance of Tan Sheep
Ewes

All ewes in this experiment gave birth to single lambs. The effects of RP-Leu
on reproductive performance are presented in Table 2 . Compared with the
control group, dietary supplementation with 0.20% or 0.30% RP-Leu during
gestation significantly increased lamb birth weight and weaning weight (P<0.05),
whereas supplementation with 0.10% RP-Leu had no significant effect on these
parameters (P>0.05).
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2.2 Effects of RP-Leu on Nutrient Apparent Digestibility of Tan Sheep
Ewes

As shown in Table 4 , dietary supplementation with 0.20% RP-Leu signifi-
cantly improved the apparent digestibility of crude protein (CP) in gestating
Tan sheep ewes compared with the control group (P<0.05), while other exper-
imental groups showed no significant differences (P>0.05). Supplementation
with RP-Leu did not significantly affect the apparent digestibility of dry matter
(DM), ether extract (EE), organic matter (OM), neutral detergent fiber (NDF),
or acid detergent fiber (ADF) (P>0.05).

2.3 Effects of RP-Leu on Colostrum Quality of Tan Sheep Ewes

As shown in Table 3 , dietary supplementation with 0.20% or 0.30% RP-Leu
during gestation significantly increased colostrum milk fat (MF) and lactose
concentrations (P<0.05), though no significant differences were observed among
the various supplemented groups (P>0.05). Supplementation with 0.20% RP-
Leu significantly elevated colostrum milk protein (MP) content (P<0.05), while
other experimental groups did not differ significantly from the control (P>0.05).
Dietary RP-Leu supplementation had no significant effect on colostrum total
milk solids (MTS) or milk solids-not-fat (MSNF) concentrations (P>0.05).

2.4 Effects of RP-Leu on Serum Biochemical Indicators of Tan Sheep
Ewes

As shown in Table 5 , no significant differences were observed among groups in
serum glucose (GLU), globulin (GLB), or total cholesterol (TC) concentrations
(P>0.05). However, compared with the control group, dietary supplementation
with 0.20% RP-Leu during gestation significantly increased serum total protein
(TP) and albumin (ALB) concentrations (P<0.05) while significantly decreasing
serum urea nitrogen (UN) content (P<0.05).

The maternal nutritional environment during embryonic development consti-
tutes a critical factor influencing postnatal metabolic patterns in offspring. Be-
yond providing nutrients for embryonic development, maternal nutrition during
gestation must also satisfy the dam’s own basic metabolic requirements. Nu-
tritional imbalances in pregnant ewes can reduce lamb birth weight and affect
long-term offspring health, while gestational nutrition is also closely associated
with the production performance of both ewes and their offspring.

With deepening research on functional amino acids in regulating livestock phys-
iological functions, increasing attention has focused on their role in improv-
ing animal production performance. As an essential amino acid for mammals,
leucine cannot be synthesized endogenously and must be obtained from the diet.
Leucine promotes protein synthesis by activating the mammalian target of ra-
pamycin (mTOR) signaling pathway, thereby maintaining muscle mass and in-
creasing average daily gain. The present study found that supplementing gestat-
ing Tan sheep ewes with 0.20% RP-Leu significantly increased lamb birth weight,
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likely by promoting embryonic protein synthesis. Sang et al. [20] reported that
dietary RP-Leu supplementation in sheep enhanced phosphorylation of key fac-
tors in the skeletal muscle mTOR signaling pathway, thereby promoting muscle
protein synthesis. Similar protein synthesis-promoting effects of leucine have
been demonstrated in other mammals. In weaned piglets, leucine supplementa-
tion to low-protein diets significantly increased skeletal muscle protein synthesis,
while long-term leucine provision via drinking water also enhanced skeletal mus-
cle protein synthesis in rats. These findings further support the inference that
gestational RP-Leu supplementation promotes embryonic protein synthesis.

Research on leucine’s effects on nutrient apparent digestibility in herbivores
is limited. Liu et al. [23] found that duodenal leucine infusion stimulated 𝛼-
amylase production and pancreatic exocrine function, thereby improving starch
digestibility in heifers. Similarly, leucine enhanced 𝛼-amylase activity and in-
creased intestinal starch digestibility in dairy goats. In contrast, the present
results showed that RP-Leu supplementation did not significantly affect ap-
parent digestibility of OM, DM, EE, NDF, or ADF in gestating ewes but sig-
nificantly improved CP apparent digestibility. This may be attributed to the
fact that approximately 85% of leucine in RP-Leu theoretically bypasses ru-
men microbial degradation and becomes available for intestinal digestion and
utilization, thereby balancing dietary amino acids and improving CP digestion
and utilization. The concurrent increase in colostrum MP content with RP-Leu
supplementation further corroborates this mechanism.

Beyond protein synthesis, leucine participates in energy metabolism and is
closely associated with glucose uptake and fatty acid oxidation in animals. Fan
et al. [25] reported that dietary leucine supplementation in weaned piglets in-
hibited oxidative phosphorylation and fatty acid 𝛽-oxidation while enhancing
glycolysis, thereby altering energy metabolism status. The present study demon-
strated that RP-Leu supplementation significantly increased colostrum milk fat
and lactose concentrations, indicating that leucine also participates in mammary
energy metabolism processes in gestating Tan sheep. Since ewe milk quality is
closely related to lamb production performance, the improved postnatal lamb
performance observed in this study suggests that gestational leucine exerts pos-
itive regulatory effects on milk quality in ruminants.

Serum total protein and albumin concentrations reflect protein absorption, syn-
thesis, and catabolism status in animals and can also indicate immune func-
tion. In this study, dietary RP-Leu supplementation significantly increased
serum TP and ALB concentrations in gestating ewes, suggesting that RP-Leu
enhanced protein digestion and utilization and potentially improved immune
function. Serum urea nitrogen content serves as an important indicator of pro-
tein metabolism and amino acid balance; elevated serum UN occurs when one
or more amino acids are deficient or excessive in the diet. The significant re-
duction in serum UN content observed with RP-Leu supplementation indicates
improved dietary nitrogen utilization and enhanced nitrogen deposition in ges-
tating Tan sheep ewes, consistent with the observed improvements in CP appar-
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ent digestibility and serum biochemical parameters.

In conclusion, dietary supplementation with 0.20% RP-Leu in gestating Tan
sheep ewes improved dietary crude protein apparent digestibility and colostrum
quality, increased lamb birth weight, and promoted lamb growth and develop-
ment while enhancing dietary protein utilization efficiency.

References
[1] DU M, WANG B, FU X, et al. Fetal programming in meat production[J].
Meat Science, 2015, 109: 40–47.

[2] FUNSTON R N, LARSON D M, VONNAHME K A. Effects of maternal
nutrition on conceptus growth and offspring performance: implications for beef
cattle production[J]. Journal of Animal Science, 2010, 88(13S): E205–E215.

[3] NATHANIELSZ P W, POSTON L, TAYLOR P D. In utero exposure to
maternal obesity and diabetes: animal models that identify and characterize
implications for future health[J]. Clinics in Perinatology, 2007, 34(2): 515–526.

[4] WU G Y. Functional amino acids in growth, production, and health[J]. Ad-
vances in Nutrition, 2010, 1(1): 31–37.

[5] SCHADEWALDT P, WENDEL U. Metabolism of branched-chain amino
acids in maple syrup urine disease[J]. European Journal of Pediatrics, 1997,
156(1S): S62–S66.

[6] NISHITANI S, MATSUMURA T, FUJITANI S, et al. Leucine promotes glu-
cose uptake in skeletal muscles of rats[J]. Biochemical and Biophysical Research
Communications, 2002, 299(5): 693–696.

[7] NAIR K S, WOOLF P D, WELLE S L, et al. Leucine, glucose, and en-
ergy metabolism after 3 days of fasting in healthy human subjects[J]. American
Journal of Clinical Nutrition, 1987, 46(4): 557–562.

[8] CHAND T, GOLDBERG A. Leucine inhibits oxidation of glucose and pyru-
vate in skeletal muscles during fasting[J]. Journal of Biological Chemistry, 1978,
253(10): 3696–3701.

[9] PAUL H S, ADIBI S A. Assessment of effect of starvation, glucose, fatty
acids and hormones on alpha-decarboxylation of leucine in skeletal muscle of
rat[J]. Journal of Nutrition, 1976, 106(8): 1079–1089.

[10] LI H, XU M, LEE J, et al. Leucine supplementation increases SIRT1 expres-
sion and prevents mitochondrial dysfunction and metabolic disorders in high-
fat diet-induced obese mice[J]. American Journal of Physiology, 2012, 303(10):
E1234–E1244.

[11] Sang D, Guo JQ, Sun HZ. Study on the stability of rumen-protected
leucine[J]. China Feed, 2009(20): 41–42.

chinarxiv.org/items/chinaxiv-201711.00911 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00911


[12] Liu J, Diao QY, Zhao YG, et al. Study on prediction models for nutri-
ent digestibility and effective energy of meat sheep feed[J]. Acta Veterinaria et
Zootechnica Sinica, 2012, 43(8): 1230–1238.

[13] Zhang LY. Feed Analysis and Feed Quality Detection Technology[M]. 3rd
ed. Beijing: China Agricultural University Press, 2007.

[14] Lou C, Jiang CG, Ma T, et al. Study on nitrogen metabolism and net protein
requirements for maintenance in Dorper × Han crossbred breeding ewes[J]. Acta
Veterinaria et Zootechnica Sinica, 2014, 45(6): 943–952.

[15] HEO S, YANG Y X, JIN Z, et al. Effects of dietary energy and lysine
intake during late gestation and lactation on blood metabolites, hormones, milk
composition and reproductive performance in primiparous sows[J]. Canadian
Journal of Animal Science, 2008, 88(2): 247–257.

[16] REZAEI R, KNABE D A, TEKWE C D, et al. Dietary supplementation
with monosodium glutamate is safe and improves growth performance in post-
weaning pigs[J]. Amino Acids, 2013, 44(3): 911–923.

[17] Hu CJ, Zhang T, Li HW, et al. Effects of dietary leucine and glutamate
supplementation on growth performance, carcass traits, and meat quality of
finishing pigs[J]. Chinese Journal of Animal Nutrition, 2017, 29(2): 590–596.

[18] JEWELL J L, KIM Y C, RUSSELL R C, et al. Differential regulation of
mTORC1 by leucine and glutamine[J]. Science, 2015, 347(6218): 194–198.

[19] HYUN Y, ELLIS M, MCKEITH F K, et al. Effect of dietary leucine level on
growth performance, and carcass and meat quality in finishing pigs[J]. Canadian
Journal of Animal Science, 2003, 83(2): 315–318.

[20] Sang D, Sun HZ, Guo JQ, et al. Effects of rumen-protected leucine on key
factors in the mammalian target of rapamycin (mTOR) signaling pathway in
sheep skeletal muscle[J]. Chinese Journal of Animal Nutrition, 2011, 23(1): 61–
65.

[21] YIN Y L, YAO K, LIU Z J, et al. Supplementation with L-leucine to a low-
protein diet increases tissue protein synthesis in weaning pigs[J]. Amino Acids,
2010, 39(5): 1477–1486.

[22] LYNCH C J, HUTSON S M, PATSON B J, et al. Tissue-specific effects of
chronic dietary leucine and norleucine supplementation on protein synthesis in
rats[J]. American Journal of Physiology-Endocrinology and Metabolism, 2002,
283(4): E824–E835.

[23] LIU K, LIU Y, LIU S M, et al. Relationships between leucine and the pan-
creatic exocrine function improving starch digestibility in ruminants[J]. Journal
of Dairy Science, 2015, 98(4): 2576–2582.

[24] YU Z P, XU M, WANG F, et al. Effect of duodenal infusion of leucine and
phenylalanine on intestinal enzyme activities and starch digestibility in goats[J].
Livestock Science, 2014, 162: 134–140.

chinarxiv.org/items/chinaxiv-201711.00911 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00911


[25] FAN Q W, LONG B S, YAN G K, et al. Dietary leucine supplementation
alters energy metabolism and induces slow-to-fast transitions in longissimus
dorsi muscle of weaning piglets[J]. British Journal of Nutrition, 2017, 117(9):
1222–1234.

[26] Yin FG, Kong XF, Liu HJ, et al. Effects of Chinese herbal medicine on
growth performance and serum biochemical parameters in piglets[J]. Journal of
the Graduate School of the Chinese Academy of Sciences, 2007, 24(2): 201–206.

[27] WANG X, QIAO S Y, LIU M, et al. Effects of graded levels of true ileal
digestible threonine on performance, serum parameters and immune function
of 10–25 kg pigs[J]. Animal Feed Science and Technology, 2006, 129(3/4): 264–
278.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00911 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00911

	Effects of Rumen-Protected Leucine on Reproductive Performance, Digestive Performance, and Colostrum Quality in Tan Sheep Ewes (Postprint)
	Abstract
	Full Text
	Effects of Rumen-Protected Leucine on Reproductive Performance, Digestive Performance, and Colostrum Quality of Tan Sheep Ewes
	1.1 Experimental Animals and Diets
	1.2 Feeding Management
	1.3 Measurements
	1.4 Statistical Analysis
	2.1 Effects of RP-Leu on Reproductive Performance of Tan Sheep Ewes
	2.2 Effects of RP-Leu on Nutrient Apparent Digestibility of Tan Sheep Ewes
	2.3 Effects of RP-Leu on Colostrum Quality of Tan Sheep Ewes
	2.4 Effects of RP-Leu on Serum Biochemical Indicators of Tan Sheep Ewes

	References


