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Yaks (Bos grunniens), indigenous to the harsh Qinghai-Tibetan Plateau, are well adapted to the severe
conditions, and graze natural pasture without supplements all year round. Qaidam cattle (Bos taurus),
introduced to the Qinghai-Tibetan Plateau 1,700 years ago, are raised at a lower altitude than yaks,
provided with shelter at night and offered supplements in winter. Based on their different backgrounds,
we hypothesized that yaks have lower energy requirements for maintenance than cattle. To test this
hypothesis, we measured average daily gain (ADG), apparent digestibilities, energy balance, rumen
fermentation parameters, and serum metabolites in growing yaks and cattle offered diets differing in
metabolizable energy (ME) levels (6.62, 8.02, 9.42 and 10.80 MJ/kg), but with the same crude protein
concentration. Six castrated yaks (155 + 5.8 kg) and 6 castrated Qaidam cattle (154 + 8.0 kg), all 2.5 years
old, were used in 2 concurrent 4 x 4 Latin square designs. Neutral and acid detergent fiber digestibilities
were greater (P < 0.05) in yaks than in cattle, and decreased linearly (P < 0.05) with increasing dietary
energy level; whereas, digestibilities of dry matter, organic matter, crude protein and ether extract
increased (P < 0.05) linearly with increasing energy level. The ADG was greater (P < 0.001) in yaks than in
cattle, and increased (P < 0.05) linearly with increasing energy levels. From the regressions of ADG on ME
intake, the estimated ME requirement for maintenance was lower (P < 0.05) in yaks than in cattle (0.43
vs. 0.57 MJ/kg BW®7). The ratios of digestible energy (DE):gross energy and ME:DE were higher
(P < 0.05) in yaks than in cattle, and increased (P < 0.05) linearly with increasing dietary energy level.
Ruminal pH decreased (P < 0.05), whereas concentrations of total volatile fatty acids (VFAs) and
ammonia increased (P < 0.01) with increasing dietary energy level, and all were greater (P < 0.05) in yaks
than in cattle. Concentrations of ruminal acetate and iso-VFAs were greater (P < 0.05), whereas propi-
onate was lower (P < 0.05) in yaks than in cattle; acetate decreased (P < 0.001), whereas butyrate and
propionate increased (P < 0.001) linearly with increasing dietary energy level. Serum concentrations of
B-hydroxybutyrate were lower (interaction, P < 0.001) in yaks than in cattle fed diets of 9.42 and
10.80 MJ/kg, whereas non-esterified fatty acids were greater (interaction, P < 0.01) in yaks than in cattle
fed diets of 6.62 and 8.02 M]/kg. Concentrations of serum leptin and growth hormone were greater in
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yaks than in cattle and serum insulin and growth hormone increased (P < 0.01) linearly with increasing
dietary energy level. Our hypothesis that yaks have lower energy requirements for maintenance than
cattle was supported. This lower requirement confers an advantage to yaks over Qaidam cattle in
consuming low energy diets during the long winter on the Qinghai-Tibetan Plateau.

© 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

1. Introduction

The Qinghai-Tibetan Plateau, called “the third pole”, originated
about 40 million years ago. The high-altitude plateau is character-
ized by severe cold, low air oxygen content, high ultraviolet radi-
ation and strong winds (Zhang et al., 2019). The growing season is
short, approximately 120 d per year, and the forage availability,
especially energy and protein, is insufficient for grazing herbivores
during the long cold season (Long et al., 1999; Guo et al., 2021).

The yak (Bos grunniens), with a population of 17.6 million, of
which 95% are in China (Ma et al, 2013), is indigenous to the
Qinghai-Tibetan Plateau and is raised at an altitude between 3,000
and 6,000 m above sea level (a. s. l.). Yaks are well adapted
anatomically, physiologically and behaviorally to the harsh Qinghai-
Tibetan Plateau. They serve as the symbol of the Tibetan culture and
provide pastoralists with meat and milk for food, hair and hides for
textiles, leather goods and clothing, dung for fuel and capital (Long
et al., 2004). Most yaks are still raised under traditional manage-
ment; namely, grazing on the alpine rangeland without supplements
all year round. Qaidam cattle (Bos taurus) were introduced to the
Qinghai-Tibetan Plateau from the lowlands by Tibetans about 1,700
years ago (China National Commission of Animal Genetic Resources,
2011; Chen et al.,, 2018). There are over 10,000 cattle on the Qinghai-
Tibetan Plateau that are raised at altitudes between 2,600 and
3,600 ma.s. 1, thatis, at lower altitudes than yaks. They also graze on
natural pasture all year round, but are offered supplements and
provided with shelter at night during the cold season (Ren et al.,
2011). Genomic studies indicated that yak and cattle separated
about 4.38 to 5.32 million years ago (Gu et al., 2007).

It was reported that fasting heat production remained stable in
yaks but increased linearly in Qaidam cattle when the altitude
ascended from 2,300 to 4,300 m (Hu et al., 1992). Under traditional
management, yaks generally lose upwards of 25% body weight
during the cold season (Xue et al., 2005). Energy intake is insuffi-
cient because of the sparse natural pasture available in this period,
which would suggest that energy intake is one of the main limiting
factors affecting yak production. However, yaks are able to over-
come the long winter without supplements, whereas Qaidam cattle
cannot. This led us to hypothesize that yaks have lower energy
requirements for maintenance than cattle. To test this hypothesis,
we measured average daily gain (ADG), apparent dry matter,
nutrient and energy digestibilities, rumen fermentation parame-
ters, and serum metabolites in growing yaks and cattle offered diets
differing in energy levels, but with the same crude protein content.

2. Materials and methods
2.1. Study site and animal ethics

The study was conducted at Wushaoling Yak Research Facility of
Lanzhou University (37°12.4'N, 102°51.7’E, 3,154 m a. s. 1, north-
eastern Qinghai-Tibetan Plateau), located in Tianzhu Tibetan
Autonomous County, Wuwei City, Gansu Province, China. The ani-
mal use protocol and experimental procedures in this study were
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approved by the Animal Care and Use Committee of Lanzhou Uni-
versity (No. 201905201).

2.2. Animals and diets

Six yaks (initial body weight, 155 + 5.8 kg) and 6 Qaidam cattle
(initial body weight, 154 + 8.0 kg), all 2.5 years old and castrated,
were selected. The animals were held individually in metabolic
cages (1.0 m x 2.2 m) that allowed for measurements of feed intake
and faecal and urine outputs. The animals were offered 2.75 kg DM
of 4 diets with different ME contents (6.62, 8.02, 9.42, and 10.80 MJ/
kg), but with the same low crude protein content of 74 g/kg DM
(Table 1). The dietary CP content was lower than the requirement
for ruminants of their body size (National Research Council, 2001),
but was similar to the average CP level in the forage of the Qinghai-
Tibetan Plateau during the cold season (Xie et al., 1996). The diet
was a pelleted total mixed ration (Gansu Runmu Biological Engi-
neering Co., Ltd, Jinchang, China), and was offered in 2 equal por-
tions: half at 08:00 and half at 18:00. The 4 diets, from the lowest to
the highest energy yields, provided 0.8, 0.9, 1.0, and 1.1 times
maintenance energy requirement (MEy) of growing cattle
(National Research Council, 2001).

The design of the study was a 2 (animal species) x 4 (energy
levels) factorial arrangement and conducted as 2 concurrent 4 x 4
Latin squares. This study consisted of 4 periods, and each period
included 22 d of dietary adaptation (d 1 to 22) and 6 d of mea-
surement (d 23 to 28). In each period, 4 yaks and 4 cattle each
received one of the diets, and the 2 other yaks and 2 other cattle
received one of the 4 diets, as described by Sarraseca et al. (1988).
The 6 animals of each species received all 4 dietary treatments.

2.3. Experimental procedures and collection of samples

Animals were weighed (Weighbridge, Shanghai Jiujin Elec-
tronics Apparatus Co. Shanghai, China) before morning feeding on
d 1 and 29, and a 100 g sample of each feed was collected on d 23 to
28.

From d 23 to 28, total faeces were collected daily in plastic pans
placed under the rear part of the animals, weighed and 50 g/kg
were placed in self-sealing bags and stored at —20 °C for subse-
quent analyses. Total urine was collected using a funnel-shaped
latex bag (Chinese patent CN201922087846.4; Zhou et al., 2020)
into which urine flowed via a polyethylene tube from the bag to a
plastic container containing 40 mL of 9 mmol/L sulfuric acid solu-
tion to maintain pH < 3.0. Urine volume was measured daily and 5
mL out of 100 mL were stored in 10-mL centrifuge tubes (Jiangsu
Huaxia Ruitai Plastic Industry Co., Ltd, Taizhou, China) at —20 °C for
later analysis.

On d 28, approximately 150 mL rumen fluid was collected using
an oral stomach tube (Anscitech Co. Ltd., Wuhan, China) at 0, 2, 6 h
post morning feeding, of which the first 50 mL was discarded to
minimize saliva contamination. The pH was determined immedi-
ately using a pH meter (PB-10, Sartorius Co., Gottingen, Germany)
and the ruminal fluid was strained through 4 layers of cheesecloth



H. Liu, J. Zhou, A. Degen et al.

Table 1
Ingredients and chemical composition of the experimental diets.

Dietary ME levels, M]/kg

Item 6.62 8.02 9.42 10.80

Ingredients, g/kg DM
Corn straw 850 700 550 400
Corn grain, ground 46.0 117 180 260
Corn husk 11.0 55.0 110 154
Cotton seed meal 27.0 243 21.0 185
Soybean meal 27.0 24.0 21.0 18.0
Wheat bran 24.0 21.0 16.0 7.0
Corn starch — 40.0 72.0 104
Rumen bypass palm oil — 4.00 13.0 20.5
Calcium hydrophosphate — — 2.00 3.00
Sodium chloride 10.0 10.0 10.0 10.0
Commercial premix’ 5.00 5.00 5.00 5.00

Chemical composition, g/kg DM
ME?, MJ/kg 6.62 8.02 9.42 10.8
cp? 74.5 74.4 74.4 74.3
NDF 604 544 486 422
ADF 322 276 232 186
EE 55.7 66.8 80.3 91.6
Calcium 8.70 8.50 7.90 7.00
Phosphorus 240 2.30 240 240
GE, MJ/kg 16.0 16.4 16.9 17.2

ME = metabolizable energy; CP = crude protein; DM = dry matter; NDF = neutral
detergent fiber; ADF = acid detergent fiber; EE = ether extract; GE = gross energy.

! The premix was provided following as per kilogram: vitamin A 3,000,000 IU,
vitamin D 375,000 IU, vitamin E 220 IU, biotin 12 mg, Cu 1 200 mg, Fe 3 000 mg, Mn
2 000 mg, Zn 4 000 mg, I 15 mg, Se 20 mg.

2 The ME was calculated according to the Tables of Feed Composition and
Nutritive Values in China (Xiong et al., 2018).

3 Calculated as nitrogen x 6.25.

and divided into 3 parts: 10 mL was mixed with 10 mL de-
proteinizing solution (100 g metaphosphoric acid and 0.6 g croc-
onic acid per liter) for analysis of volatile fatty acids (VFAs); 5 mL
was added to 5 mL of 0.5 mmol/L hydrochloric acid solution for
measurement of ammonia; and the rest was stored in 50 mL
centrifuge tubes and stored at —80 °C for determination of free
amino acid-N, soluble protein-N and microbial protein-N.

Also, on d 28 before morning feeding, 20 mL jugular blood was
collected in evacuated tubes without anticoagulant (Shanghai
Kehua Bio-engineering Co., Ltd, Shanghai, China), maintained on ice
for 1 h, centrifuged at 3,000 x g for 15 min and the serum was
stored at —80 °C.

2.4. Laboratory analyses

Feed and faecal samples were dried at 65 °C in a forced air oven
(DHG-9123 A, Jiecheng Experimental Apparatus, Shanghai, China)
for 72 h, air-equilibrated overnight, ground to pass through a 1-mm
sieve, and then stored in self-sealing plastic bags. The DM of feed
and faecal samples was determined by drying at 105 °C for 24 hiin a
forced air oven (AOAC, 2006; method 925.45) and organic matter
(OM) was measured as loss in dry weight upon complete com-
bustion of a sample at 550 °C for 6 h in a muffle furnace (AOAC,
2006; method 942.05). Total nitrogen content in feed and faeces
was determined by the micro-Kjeldahl method (K1100, Hanon in-
struments, Jinan, China), and CP was calculated as N x 6.25. Neutral
detergent fiber (NDF) and acid detergent fiber (ADF) were deter-
mined by an automatic fiber analyzer (Ankom Technology, Fairport,
NY, USA) according to Van Soest et al. (1991) and Robertson and Van
Soest (1981), respectively. Sodium sulfate (10 g/L of NDF solution)
and heat-stable a-amylase (Termamyl 120 L, Type L, Novozymes A/
S) were added to the NDF solution. Ether extract (method 920.29)
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was measured by using a reflux system (Ankom XT 15, Fairport, NY,
USA) with petroleum ether at 90 °C for 1 h. Gross energy (GE) of
feed, faeces and urine were determined by bomb calorimetry (6400
Calorimeter, Parr Instrument Company, Moline, Illinois, USA). Urine
samples were prepared as described by Nijkamp (1969).

Ruminal VFA concentrations were measured by gas chroma-
tography (GC) with a capillary column (AT-FFAP: 30 m x 0.32 mm
x 0.5 pm) in a Shimadzu 2010 plus system (Shimadzu Corporation,
Kyoto, Japan) following Liu et al. (2021). Ruminal ammonia-N,
soluble protein-N and microbial protein-N were analyzed by
colorimetry (Spectrophotometer U-2900, Hitachi, Tokyo, Japan)
following Hristov et al. (2001), Oosta et al. (1978), and Bradford
(1976), respectively.

Serum glucose, p-hydroxybutyrate (BHBA), triglycerides, lactic
acid and non-esterified fatty acids (NEFA) were determined by
using an automatic biochemistry analyzer (Hitachi 7160, Hitachi
High-Technologies Corporation, Tokyo, Japan), following the pro-
tocols of commercial kits (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). Insulin, glucagon, leptin, growth hor-
mone, triiodothyronine, thyroxine, norepinephrine and insulin-like
growth factor-1 (IGF-1) were measured by enzyme-linked immune
sorbent assay (ELISA) kits (Lab systems Multiskan MS Type 352,
Helsinki, Finland). The serum metabolites were determined at
Shanghai Bangyi Biological Technology Co., Ltd. (Shanghai, China).

2.5. Calculations and statistical analysis

Apparent digestibilities of the nutrients were determined from
their contents in the DMI and in the DM faecal output.

Enteric methane energy emission was estimated from gross
energy intake (GEI). In cattle it was calculated following Jiao et al.
(2014) as:

Enteric methane energy (MJ/d) = 0.057 x GEI (M]/d) + 1.092.

This equation was generated from 6 to 22 month old Holstein
steers and heifers that were offered a near 55:45 concen-
trate:forage diet. In yaks, it was calculated following Bai et al. (2021)
as:

Enteric methane energy (M]J/d) = 0.040 x GEI (M]/d) + 0.10.

This equation was generated from 8 to 16 month old male and
female yaks that were offered a 60:40 concentrate: forage diet.

The ME requirement for maintenance (MEy,) was estimated by
regressing ADG on daily ME intake (MEI), as ADG is an indirect
measure of energy retention, and the MEI at “ADG = 0” was shown
to estimate energy requirements accurately (Quigley et al., 2014;
Liu et al., 2019). The regression equation took the following form:
ADG (g/d) = a MEI (MJ/kg BW%7> per d) + b.

The data were analyzed according to a 2 x 4 factorial arrange-
ment in 2 concurrent 4 x 4 Latin square designs using the mixed
model procedure of SAS statistical package (SAS version 9.4, SAS
Inst. Inc., Cary, NC). The model was: Y=u +S+E+ (SxE)+P+e,
where Y = dependent variable; u treatment mean value;
S = effect of animal species; E = effect of dietary energy level;
S x E = interaction between animal species and dietary energy
level; P = period; and e = residual error. Dietary energy levels and
animal species were fixed effects, and experimental animals and
periods were random effects. The parameters in rumen fluid, which
were collected serially, were analyzed as repeated measures.
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Polynomial contrasts were used to determine whether the effects
of dietary energy levels on the measured variables were linear or
quadratic. When there was a significant interaction between di-
etary energy levels and animal species, comparison between
animal species at the same dietary energy level was made using a t-
test. A level of P < 0.05 was accepted as significant and
0.05 < P < 0.10 as tended to differ.

3. Results
3.1. Body weight changes and apparent digestibilities

All feed was consumed by both species. The ADG was greater
(P < 0.001) in yaks than in cattle and increased (P < 0.001) linearly
with increasing dietary energy level (Fig. 1). For the 8.02 MJ/kg diet,
ADG in yaks was positive, whereas in cattle it was negative. From
the regression of ADG on ME intake, the estimated ME, in yaks was
0.43 MJ/kg BW®7> per d, which was lower (P < 0.05) than the
0.57 MJ/kg BW®7> per d in cattle (Fig. 2).

The digestibilities of NDF and ADF were greater (P < 0.05) in yaks
than in cattle, and both decreased (P < 0.05) linearly with
increasing dietary energy level (Table 2). There was no difference
(P> 0.10) in apparent digestibilities of DM, OM, CP and EE between
species, and digestibilities of DM, OM, CP and EE increased
(P < 0.05) linearly with increasing dietary energy level.

As designed, GEI increased linearly with increasing dietary en-
ergy level, and there was no difference (P = 0.836) between species
(Table 3). Faecal energy excretion was lower (P < 0.001) in yaks than
in cattle and decreased (P < 0.01) linearly with increasing dietary
energy level; whereas urinary energy output was greater (P < 0.01)
in yaks than in cattle, and also decreased (P < 0.001) linearly with
increasing dietary energy level. Estimated methane energy emis-
sion was lower in yaks than in cattle (P < 0.001), and increased
(P < 0.001) linearly with increasing dietary energy level. The DEI,
ME]I, and ratios of DE:GE and ME:DE were greater (P < 0.05) in yaks
than in cattle and all increased (P < 0.05) linearly with increasing
dietary energy level.

3.2. Rumen fermentation

Ruminal pH and concentration of total VFAs were greater
(P < 0.05) in yaks than in cattle. As dietary energy increased,
ruminal pH decreased (P < 0.01), whereas total VFAs increased
(P < 0.001) linearly (Table 4). As a proportion of total VFAs, acetate
was greater (P < 0.05) but propionate and iso-VFAs were lower
(P < 0.05) in yaks than in cattle, whereas butyrate did not differ
(P 0.979) between species. The concentration of acetate
decreased (P < 0.001), whereas propionate, butyrate and iso-VFAs
increased (P < 0.001) with increasing dietary energy level. The ra-
tio of acetate: propionate was greater (P = 0.017) in yaks than in
cattle, and decreased (P < 0.001) linearly with increasing dietary
energy level. Ruminal ammonia-N concentration was greater
(P = 0.021) in yaks than in cattle, but there was no difference
(P > 0.10) between species in free amino acid-N, soluble protein-N
and microbial protein-N. These ruminal nitrogen sources for both
species all increased (P < 0.001) linearly with increasing dietary
energy level.

3.3. Serum metabolites

Serum glucose concentration did not differ between animal
species (P> 0.10) and decreased (P < 0.001) linearly with increasing
dietary energy level (Table 5). Concentration of serum BHBA was
lower (interaction; P < 0.001) in yaks than in cattle at 9.42 and
10.80 M]J/kg diets, whereas of NEFA was greater (interaction;
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Fig. 1. The average daily gain (ADG) of yaks and Qaidam cattle when offered rations
with different energy levels. The P-value between animal species, energy level, and
their interactions were <0.001, <0.001, and <0.01, respectively. The P-values for linear
and quadratic effects of dietary energy levels were <0.001 and 0.256, respectively.
**P < 0.01, ***P < 0.001.
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Fig. 2. The linear relationship between metabolizable energy intake (MEI) and average
daily gain (ADG) in yaks and Qaidam cattle offered rations with different energy levels.
The regression equations were ADG = 2,844 MEI — 1236 (n = 24, R?> = 0.90) and
ADG = 3,042 MEI — 1,731 (n = 24, R? = 0.88) for yaks and Qaidam cattle, respectively.

P < 0.01) in yaks than in cattle at 6.62 and 8.02 M]/kg diets. As
dietary energy level increased, the concentration of serum tri-
glycerides increased (P < 0.001) and lactic acid tended to increase
(P = 0.088) linearly; these 3 variables did not differ (P > 0.10) be-
tween species.

Concentrations of serum insulin, growth hormone and leptin
increased (P < 0.05) linearly, whereas glucagon decreased (P < 0.01)
and triiodothyronine tended to decrease (P 0.059) with
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Table 2
Apparent digestibilities of dietary nutrients in yaks and Qaidam cattle offered rations with different energy levels.
Item Species Dietary ME levels, MJ/kg SEM P-value'!
6.62 8.02 9.42 10.8 S E SxE E-L E-Q
DM, g/kg Yak 531 548 588 646 234 0.990 <0.01 0.554 <0.001 0.545
Cattle 539 549 611 603
oM, g/kg Yak 581 607 637 684 23.6 0.472 <0.01 0.259 <0.01 0.681
Cattle 588 596 656 611
CP, g/kg Yak 435 461 466 510 11.8 0.383 <0.01 0.994 <0.001 0.709
Cattle 422 445 463 479
EE, g/kg Yak 489 555 581 624 183 0.506 <0.01 0.659 <0.001 0.305
Cattle 499 589 612 610
NDF, g/kg Yak 517 478 482 455 11.7 0.047 <0.01 0.897 0.010 0.796
Cattle 486 479 452 430
ADF, g/kg Yak 476 422 415 382 16.8 0.042 <0.01 0.525 <0.01 0.481
Cattle 426 417 397 350

ME = metabolizable energy; SEM = standard error of the mean; DM = dry matter; OM = organic matter; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber;

ADF = acid detergent fiber.

'S — animal species; E = dietary energy level; E-L = Linear effect of dietary energy levels; E-Q = Quadratic effect of dietary energy levels.

Table 3
Gross, digestible, and metabolizable energy intakes and energy digestibilities in yaks and Qaidam cattle when offered rations with different energy levels.
Item Species Dietary ME levels, MJ/kg SEM P-value'!
6.62 8.02 9.42 10.8 N E SxE E-L E-Q

GEl, MJ/d Yak 441 452 46.3 474 0.14 0.836 <0.001 0.980 <0.001 0.400
Cattle 441 45.2 46.3 474

Faecal energy, MJ/d Yak 19.9 18.7 174 16.3 0.19 <0.001 <0.001 0.631 <0.001 0.642
Cattle 21.1 20.0 18.9 17.7

DE intake, MJ/d Yak 242 26.5 29.0 31.0 0.29 <0.001 <0.001 0.945 <0.001 0.999
Cattle 23.0 252 274 29.7

DE/GE, % Yak 54.9 58.6 62.5 65.5 0.37 <0.001 <0.001 0.755 <0.001 0.825
Cattle 52.1 56.6 59.2 62.6

Urinary energy, MJ/d Yak 1.19 1.08 1.10 1.01 0.03 <0.01 <0.001 0.162 <0.001 0.763
Cattle 1.04 1.02 0.92 0.86

Methane Energy, MJ/d Yak 1.86" 1914 1.95% 1.99" 0.01 <0.001 <0.001 0.041 <0.001 0.692
Cattle 3.60% 3.678 3.73" 3.79°

ME intake, MJ/d Yak 21.2 235 25.9 28.0 0.28 <0.001 <0.001 0.689 <0.001 0.912
Cattle 183 20.5 22.8 250

ME/DE, % Yak 87.2 88.7 89.3 90.3 0.76 <0.001 <0.01 0.658 <0.001 0.712
Cattle 79.3 81.1 82.6 84.3

ME = metabolizable energy; SEM = standard error of the mean; GEI = gross energy intake; DE = digestible energy.
AB Means with different superscript letters in the same column within an item are significantly different from each other (P < 0.05).
1S = animal species; E = dietary energy level; E-L = Linear effect of dietary energy levels; E-Q = Quadratic effect of dietary energy levels.

increasing dietary energy level for yaks and cattle (Table 6). The
concentrations of serum leptin and growth hormone were greater
(P < 0.05) in yaks than in cattle; whereas serum thyroxine,
norepinephrine, and IGF-1 concentrations were not affected
(P > 0.10) by dietary energy levels and did not differ between ani-
mal species.

4. Discussion

4.1. Effect of dietary energy on average daily gain and nutrient
digestion

As expected, ADGs of yaks and Qaidam cattle increased with
increasing dietary energy level, as was reported in previous rumi-
nant studies (Jing et al., 2019; Tomczak et al., 2019). However, the
ADGs were greater in yaks than in cattle across the 4 diets, and was
positive in yaks but negative in cattle at the 8.02 MJ/kg diet.
Digestion of NDF and ADF and ruminal production of total VFAs
were greater, and enteric CH4 emission was lower in yaks than in
cattle; therefore, yaks could allot more energy to growth than
cattle, which could explain the difference in ADG between species.
From the regression of ADG on MEI, the ME,, for Qaidam cattle was
569 Kkj/kg BW®7> per d, which was similar to the 523 KkJ/kg
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BWC7> per d reported for non-lactating cows (Brosh et al., 2004).
The estimated ME,, for yaks in the present study, 435 kJ/kg
BWOC75 per d was considerably lower than that of Qaidam cattle and
was similar to the 458 kj/kg BW%7> per d in 3-year-old yaks re-
ported by Han et al. (1992). Variations in ME, are related mainly to
basal metabolic rate and the efficiency of utilization of energy for
maintenance. Yaks are known for their low metabolic rates (Han
et al., 2002), and this could be the main factor in explaining the
difference in ME, between species. Moreover, Ding et al. (2014)
reported a MEp, of 545 kj/kg BW®”> per d for grazing yaks, which
was greater than the requirement in the present study. The differ-
ence between studies was due to the increased energy expenditure
for grazing when compared to confined conditions (Han et al.,
1989).

Apparent digestibilities of NDF and ADF in the present study
were greater in yaks than in Qaidam cattle, as was observed earlier
(Wang, 2009). Studies showed that the relative abundance of
ruminal fibrolytic bacteria (Shi et al., 2020) and the activity of
fibrolytic enzymes (Zhou et al., 2018) were greater in yaks than in
cattle, which could explain the greater fiber digestion. In addition,
the size of the rumen relative to omasum was found to be larger in
yaks than in lowland cattle, which prolonged the rumen retention
time in yaks (Wiener et al., 2003). The apparent digestibilities of
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Table 4
Rumen fermentation parameters in yaks and Qaidam cattle offered rations with different energy levels.
Item Species Dietary ME levels, M]/kg SEM P-value'
6.62 8.02 9.42 10.8 S E SxE E-L E-Q
pH Yak 734 7.21 7.13 7.01 0.13 0.012 <0.01 0.954 <0.01 0.365
Cattle 7.14 6.97 6.86 6.83
Total VFA, mmol/L Yak 65.0 69.2 70.7 75.2 2.09 <0.01 <0.001 0.396 <0.001 0.758
Cattle 63.1 65.3 68.3 70.1
VFA, mol/100 mol
Acetate Yak 76.9 74.7 734 71.7 0.44 0.042 <0.001 0.973 <0.001 0.194
Cattle 76.1 743 725 71
Propionate Yak 14.1 14.9 153 16.0 0.24 0.029 <0.001 0.678 <0.001 0.878
Cattle 14.5 15.1 16.0 16.8
Butyrate Yak 7.65 8.81 9.63 10.6 0.45 0.979 <0.01 0.725 <0.001 0.052
Cattle 7.91 9.09 9.67 10
Iso-VFA Yak 1.40 1.52 1.72 1.71 0.13 0.048 <0.01 0.254 <0.001 0.337
Cattle 1.49 1.59 1.86 2.24
Acetate:Propionate Yak 5.50 5.01 4.84 4,52 0.09 0.017 <0.001 0.620 <0.001 0.318
Cattle 529 4.97 4.57 4.28
N concentration, mg/100 mL
Ammonia-N Yak 3.46 4.49 6.04 6.87 0.14 0.021 <0.001 0.462 <0.001 0.140
Cattle 3.19 4.08 5.89 6.11
Free amino acid-N Yak 94 14.5 15.9 18.9 0.81 0.255 <0.001 0.647 <0.001 <0.01
Cattle 9.2 14.3 15.8 17.3
Soluble protein-N Yak 43.5 46.0 48.6 51.7 1.12 0.108 <0.01 0.523 <0.001 0.068
Cattle 43.1 454 47.3 484
Microbial protein-N Yak 13.0 14.0 15.4 15.6 0.47 0.809 <0.01 0.342 <0.01 0.047
Cattle 12.9 13.9 15.0 15.1
ME = metabolizable energy; SEM = standard error of the mean; VFA = volatile fatty acid; N = nitrogen.
1S — animal species; E = dietary energy level; E-L = Linear effect of dietary energy levels; E-Q = Quadratic effect of dietary energy levels.
Table 5
Serum metabolite concentrations in yaks and Qaidam cattle offered rations with different energy levels.
Item Species Dietary ME levels, M]/kg SEM P-value'
6.62 8.02 9.42 10.8 S E SxE E-L E-Q
Glucose, mmol/L Yak 534 5.14 5.04 4.87 0.11 0.140 <0.01 0.591 <0.001 0.427
Cattle 517 5.06 4.89 4.76
BHBA, pmol/L Yak 286 264 2534 2384 8.4 <0.01 0.331 0.003 0.163 0.273
Cattle 270 275 2798 2928
Triglyceride, mmol/L Yak 1.80 1.94 2.07 2.11 0.07 0.542 0.005 0.818 <0.001 0.950
Cattle 1.83 2.01 2.02 217
Lactic acid, mmol/L Yak 1.17 1.25 1.34 1.44 0.1 0.563 0.097 0.891 0.088 0.983
Cattle 1.11 1.18 1.23 1.34
NEFA, mmol/L Yak 0.74® 0.728 0.71 0.69 0.02 0.370 0.796 0.037 0.709 0.505
Cattle 0.67% 0.68" 0.72 0.72

ME = metabolizable energy; SEM = standard error of the mean; BHBA = B-hydroxybutyrate; NEFA = non-esterified fatty acids.
AB Means with different superscript letters in the same column within an item are significantly different from each other (P < 0.05).
1S — animal species; E = dietary energy level; E-L = Linear effect of dietary energy levels; E-Q = Quadratic effect of dietary energy levels.

NDF and ADF decreased linearly in both yaks and cattle as the di-
etary energy increased, which was consistent with a study in Ti-
betan sheep (Zhou et al., 2019), but not with crossbred steers (Hales
et al., 2014). In the current study, the digestibilities of DM, OM, CP
and EE increased linearly with increasing dietary energy level,
which was generally in agreement with results in steers (Navarrete
et al., 2017), dairy cows (Su et al., 2017), and sheep (Jing et al., 2019).
The reason could be attributed to the increase in the proportion of
non-fibrous carbohydrates (NFC), which increased with increasing
dietary energy level. Dietary NFC is a more fermentable substrate
than fibrous matter and, ultimately, improves the digestibilities of
nutrients.

4.2. Effect of dietary energy on energy balance

As designed, GEI increased with increasing dietary energy level
and there was no difference between bovine species. However,
faecal energy output was lower and, consequently, DE intake was
greater in yaks than in cattle. As the dietary energy level increased,
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faecal energy output decreased, which was due to the reduced di-
etary NDF content and the increased apparent digestibility, as was
reported earlier in cattle (Hales et al., 2014). It was reported that
urinary energy excretion was correlated positively with urinary N
concentration because urea was the primary energy-generating
component in urine (Blaxter et al., 1962; Joseph et al., 1964).
However, both urinary N and urea excretion were lower in yaks
than in cattle (14.30 g/d vs. 16.65 g/d, unpublished data), whereas
urinary energy output was greater. This would suggest that there
were other components in urine of yaks, besides urea, that were of
greater energy content than in cattle. Urinary energy excretion
increased with negative energy balance in the present study, which
agreed with a study on heifers (Hemphill et al., 2018). The negative
balance resulted in the mobilization of body energy, which
increased energy content of the urine.

In the present study, enteric methane energy emission was esti-
mated from prediction equations for cattle (Jiao et al., 2014) and yaks
(Bai et al., 2021), which were based on GEI. Methane energy emission
was reported to be lower in yaks than in cattle in both in vivo (Ding
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Table 6
Serum hormone concentrations in yaks and Qaidam cattle offered rations with different energy levels.
Item Species Dietary ME levels, M]/kg SEM P-value'
6.62 8.02 9.42 10.8 S E SxE E-L E-Q

Insulin, mIU/L Yak 16.4 17.4 179 20.1 1.07 0.827 <0.01 0.512 <0.01 0.322
Cattle 16.4 175 171 194

Glucagon, pg/mL Yak 462 398 376 356 25.9 0.187 <0.01 0.591 <0.01 0.358
Cattle 419 369 361 342

Leptin, ng/mL Yak 17.3 19.7 18.5 17.0 0.99 <0.01 <0.001 0.450 0.997 0.146
Cattle 149 15.5 174 14.8

Growth hormone, ng/mL Yak 14.2 15.0 15.2 15.6 0.86 <0.01 <0.01 0.159 <0.01 0.396
Cattle 12.0 12.0 13.1 14.6

Triiodothyronine, nmol/L Yak 111 104 10.0 9.7 0.56 0.848 0.082 0.512 0.059 0.824
Cattle 109 10.6 10.2 9.8

Thyroxine, nmol/L Yak 47.6 43.7 48.7 47.6 4.32 0.970 0.298 0.263 0.680 0.950
Cattle 47.1 50.4 47.8 42.6

Norepinephrine, ng/mL Yak 4.70 5.21 4.76 4.48 0.35 0.456 0.359 0.791 0.477 0.344
Cattle 442 4.96 4.61 442

IGF-1, ng/mL Yak 304 287 352 334 21.0 0.986 0.205 0.384 0.183 0.916
Cattle 315 320 319 323

ME = metabolizable energy; SEM = standard error of the mean; IGF-1 = insulin-like growth factor-1.
'S — animal species; E = dietary energy level; E-L = Linear effect of dietary energy levels; E-Q = Quadratic effect of dietary energy levels.

etal.,, 2010; Bai et al., 2021) and in vitro studies (Zhang et al., 2016; Mi
et al.,, 2017). In ruminants, methane is produced mainly by meth-
anogenic bacteria in the reduction reaction of carbon dioxide and
hydrogen that arises from rumen fermentation (Janssen and Kris,
2008). Yaks harbour a different composition and greater diversity of
ruminal methanogen bacteria than Qaidam cattle. For example, the
relative abundance of the methylotrophic methanogens in the class
Thermoplasmata is greater in yaks than in cattle. This is of particular
importance, as this class is characterized by its low methane emission
(Huang et al., 2012, 2016; Zhang et al., 2016), which could explain the
lower enteric methane emission in yaks than in Qaidam cattle. The ME
intake was greater in yaks than cattle, which was attributed mostly to
the lower excretion of faecal energy as a consequence of the greater
digestion of fibers and production of VFAs in yaks than in cattle. In the
present study, the ratio of ME:DE ranged from 0.87 to 0.90 for yaks,
which was higher than the generally accepted value of 0.82 (National
Research Council, 1976; Garrett, 1980; NASEM, 2016); but was similar
to the coefficient reported for Tibetan sheep (Jing et al.,, 2019). The ratio
for Qaidam cattle was lower than for yaks and ranged from 0.79 to
0.84. The ME:DE ratio depends on energy loss in enteric CH4 and urine
energy loss. The energy loss due to CH4 emission was estimated to be
lower in yaks than in cattle, which could explain the higher ME:DE
ratios in yaks. The ratio of ME:DE increased as the proportion of di-
etary concentrate increased, as was also reported in growing beef
steers (Fuller et al., 2020; Jennings et al., 2018; Hales et al., 2013, 2014).

4.3. Effect of dietary energy on rumen fermentation parameters

Ruminal pH ranged from 7.01 to 7.34 for yaks and 6.83 to 7.14 for
Qaidam cattle. Thus, cattle were within the optimal range of 6.2 to
7.2 for ruminants (Van Soest, 2018), whereas yaks were within or
slightly above. Ruminal pH is affected mainly by the concentration
of VFAs and ammonia and by saliva secretion. Zhou et al. (2017)
reported that the amount of endogenous urea recycled into the gut,
which is then hydrolyzed to ammonia, was greater in yaks than
cattle. In addition, in the RNA transcriptomes of the ruminal
epithelium, yaks upregulated 36 genes associated with VFA trans-
port and absorption compared to cattle (Zhang et al., 2016), which
enhanced VFA absorption and reduced VFA accumulation. These
differences between species could explain, at least in part, the
higher ruminal pH in yaks than in cattle. In the present study,
ruminal pH decreased linearly with increasing energy level because
the concentration of ruminal VFA increased, and it is likely that
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saliva secretion lessened as the ratio of concentrate to roughage
increased (Lu et al., 2019; Wang et al., 2019).

More than 70% of the energy supplied to the ruminant is provided
by VFAs, which originate mainly from dietary carbohydrates (Zanton
and Heinrichs, 2009). When consuming the same diet, yaks pro-
duced greater concentrations of ruminal VFAs than cattle in vivo
(Huang et al., 2012) and also in vitro (Zhang et al., 2016) when the
same substrate was used with rumen fluid. A previous study, using
ultra-deep metagenomic sequencing, demonstrated that the VFA-
yielding pathways of rumen microbial genes were greater in yaks
than in cattle (Zhang et al., 2016). Moreover, the yak rumen micro-
biome possesses enriched enzymes for the production of VFAs in the
carbon fixation pathways of prokaryotes (Zhang et al., 2016; Jing
et al., 2022). These findings could explain, at least in part, the
greater ruminal VFA concentration in yaks than in cattle. In this
study, ruminal VFA concentration increased with increasing dietary
energy due to the increase in NFC, which is in agreement with
previous studies in ruminants (Jing et al., 2020; Liu et al., 2021). It
was reported that acetate production was associated with fiber
digestion, whereas propionate was related to dietary concentrate
intake (Dérea et al., 2020). Consequently, the proportion of acetate
decreased, whereas propionate and butyrate increased as fiber
content decreased with increasing dietary energy level. Furthermore,
the greater proportion of acetate in yaks than in cattle could be
explained by the higher fiber digestibility in yaks. Zhou et al. (2018)
also reported a greater proportion of acetate in yaks than in Qaidam
yellow cattle when offered forage-concentrate diets differing in ni-
trogen concentration. The reason was likely related to a greater
abundance of fibrolytic bacteria, such as Ruminococca-
ceae_NK4A214_group, uncultured_bacterium_f_Muribaculaceae, and
Christensenellaceas_R-7_group, harboured in the rumen of yaks than
in cattle (Guo et al.,, 2020; Hu et al,, 2021). However, the relative
abundance of Succcinivibrionaceae_UCG-001, considered predomi-
nantly as an amylolytic bacteria, was greater in cattle than in yaks,
which resulted in a higher concentration of propionate in cattle than
in yaks (Hu et al., 2021; Jing et al., 2022). The iso-VFAs, derived from
branched amino acids (Apajalahti et al., 2019), increased with
increasing dietary energy level. This suggested that there was more
degradable CP in the rumen as dietary energy increased, which was
consistent with the CP digestibility. The concentration of ruminal iso-
VFAs was lower in yaks than in cattle, which suggested that there
were greater amounts of branched amino acids deaminated in cattle
than in yaks.
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Ruminal ammonia-N is the major N source for the growth of
microbial bacteria, especially for Ruminobacter amylopbilus and
Ruminococcus ablus (Kim et al., 2014). The optimal concentration of
ruminal ammonia-N for microbial growth was reported to range
from 5 to 25 mg/100 mL (Preston and Leng, 1987). In the present
study, ammonia-N concentrations were below the threshold in
both yaks and cattle for the 6.62 and 8.02 MJ/kg diets, which sug-
gested that microbial growth and activities were inhibited. How-
ever, ruminal ammonia concentration was greater in yaks than in
cattle, which indicated higher microbial protein synthesis in yaks. A
previous study demonstrated that an increase in the degree of
synchronization in the release of energy and nitrogen into the
rumen led to a higher level of microbial protein synthesis, which
was accompanied by an increase in Fibrobacter and Ruminobacter
and a decrease in Klebsiella and Succinivibrio (Zhang et al., 2020). It
was reported that yaks harbour a greater relative abundance of
Fibrobacter and Ruminobacter (Mi et al., 2017; Huang et al., 2021)
and a lower relative abundance of Succinivibrio (Hu et al., 2021),
which implies a higher level of microbial protein synthesis in yaks
than in cattle. As the dietary energy content increased, ruminal
concentrations of free amino acid-N, soluble protein-N and mi-
crobial protein-N increased linearly, which may be related to the
increased crude protein digestibility and more nitrogen available
for rumen bacteria (Zhou et al., 2019).

4.4. Effect of dietary energy on serum metabolite concentrations

Blood metabolite indices reflect the metabolic and health status
of livestock. Serum glucose concentrations in the present study
were within the normal range in both yaks (3.9 to 5.3 mmol/L;
Wang, 2015) and cattle (4.3 to 6.3 mmol/L; Liu et al., 2015). Previous
studies showed that a decline in serum glucose concentration
occurred due to insufficient energy intake (Jing et al., 2019; Wang
et al., 2020). However, serum glucose concentration decreased
with increasing dietary energy level in yaks and Qaidam cattle,
although ADG increased. This could be explained by the increase in
concentration of serum insulin and the decrease in the concen-
tration of glucagon with increasing dietary energy level. Serum
NEFA concentration reflects the mobilization of fat, whereas BHBA
reflects the completeness of oxidization of fatty acids in the liver
(De Koster and Opsomer, 2013). Triglycerides, a vital energy source
for cells synthesized by NEFA, and glycerol (Hagenfeldt et al., 1975)
increased with increasing dietary energy level in the present study,
which was in agreement with findings in dairy cattle (Canfield and
Butler, 1990). Mobilization of NEFA from adipose tissue increases
the NEFA concentrations in blood when energy intake is below
maintenance requirements in ruminants (Bell, 1995). In the present
study, serum NEFA concentrations were greater in yaks than in
cattle at 6.62 and 8.02 M]/kg diets, and then decreased in yaks but
increased in cattle with an increase in dietary energy level, which
was similar to a study in Tibetan sheep and small tailed Han sheep
(Jing et al., 2019). It is likely that Qaidam cattle mobilized more fat
than yaks initially and then mobilized protein to provide the
required energy. Serum BHBA concentration, which increases with
the oxidization of fatty acids and the accumulation of ketone bodies
in ruminants, has been used to assess the energy status of livestock
(Grelet et al., 2019). In the present study, yaks had lower concen-
trations of serum BHBA than cattle at diets of 9.42 and 10.80 MJ/kg.
A concentration of serum BHBA between 0.8 and 1.5 mmol/L is
considered as moderately ketotic and at > 1.6 mmol/L as severely
ketotic in ewes (Pichler et al., 2014). In present study, serum BHBA
ranged from 0.24 to 0.29 mmol/L for yaks and between 0.27 and
0.29 mmol/L for cattle, which were all well below subclinical levels
of ketosis, although there was a loss in body weight in the low
energy level diets.
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Leptin inhibits fat synthesis and stimulates energy expenditure
(Myers et al., 2008), and was correlated positively with dietary
energy level (Chelikani et al., 2009) and ADG (Nkrumah et al,,
2005). In the present study, serum leptin concentration was
greater in yaks than in cattle, which was consistent with greater
ADG and lower fat synthesis in yaks than in cattle. Growth hor-
mone, a pivotal hormone that regulates growth performance in
growing animals, was correlated positively with ADG in yaks
(Sarkar et al., 2007). The serum GH concentration was greater in
yaks than in cattle and increased linearly with increasing dietary
energy level, which was consistent with the changes in ADG in the
2 species.

5. Conclusions

The ADG, NDF and ADF digestibilities, and the ratios of DE:GE
and ME:DE were greater in yaks than in cattle. Furthermore, total
ruminal VFA concentration, serum leptin and growth hormone
concentrations were also greater in yaks than in cattle, but the
estimated energy requirements for maintenance were lower in
yaks than in Qaidam cattle. We concluded that yaks could utilize
low energy diets better than cattle and that this ability confers an
advantage to yaks over cattle during the long winter on the
Qinghai-Tibetan Plateau when only sparse forage of poor quality is
available.

Author contributions

Hu Liu: Conceptualization, Methodology, Investigation, Writing
- Original draft preparation. Jianwei Zhou: Resources, Writing —
Review and Editing, Funding acquisition. Allan Degen: Writing —
Review and Editing. Hongshan Liu: Investigation. Xuliang Cao:
Investigation. Lizhuang Hao: Resources. Tao Ran: Writing — Re-
view and Editing. Zhanhuan Shang: Project administration. Ruijun
Long: Project administration, Supervision, Investigation, Resources,
Funding acquisition.

Declaration of competing interest

We declare that we have no financial and personal relationships
with other people or organizations that can inappropriately influ-
ence our work, and there is no professional or other personal in-
terest of any nature or kind in any product, service and/or company
that could be construed as influencing the content of this paper.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (32072757; U21A20250) and the Key Research
and Development Program for International Cooperation of Gansu
Province, China (21YF5WA117), Key Research and Development
and Conversion Program of Qinghai Province, China (2018-SF-145).

References

Apajalahti ], Vienola K, Raatikainen K, Holder V, Moran CA. Conversion of branched-
chain amino acids to corresponding isoacids-An in vitro tool for estimating
ruminal protein degradability. Front Vet Med 2019;6:311.

AOAC. Official methods of analysis. 18th ed. VA: Assoc. Off. Anal Chem Arlington;
2006.

Bai BQ, Han XD, Degen AA, Hao LZ, Huang YY, Niu JZ, et al. Enteric methane
emission from growing yak calves aged 8 to 16 months: predictive equations
and comparison with other ruminants. Anim Feed Sci Technol 2021:115088.

Bell AW. Regulation of organic nutrient metabolism during transition from late
pregnancy to early lactation. ] Anim Sci 1995;73:2804—19.

Bradford MM. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal Bio-
chem 1976;72:248—-54.



H. Liu, J. Zhou, A. Degen et al.

Canfield RW, Butler WR. Energy balance and pulsatile LH secretion in early post-
partum dairy cattle. Domest Anim Endocrinol 1990;7:323—30.

Chelikani PK, Ambrose DJ, Keisler DH, Kennelly JJ. Effects of dietary energy and
protein density on plasma concentrations of leptin and metabolic hormones in
dairy heifers. ] Dairy Sci 2009;92:1430—41.

Chen NB, Cai YD, Chen QM, Li R, Wang K, Huang YZ, et al. Whole-genome rese-
quencing reveals world-wide ancestry and adaptive introgression events of
domesticated cattle in East Asia. Nat Commun 2018;9:2337.

China National Commission of Animal Genetic Resources. Animal genetic Re-
sources in China bovines. Beijing: China Agriculture Press; 2011. p. 198—9 [in
Chinese)].

Ding LM, Wang YP, Brosh A, Chen JQ, Gibb MJ, Shang ZH, et al. Seasonal heat
production and energy balance of grazing yaks on the Qinghai-Tibetan plateau.
Anim Feed Sci Technol 2014;198:83—93.

Ding XZ, Long RJ, Kreuzer M, Mi JD, Yang B. Methane emissions from yak (Bos
grunniens) steers grazing or kept indoors and fed diets with varying forage:
concentrate ratio during the cold season on the Qinghai-Tibetan Plateau. Anim
Feed Sci Technol 2010;162:91-8.

De Koster JD, Opsomer G. Insulin resistance in dairy cows. Vet Clin North Am Food
Anim Pract 2013;29:299—-322.

Dérea JRR, Gouvéa VN, Agostinho Neto LRD, Da Silva SC, Brink GE, Pires AV, et al.
Beef cattle responses to pre-grazing sward height and low level of energy
supplementation on tropical pastures. ] Anim Sci 2020;98:1—11.

Fuller AL, Wickersham TA, Sawyer JE, Freetly HC, Brown-Brandl TM, Hales KE. The
effects of the forage-to-concentrate ratio on the conversion of digestible energy
to metabolizable energy in growing beef steers. ] Anim Sci 2020;98:8.

Garrett WN. Energy utilization by growing cattle as determined in 72 comparative
slaughter experiments. Energy Metabolism 1980:3—7.

Grelet C, Vanlierde A, Hostens M, Foldager L, Salavati M, Ingvartsen KL, et al. Po-
tential of milk mid-IR spectra to predict metabolic status of cows through
blood components and an innovative clustering approach. Animal 2019;13:
649—58.

Guo N, Wu QF, Shi FY, Niu JH, Zhang T, Degen AA, et al. Seasonal dynamics of diet-
gut microbiota interaction in adaptation of yaks to life at high altitude. npj
Biofilms Microbi 2021;7:38.

Guo W, Zhou M, Ma T, Bi YL, Wang WW, Zhang Y, et al. Survey of rumen microbiota
of domestic grazing yak during different growth stages revealed novel matu-
ration patterns of four key microbial groups and their dynamic interactions.
Anim Microbiome 2020;2:23.

Gu ZL, Zhao XB, Li N, Wu CX. Complete sequence of the yak (Bos grunniens) mito-
chondrial genome and its evolutionary relationship with other ruminants. Mol
Phylogenet Evol 2007;42:248—55.

Hagenfeldt L, Hellstrom K, Wahren ]. Triglyceride, free fatty acid and carbohydrate
metabolism in hyperlipaemic (type IV) and normolipaemic subjects on carbo-
hydrate- of fat-rich diets. Clin Sci Mol Med 1975;48:247—57.

Hales KE, Cole NA, MacDonald JC. Effects of increasing concentrations of wet dis-
tillers grains with solubles in steam-flaked, corn-based diets on energy meta-
bolism, carbon-nitrogen balance, and methane emissions of cattle. ] Anim Sci
2013;91:819-28.

Hales KE, Brown-Brandl TM, Freetly HC. Effects of decreased dietary roughage
concentration on energy metabolism and nutrient balance in finishing beef
cattle. ] Anim Sci 2014;92:264—71.

Han XT, Hu LH, Xie AY. Study on energy metabolism under different volume of
growing yak and yellow cattle. Qinghai ] Anim Vet Sci 1989;5:8—10 [In
Chinese)].

Han XT, Liu SJ, Bi XC, Wang WB, Xie AY, Hu LH. Study on zone of thermoneutrality
and regularity of heat production change beyond zone of the fasted growing
yak. Qinghai ] Anim Vet Sci 1992;22:18—20 [In Chinese)].

Han XT, Xie AY, Bi XC, Liu SJ, Hu LY. Effects of high altitude and season on fasting
heat production in the yak Bos grunniens or Poephagus grunniens. Br ] Nutr
2002;88:189—-97.

Hemphill CN, Wickersham TA, Sawyer JE, Brown-Brandl TM, Freetly HC, Hales KE.
Effects of feeding monensin to bred heifers fed in a drylot on nutrient and
energy balance. ] Anim Sci 2018;96:1171-80.

Hristov AN, Ivan M, Rode LM, McAllister TA. Fermentation characteristics and
ruminal ciliate protozoal population in cattle fed medium- or high-concentrate
barley-based diets. ] Anim Sci 2001;79:515—24.

Hu LH, Xie AY, Han XT, Liu S], Bi XC. Study on the fasting metabolism of growing
yaks at different altitude. Chinese Qinghai J Anim Vet Sci 1992;22:1-5 [In
Chinese)].

Hu CS, Ding LM, Jiang CX, Ma CF, Liu BT, Li DL, et al. Effects of management, dietary
intake, and genotype on rumen morphology, fermentation, and microbiota, and
on meat quality in yaks and cattle. Front Nutr 2021;8:755255.

Huang XD, Tan HY, Long R], Liang JB, Wright ADG. Comparison of methanogen di-
versity of yak (Bos grunniens) and cattle (Bos taurus) from the Qinghai-Tibetan
plateau, China. BMC Microbiol 2012;12:237.

Huang XD, Martinez-Fernandez G, Padmanabha ], Long RJ, Denman SE,
McSweeney CS. Methanogen diversity in indigenous and introduced ruminant
species on the Tibetan Plateau. Archaea 2016;8:1-10.

Huang XD, Denman SE, Mi JD, Padmanabha ], Hao LZ, Long R], et al. Differences in
bacterial diversity across indigenous and introduced ruminants in the Qinghai
Tibetan plateau. Anim Prod Sci 2021:e33306.

Janssen PH, Kris M. Structure of the archaeal community of the rumen. Appl En-
viron Microbiol 2008;74:3619—25.

85

Animal Nutrition 12 (2023) 77—86

Jennings JS, Meyer BE, Guiroy PJ, Cole NA. Energy costs of feeding excess
protein from corn-based by-products to finishing cattle. J Anim Sci
2018;96:653—69.

Jing XP, Zhou JW, Wang W], Degen AA, Guo YM, Kang JP, et al. Tibetan sheep are
better able to cope with low energy intake than small-tailed Han sheep due to
lower maintenance energy requirements and higher nutrient digestibilities.
Anim Feed Sci Technol 2019;254:114200.

Jing XP, Wang W], Degen AA, Guo YM, Kang JP, Liu PP, et al. Tibetan sheep have a
high capacity to absorb and to regulate metabolism of SCFA in the rumen
epithelium to adapt to low energy intake. Br J Nutr 2020;123:721-36.

Jing XP, Ding LM, Zhou JW, Huang XD, Degen A, Long R]. The adaptive strategies of
yaks to live in the Asian highlands. Anim Nutr 2022;9:249-58.

Jiao HP, Yan TH, Wills DA, Carson AF, Mcdowell DA. Development of prediction
models for quantification of total methane emission from enteric fermentation
of young Holstein cattle at various ages. Agric Ecosyst Environ 2014;183:160—6.

Kim JN, Henriksen ED, Cann IK, Mackie RI. Nitrogen utilization and metabolism in
Ruminococcus albus 8. Appl Environ Microbiol 2014;80:3095—102.

Liu FY, Hu L, Li YX, Liu SM, Tang YP, Wu TY. Changes of serum levels of leptin and
nutrients in yak and cattle on Qinghai-Tibetan plateau. Acta Nutr Sin 2015;37:
503-5.

Liu H, Chen Y, Li Y, Li Y, Lai C, Piao X, Jv Milgen, Wang F. Metabolizable energy
requirement for maintenance estimated by regression analysis of body weight
gain or metabolizable energy intake in growing pigs. Asian-Australas ] Anim Sci
2019;32(9):1397—406.

Liu H, Yang G, Degen AA, Ji KX, Jiao D, Liang YP, et al. Effect of feed level and
supplementary rumen protected lysine and methionine on growth perfor-
mance, rumen fermentation, blood metabolites and nitrogen balance in
growing Tan lambs fed low protein diets. Anim Feed Sci Technol 2021:115024.

Long RJ, Apori SO, Castro FB, @rskov ER. Feed value of native forages of the Tibetan
Plateau of China. Anim Feed Sci Technol 1999;80:101—13.

Long RJ, Dong SK, Hu ZZ, Shi JJ, Dong QM, Han XT. Digestibility, nutrient balance and
urinary purine derivative excretion in dry cows fed oat hay at different levels of
intake. Livest Prod Sci 2004;88:27—32.

Lu ZY, Xu ZH, Shen ZM, Tian YC, Shen H. Dietary energy level promotes rumen
microbial protein synthesis by improving the energy productivity of the
ruminal microbiome. Front Microbiol 2019;10:847.

Ma ZJ, Zhong JC, Han JL, Xu JT, Liu ZN, Bai WL. Research progress on molecular
genetic diversity of the yak (Bos grunniens). Hereditas 2013;35:151-60 [In
Chinese)].

Mi JD, Zhou JW, Huang XD, Long R]. Lower methane emissions from yak compared
with cattle in Rusitec fermenters. PLoS One 2017;12:e0170044.

Myers MG, Cowley MA, Miinzberg H. Mechanisms of leptin action and leptin
resistance. Annu Rev Physiol 2008;70:537.

NASEM. The national academies of sciences, engineering, and medicine. Nutrient
requirements of beef cattle. 8th rev. ed. Washington, DC: Natl Acad Press; 2016.

National Research Council. Nutrient requirements of beef cattle. 5th rev. Wash-
ington, DC: Natl Acad Press; 1976.

National Research Council. Nutrient requirements of beef cattle. 7th rev. Wash-
ington, DC: Natl Acad Press; 2001.

Navarrete JD, Montano MF, Raymundo C, Salinas-Chavira ], Torrentera N, Zinn RA.
Effect of energy density and virginiamycin supplementation in diets on growth
performance and digestive function of finishing steers. Asian-Australas J Anim
Sci 2017;30:1396—404.

Nijkamp H. Determination of the urinary energy-and carbon output in balance
trials. Z Tierphysiol Tierernahr 1969;25:1-9.

Nkrumah JD, Li C, Yu ], Hansen C, Keisler DH, Moore SS. Polymorphisms in the
bovine leptin promoter associated with serum leptin concentration, growth,
feed intake, feeding behavior, and measures of carcass meritl. ] Anim Sci
2005;83:20-8.

Oosta GM, Mathewson NS, Catravas GN. Optimization of Folin-Ciocalteu reagent
concentration in an automated Lowry protein assay. Anal Biochem 1978;89:31—4.

Pichler M, Damberger A, Schwendenwein I, Gasteiner ], Drillich M, Iwersen M.
Thresholds of whole-blood B-hydroxybutyrate and glucose concentrations
measured with an electronic hand-held device to identify ovine hyper-
ketonemia. ] Dairy Sci 2014;97:1388—99.

Preston TR, Leng RA. Matching ruminant production system with available Resources
in the tropical and sub-tropics. Armidale, Australia: Penambul Books; 1987.
Quigley SP, Dahlanuddin Marsetyo, Pamungkas D, Priyanti A, Saili T, Mclennan SR,
Poppi DP. Metabolisable energy requirements for maintenance and gain of

liveweight of Bali cattle (Bos javanicus). Anim Prod Sci 2014;54:1311—6.

Ren ZL, Zhao YL, Wang JZ, Li YX, Chamba YZ. Isolation and culture of fetal fibroblasts
of Tibetan yellow cattle. Anim Husb Feed Sci 2011;3(3—5):8 [In Chinese)].
Robertson ]B, Van Soest PJ. The detergent system of analysis and its application to
human foods. In: James WP, Theander O, editors. The analysis of dietary fiber in

food. New York: Marcel Dekker; 1981. p. 23—158.

Sarkar M, Nandankar UA, Duttaborah BK, Das S, Bhattacharya M, Prakash BS. Plasma
growth hormone concentrations in female yak (Poephagus grunniens L.) of
different ages: relations with age and body weight. Livest Sci 2007;115:313—8.

Sarraseca A, Milne E, Metcalf MJ, Lobley GE. Urea recycling in sheep: effects of
intake. Br ] Nutr 1988;79:79—88.

Shi FY, Guo N, Degen AA, Niu JH, Wei HY, Jing XP, et al. Effects of level of feed intake
and season on digestibility of dietary components, efficiency of microbial
protein synthesis, rumen fermentation and ruminal microbiota in yaks. Anim
Feed Sci Technol 2020;259:114359.



H. Liu, J. Zhou, A. Degen et al.

Su H, Akins MS, Esser NM, Ogden R, Coblentz WK, Kalscheur KF, et al. Effects of
feeding alfalfa stemlage or wheat straw for dietary energy dilution on nutrient
intake and digestibility, growth performance, and feeding behavior of Holstein
dairy heifers. ] Dairy Sci 2017;100:7106—15.

Tomczak DJ, Lockard CL, Jennings JS, Richeson JT. Performance, rumination, and
rumen pH responses to different dietary energy density and feed management
strategies in auction-derived feedlot cattle. ] Anim Sci 2019;97:4682—90.

Van Soest PJ, Robertson ]JB, Lewis BA. Methods for dietary fiber, neutral detergent
fiber, and nonstarch polysaccharides in relation to animal nutrition. ] Dairy Sci
1991;74:3583-97.

Wang HB, He Y, Li H, Wu F, Qiu QH, Niu WJ, et al. Rumen fermentation, intra-
muscular fat fatty acid profiles and related rumen bacterial populations of
Holstein bulls fed diets with different energy levels. Appl Microbiol Biotechnol
2019;103:4931—42.

Wang HC. Urinary purine derivative excretion as method for estimation of rumen
microbial protein production of yak in Qing-hai Tibetan Plateau. Lanzhou
University; 2009 [Doctoral degree thesis Dissertation].

Wang YC, Wang QY, Dai CP, Li JZ, Huang PF, Li YL, et al. Effects of dietary energy on
growth performance, carcass characteristics, serum biochemical index, and
meat quality of female Hu lambs. Anim Nutr 2020;6:499—506.

Wang ZH. Effects of dietary energy concentration on performance, rumen
fermentation and intramuscular fat metabolism in yaks fed indoors. Sichuan
Agricultural University; 2015 [Master Degree Thesis Dissertation].

Wiener G, Han JL, Long R]. The yak. FAO regional office for asia and the pacific:
bangkok, Thailand. 2003.

86

Animal Nutrition 12 (2023) 77—86

Xie AY, Chai ST, Wang WB, Xue B, Liu S], Zhao XP, et al. The herbage yield and the
nutrient variation in mountain meadow. Qinghai ] Anim Sci Vet Med 1996;26:
8—10 [In Chinese)].

Xiong BH, Luo QR, Zheng SS, Zhao YG. Tables of feed compostion and nutritive
values in China, 29th ed. China Feed 2018;22:81—6 [In Chinese)].

Zanton GI, Heinrichs AJ. Digestion and nitrogen utilization in dairy heifers limit-fed a low
or high forage ration at four levels of nitrogen intake. ] Dairy Sci 2009;92:2078—94.

Zhang ], Zheng N, Shen W], Zhao SG, Wang ]JQ. Synchrony degree of dietary energy
and nitrogen release influences microbial community, fermentation, and pro-
tein synthesis in a rumen simulation system. Microorganisms 2020;8:231.

Zhang TC, Qiao Q, Novikova PY, Wang Q, Yue JP, Guan YL, et al. Genome of Cruci-
himalaya himalaica, a close relative of Arabidopsis, shows ecological adaptation
to high altitude. P Natl Acad Sci 2019;116:7137—46.

Zhang ZG, Xu DM, Wang L, Hao JJ, Wang JF, Zhou X, et al. Convergent evolution of
rumen microbiomes in high-altitude mammals. Curr Biol 2016;26:1873—9.
Zhou JW, Cao XL, Liu H, Wang HC, Li FD. A method to collect urine of livestock. 2020.

CN211020512U.

Zhou JW, Liu H, Zhong CL, Degen AA, Yang G, Zhang Y, et al. Apparent digestibility,
rumen fermentation, digestible enzyme and urinary purine derivatives in yaks
and cattle offered forage-concentrate diets differing in nitrogen concentration.
Livest Sci 2018;208:14—-21.

Zhou JW, Wang WJ, Jing XP, Degen AA, Guo YM, Kang ]P, et al. Effect of dietary on
digestibilities, rumen fermentation, urinary purine derivatives and serum me-
tabolites in Tibetan and small-tailed Han sheep. ] Anim Physiol Anim Nutri
2019;103:977—-87.



	cover-outside
	cover-inside
	01-fm1
	02-80000460
	03-658
	Reducing dietary sodium of dairy cows fed a low-roughages diet affect intake and feed efficiency, but not yield
	1. Introduction
	2. Materials and methods
	2.1. Animals and experimental design
	2.2. Cow housing
	2.3. Management, BW measurement, and daily rumination times
	2.4. Sample collection and analyses
	2.5. Calculations and statistical analysis

	3. Results
	3.1. Effect of reducing sodium in the TMR on feed intake and behavior, yield and efficiency
	3.2. Effect of reducing sodium in TMR on digestibility
	3.3. Effect of reducing sodium in TMR on sodium excretion in milk, urine and feces

	4. Discussion
	4.1. Effect of treatments on yield, intake, and efficiency
	4.2. Effect of treatments on in vivo digestibility
	4.3. Effect of treatments on sodium excretion
	4.4. Sodium recommendation for TMR

	5. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	04-656
	Defatted black soldier fly (Hermetia illucens) in pikeperch (Sander lucioperca) diets: Effects on growth performance, nutri ...
	1. Introduction
	2. Materials and methods
	2.1. Diet formulations
	2.2. Facilities, fish and the feeding trial
	2.3. Growth parameters
	2.4. Digestibility trial
	2.5. Proximate composition of the HIM, diets, fish and fillets
	2.6. Economic analyses and environmental sustainability of the experimental diets
	2.7. Statistical analysis

	3. Results
	4. Discussion
	4.1. Growth performance, condition factor, somatic indices, and digestibility of the diets
	4.2. Whole body and fillet composition
	4.3. Economic analysis and environmental sustainability

	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


	05-659
	Characteristics and biological control functions of Bacillus sp. PM8313 as a host-associated probiotic in red sea bream (Pa ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. Bacterial isolation and identification
	2.3. Probiotic characterization
	2.3.1. Hemolysis, toxigenic gene, and cytotoxicity analysis
	2.3.2. Cell viability in simulated gastric and intestinal juice
	2.3.3. Adhesion to the HT-29 cell line and antibiotic resistance
	2.3.4. Availability of prebiotics

	2.4. Genome sequencing, assembly, and annotation
	2.5. Experimental diet preparation
	2.6. Maintenance of fish and the feeding trial
	2.7. Growth performance, feed utilization, and body indices
	2.8. Analysis of digestive enzymes
	2.9. Serum biochemical parameter and nonspecific immune analysis
	2.10. Intestinal microbiota analysis
	2.11. Gene expression analysis
	2.12. Challenge with Edwardsiella tarda
	2.13. Statistical analysis

	3. Results
	3.1. Bacterial isolation, identification, and general characteristics
	3.2. Probiotic characterization
	3.2.1. Hemolysis, toxigenic gene, and cytotoxicity analysis
	3.2.2. Cell survival in simulated gastric juice and bile salt
	3.2.3. Adhesion to HT-29 cells and antibiotic resistance
	3.2.4. Availability of prebiotics

	3.3. Genome sequencing, assembly, and annotation
	3.4. Growth performance, feed utilization, and body indices
	3.5. Analysis of digestive enzymes
	3.6. Serum biochemical parameter and nonspecific immune analysis
	3.7. Intestinal microbiota analysis
	3.8. Gene expression analysis
	3.9. Challenge with E. tarda

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix supplementary data
	References


	06-660
	Diets enriched with finely ground wheat bran alter digesta passage rate and composition of the gut microbiome in sows
	1. Introduction
	2. Materials and methods
	2.1. Ethical approval
	2.2. Wheat bran samples
	2.3. Experimental diets
	2.4. Experimental design
	2.5. Animals and experimental procedures
	2.6. Sample collection
	2.7. Chemical analysis
	2.8. Analyses of glucose, insulin, GLP-1, ghrelin, and PYY levels
	2.9. Microbiota composition of digesta and feces
	2.10. SCFA analyses
	2.11. Calculations
	2.12. Statistical analyses

	3. Results
	3.1. Diets and digesta characteristics
	3.2. DM feed intake and nutrient digestibility
	3.3. Plasma glucose and hormones
	3.4. Ileal bacterial populations
	3.5. Fecal microbiota composition
	3.6. SCFA concentration in ileal digesta and feces

	4. Discussion
	5. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	07-665
	Identification of gut microbes associated with feed efficiency by daily-phase feeding strategy in growing-finishing pigs
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. Experimental design and animals
	2.3. Feeding program and diets
	2.4. Intestinal morphological analysis
	2.5. Chemical analysis
	2.6. The 16S sequencing and data analyses
	2.7. Metabolomic profiling by liquid chromatography/time-of-flight/mass spectrometry (LC-TOF/MS)
	2.8. qPCR for target genes
	2.9. Statistical analysis

	3. Results
	3.1. A daily-phase feeding program improves feed efficiency in growing-finishing pigs
	3.2. A daily-phase feeding program improves intestinal function in growing-finishing pigs
	3.3. Daily-phase feeding decreased relative abundance of Oscillibacter, while increasing the abundance of Paraprevotella and Pre ...
	3.4. Microbial functional prediction of the DPF microbiota
	3.5. A daily-phase feeding program increased plasma metabolites in the amino acid metabolism pathways

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix supplementary data
	References


	08-663
	Dietary folic acid addition reduces abdominal fat deposition mediated by alterations in gut microbiota and SCFA production  ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Experimental design
	2.3. Growth performance and sampling
	2.4. Abdominal fat morphology
	2.5. Gene expression
	2.6. Caecal microbiome
	2.7. Caecal short chain fatty acids
	2.8. Statistical analysis

	3. Results
	3.1. Growth performance
	3.2. Gene expression of folic acid transport carriers in the intestine
	3.3. Abdominal fat morphology
	3.4. Gene expression related to cell proliferation and differentiation in abdominal fat
	3.5. Caecal microbiome
	3.6. Caecal SCFA and correlation analysis

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	09-664
	Replacing ZnSO4 with Zn-glycine in the diet of goat promotes the pancreatic function of the offspring
	1. Introduction
	2. Materials and methods
	2.1. Experimental design and sampling
	2.2. Mineral concentration determination
	2.3. Insulin and glucagon determination
	2.4. Pancreatic enzyme activities
	2.5. HE staining
	2.6. Metabolomics analysis
	2.7. Proteomics analysis
	2.8. Statistical analysis

	3. Results
	3.1. Pancreas weight
	3.2. Hematoxylin-eosin staining
	3.3. The concentrations of mineral elements
	3.4. Insulin and glucagon contents
	3.5. Activities of digestive enzymes
	3.6. Metabolomics analysis
	3.7. Proteomics analysis

	4. Discussion
	5. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgements
	Appendix. supplementary data
	References


	10-643
	Comparative study of apparent metabolizable energy and net energy values of dephenolized cottonseed proteins for laying hens
	1. Introduction
	2. Materials and methods
	2.1. DCP and diets
	2.2. Equipment
	2.3. Animals and experimental design
	2.4. Analyses of ingredients, diets, and excreta
	2.5. Calculations
	2.6. Statistical analyses

	3. Results
	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	11-655
	A comparison of average daily gain, apparent digestibilities, energy balance, rumen fermentation parameters, and serum meta ...
	1. Introduction
	2. Materials and methods
	2.1. Study site and animal ethics
	2.2. Animals and diets
	2.3. Experimental procedures and collection of samples
	2.4. Laboratory analyses
	2.5. Calculations and statistical analysis

	3. Results
	3.1. Body weight changes and apparent digestibilities
	3.2. Rumen fermentation
	3.3. Serum metabolites

	4. Discussion
	4.1. Effect of dietary energy on average daily gain and nutrient digestion
	4.2. Effect of dietary energy on energy balance
	4.3. Effect of dietary energy on rumen fermentation parameters
	4.4. Effect of dietary energy on serum metabolite concentrations

	5. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


	12-661
	Fermented mixed feed alters growth performance, carcass traits, meat quality and muscle fatty acid and amino acid profiles  ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Fermented mixed feed preparation and chemical analysis
	2.3. Experimental design and diets
	2.4. Sample collection and carcass characteristics measurements
	2.5. Meat quality measurements
	2.6. Amino acid composition
	2.7. Fatty acid composition
	2.8. Hematoxylin-eosin staining
	2.9. Intramuscular fat and triglyceride measurement
	2.10. Real-time quantitative PCR
	2.11. Statistical analyses

	3. Results
	3.1. Nutrient composition of the fermented mixed feed
	3.2. Growth performance
	3.3. Carcass characteristics
	3.4. Meat quality
	3.5. Free amino acid profiles in the longissimus dorsi muscle
	3.6. Fatty acid profiles in the longissimus dorsi muscle
	3.7. The IMF contents and mRNA expression levels of genes related to lipid metabolism

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix. Supplementary data
	References


	13-667
	Plant-derived polyphenols in sow nutrition: An update
	1. Introduction
	2. The structural characteristics of polyphenols
	3. The latest research progress on plant-derived polyphenols in sow nutrition
	3.1. Effects on the antioxidant and immune functions of sows
	3.2. Effects on the placental functions of sows
	3.3. Effects on fetal piglets of sows
	3.3.1. Fetal growth and development
	3.3.2. Effects on the physiological functions of fetal piglets

	3.4. Effects on the mammary gland function of sows
	3.5. Effects on suckling piglets of sows
	3.5.1. Growth performance and development of suckling piglets
	3.5.2. Effects on the physiological functions of suckling piglets

	3.6. Effects on long-term growth and development of progeny of sows

	4. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	14-669
	Partial replacement of soybean meal by yellow mealworm (Tenebrio molitor) meal influences the flesh quality of Nile tilapia ...
	1. Introduction
	2. Materials and methods
	2.1. Ethical statement
	2.2. Experimental diets and feeding trial
	2.3. Sample collection
	2.4. Whole-body, muscle, and feed biochemical composition analysis
	2.5. Amino acid and fatty acid analysis
	2.6. Texture analysis
	2.7. Histological analysis
	2.8. Quantitative real-time PCR
	2.9. Statistical analysis

	3. Results
	3.1. Growth performance and whole-body proximate composition
	3.2. Flesh nutritional value
	3.3. Texture properties
	3.4. Myofiber histological characteristics and the expression level of myogenesis regulation and apoptosis-related genes
	3.5. Anti-oxidative capacity of the muscle and the acid value of diets

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix. supplementary data
	References


	15-666
	Bacillus amyloliquefaciens 40 regulates piglet performance, antioxidant capacity, immune status and gut microbiota
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Bacterial strain preparation
	2.3. Animal experimental design and sample collection
	2.4. Growth performance
	2.5. Serum parameters analysis
	2.6. Microbial analysis of the feces
	2.7. Correlation analysis of growth performance, serum parameters, incidence of diarrhea, gut microbiota and prediction of micro ...
	2.8. Statistical analysis

	3. Results
	3.1. Growth performance of piglets
	3.2. Diarrhea monitoring from d 21 to 40
	3.3. Antioxidant ability and intestinal injury parameters of weaner piglets at serum level
	3.4. Serum inflammatory cytokines and fecal sIgA of piglets
	3.5. Intestinal bacterial composition
	3.6. Prediction of gut microbiota metabolic functions
	3.7. Correlation analysis of gut microbiome, piglet performance, serum and fecal parameters

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	16-671
	Restricted feeding regimens improve white striping associated muscular defects in broiler chickens
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. Experimental design, animal management, and sample collection
	2.3. RNA extraction and real-time quantitative PCR
	2.4. Histomorphology, immunohistochemistry, and immunofluorescence staining
	2.5. Triglyceride assay
	2.6. Protein expression using the Western blotting technique
	2.7. Data analysis

	3. Results
	3.1. Intermittent feeding and fasting started at 3 d of age promoted angiogenesis and reduced satellite cell numbers in the broi ...
	3.2. Effects of intermittent feeding and fasting starting at 8 d of age on vascular development, satellite cell numbers, and mus ...
	3.3. Effects of intermittent feeding and fasting starting at 8 d of age on white striping development and ectopic fat accumulati ...
	3.4. Intermittent feeding and fasting alleviated muscle degradation and myofibrosis
	3.5. Intermittent feeding and fasting on growth performance of broiler chickens

	4. Discussion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	17-673
	The uniqueness and superiority of energy utilization in yaks compared with cattle in the highlands: A review
	1. Introduction
	2. Higher efficiency of energy acquisition-anatomical, behavioral and molecular level adaptations
	2.1. Anatomical and behavioral adaptations
	2.2. Molecular-level adaptations

	3. Higher energy production-potential of rumen microbes in yaks to produce more VFA and less methane during degradation of pla ...
	3.1. Ruminal degradation of plant fibers
	3.2. High VFA production and low methane emission in the rumen of yaks

	4. Higher efficiency of nutrient absorption
	4.1. Physiological advantages of nutrient absorption
	4.2. Absorption of VFA
	4.3. Absorption of ammonia and small peptides

	5. Lower energy and nitrogen requirements for maintenance of the hosts
	5.1. Lower energy requirements
	5.2. Lower nitrogen requirements and lower urinary nitrogen output

	6. Outlook
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	18-674
	Standardized ileal digestible lysine requirements based on growth performance and histochemical characteristics of male bro ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. Birds, diets, and management
	2.3. Performance measurements and chemical analysis
	2.4. Breast muscle sampling
	2.5. Histochemical characteristics
	2.6. Statistical analyses

	3. Results
	3.1. Growth performance
	3.2. Muscle fiber characteristics

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


	19-670
	Importance of adapted digestion conditions to simulate in vitro lipid digestion of broilers in different life stages
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics and materials
	2.2. Oil-in-water emulsion preparation
	2.3. In vitro digestion conditions relevant for different life phase of broilers
	2.4. Quantitative analysis of lipid digestion products
	2.5. Microstructural characterization
	2.6. Statistical analysis

	3. Results
	3.1. Microstructure of digests in the gastric and small intestinal phase of broilers
	3.2. In vitro lipid digestion kinetics in the small intestinal phase of broilers

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgement
	Appendix supplementary data
	References


	20-662
	Absorption of methionine sources in animals—is there more to know?
	1. Introduction
	2. Absorption of different met sources in the gastrointestinal tract
	2.1. Transport systems for methionine
	2.1.1. Sodium-dependent transport system
	2.2. Sodium-independent transport system

	2.3. Basolateral transporter systems
	2.4. Transport systems for HMTBa

	3. Factors affecting the relative efficiency of transport systems for methionine sources
	3.1. Radioactive position in the molecule
	3.2. Effects of the physiological state of the animal
	3.3. Selection of intestinal models

	4. Oligomer hydrolysis and utilization
	5. Physiological factors affecting HMTBa vs. DL-methionine absorption
	6. Methionine sources and gut microbiota interaction
	7. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	21-649
	Soybean protein concentrate causes enteritis in juvenile pearl gentian groupers (Epinephelus fuscoguttatus ♀ × Epinephelus  ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. Test diets
	2.3. Feeding trial and breeding management
	2.4. Sample collection
	2.5. Histological observation of enteritis
	2.6. Analysis of biochemical indicators
	2.7. Immune-related gene expressions
	2.8. Intestinal structure-related gene expressions
	2.9. High-throughput analysis of intestinal flora 16S sequencing
	2.10. The “3 + 2” transcriptome sequencing
	2.11. Analysis of differential genes (DEGs)
	2.12. Validation of real-time quantitative PCR (RT-qPCR) and Western blotting
	2.13. Statistical analysis

	3. Results
	3.1. Growth performance
	3.2. Histological evaluation
	3.3. Determination of biochemical indexes
	3.4. Immune-related gene expressions
	3.5. Intestinal structure-related gene expressions
	3.6. Analysis of intestinal flora 16S sequencing
	3.6.1. Composition and abundance of intestinal flora
	3.6.2. Functional prediction

	3.7. Correlation analysis
	3.8. Transcriptome sequencing analysis
	3.8.1. Statistics of DEG
	3.8.2. KEGG enrichment analysis
	3.8.3. Validation of the transcriptome by RT-qPCR
	3.8.4. Western blotting


	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	Appendix Supplementary data
	References


	22-668
	Zearalenone induces apoptosis and autophagy by regulating endoplasmic reticulum stress signalling in porcine trophectoderm  ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics, chemicals and reagents
	2.2. Cell culture
	2.3. Cell viability and lactate dehydrogenase release assay
	2.4. Flow cytometry analysis of apoptosis and cell cycle
	2.5. Detection of mitochondrial membrane potential
	2.6. Determination of intracellular reactive oxygen species (ROS)
	2.7. Western blot analysis
	2.8. Total RNA extraction and quantitative real-time PCR (qRT-PCR)
	2.9. Transmission electron microscopy (TEM)
	2.10. Statistical analysis

	3. Results
	3.1. ZEA inhibited cell proliferation and viability in pTr cells
	3.2. ZEA exposure resulted in cell cycle arrest in pTr cells
	3.3. ZEA induced apoptosis and depolarization of mitochondrial membrane potential in pTr cells
	3.4. ZEA inhibited PI3K/AKT pathway and activated MAPK signaling pathway in pTr cells
	3.5. Activation of the ER stress and autophagy pathway by ZEA in pTr cells
	3.6. Intracellular reactive oxygen species was generated and barrier function impairment by ZEA in pTr cells
	3.7. ZEA-induced apoptosis is alleviated by autophagy inhibitors in pTr cells
	3.8. ZEA promotes apoptosis by inducing autophagy through endoplasmic reticulum stress in pTr cells

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix supplementary data
	References


	23-678
	Functionality of dietary antimicrobial peptides in aquatic animal health: Multiple meta-analyses
	1. Introduction
	2. Methods
	2.1. Literature search
	2.2. Selection criteria
	2.3. Information extraction
	2.4. Statistical analysis
	2.4.1. Effect size calculations
	2.4.2. Publication bias and sensitivity analyses
	2.4.3. Moderator analysis
	2.4.4. Meta-regression and dose–response meta-analysis


	3. Results
	3.1. Overall effect size summary
	3.2. Moderators
	3.2.1. Effects of moderators on growth performance
	3.2.2. Effects of moderators on enzyme activity
	3.2.3. Effects of moderators on disease resistance
	3.2.4. Effects of moderators on gut microflora

	3.3. Summary of meta-regression and dose-effect

	4. Discussion
	4.1. AMP-supplemented feed improves health
	4.2. Publication bias and outliers exist but little influence on conclusions
	4.3. Species, AMP dose, IBW and feeding duration affect AMP's role in health
	4.4. Other potential moderators affect AMP's role in health

	5. Conclusions and perspectives
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix Supplementary data
	References


	24-676
	Effect of riboflavin deficiency on intestinal morphology, jejunum mucosa proteomics, and cecal microbiota of Pekin ducks
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Animals, diets, and experimental design
	2.3. Data and sample collection
	2.4. Riboflavin content
	2.5. Intestinal morphology assessment
	2.6. Jejunum mucosal proteomics
	2.7. Cecal content SCFA analysis
	2.8. Cecal microbiological analysis
	2.9. Statistical analyses

	3. Results
	3.1. Mortality, growth performance, carcass traits, and relative organ weight
	3.2. Tissue riboflavin content
	3.3. Intestinal mucosal histomorphology
	3.4. Cecal SCFA profiling
	3.5. Changes in the mucosal proteomics of ducks in response to RD
	3.6. Changes in the cecal microbial diversity and community of ducks in response to RD

	4. Discussion
	5. Conclusions
	Author contributions
	Declaration of conflict of interest
	Acknowledgements
	References


	25-677
	Optimizing feeding regimen of replacement gilts to improve their reproductive performance and retention rate of their first ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Animals and management
	2.3. Data collection
	2.4. Statistical analysis

	3. Results
	3.1. Effects of replacement gilts rearing factors on litter size and weaning performance for the first 2 parities
	3.2. Effect of replacement gilts rearing factors on retention rates for the first 2 parities
	3.3. Effect of farm and cross combination of sows on reproductive performance and retention rates for the first 2 parities
	3.4. Effect of age of replacement gilts at first estrus and first mating on reproductive performance and retention rates for the ...
	3.5. Effect of BW at first estrus and first mating of replacement gilts on reproductive performance and retention rates for the  ...
	3.6. Effect of BF at first estrus and first mating of replacement gilts on reproductive performance and retention rates for the  ...
	3.7. Effect of flush feeding strategy before first mating of replacement gilts on reproductive performance and retention rates o ...
	3.8. Effect of estrous cycle number at first mating of replacement gilts on reproductive performance and retention rates of the  ...
	3.9. Effect of rearing 100 replacement gilts on litter size and PW for the first 2 parities

	4. Discussion
	5. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	26-675
	Point-of-care testing for lysine concentration in swine serum via blue-emissive carbon dot-entrapped microfluidic chip
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Materials
	2.3. Instruments
	2.4. Synthesis of N-CDs
	2.5. Detection of lysine using N-CDs
	2.6. Fabrication of the microfluidic chip
	2.7. Smartphone-based imaging device
	2.8. Data analysis

	3. Results
	3.1. Characterization of N-CDs
	3.2. Optical response of N-CDs for lysine detection
	3.3. Microfluidic chip-based lysine detection using fluorescence microscope
	3.4. Microfluidic chip-based lysine detection using smartphone
	3.5. Application in swine serum

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	27-672
	Dietary coated essential oil and organic acid mixture supplementation improves health of broilers infected with avian patho ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Experimental design, birds and diets.
	2.3. Escherichia coli O78 culture and challenge protocol
	2.4. Growth performance
	2.5. Sample collection
	2.6. Gross lesion examination
	2.7. Histomorphological structure and goblet cells analysis of the jejunum
	2.8. Determination of bacterial concentration in the liver and cecal contents
	2.9. ELISA for the measurement of immunoglobulins and cytokines
	2.10. Quantitative real-time PCR analysis
	2.11. Metagenomics analysis of gut microbiome
	2.12. Data analysis

	3. Results
	3.1. Growth performance
	3.2. Bacterial concentration of intestinal contents and liver
	3.3. Gross lesion examination
	3.4. Intestinal morphology
	3.5. Serum cytokines and immunoglobulin levels
	3.6. Intestinal immune-related and barrier-related gene expression
	3.7. Diversity and composition of cecal microbiota
	3.8. Predicted function of cecal microbiota

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


	28-681
	Time-course effects of different fiber-rich ingredients on energy values, microbiota composition and SCFA profile in growin ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Animals, diets and experimental design
	2.3. Sample collection
	2.4. Chemical analysis and calculation
	2.5. Bacterial DNA extraction, amplification and 16S rRNA gene sequencing
	2.6. Statistical analysis and calculation

	3. Results
	3.1. Chemical composition in test ingredients and diets
	3.2. Energy values, ATTD of GE, and nutrient composition of experimental diets
	3.3. Energy values of the test fiber-rich ingredients
	3.4. Variation in α-diversity and β-diversity
	3.5. Comparison of the microbial composition
	3.6. Alterations of specific microbiota
	3.7. Concentration of SCFA in feces

	4. Discussion
	5. Conclusion
	Author Contributions
	Declaration of competing interest
	Acknowledgments
	Appendix Supplementary data
	References


	29-691
	Influence of sex and rearing method on performance and flock uniformity in broilers—implications for research settings
	1. Introduction
	2. Use of single or mixed-sex broilers in research
	3. Common methods for sexing broiler chickens for use in research
	4. Influence of sex on different parameters in broiler chickens
	4.1. Performance and carcass characteristics
	4.2. Differences in CP requirements and amino acid digestibility
	4.3. Gut microflora
	4.4. Expression of genes encoding nutrient uptake

	5. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


	30-679
	Supplementing oat hulls to the diet of suckling piglets altered their intestinal tract and colonic microbiota development
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. General sow and litter housing and management
	2.3. Experimental feeding protocol
	2.4. Dietary treatments
	2.5. Performance measurements
	2.6. Post-mortem examinations
	2.7. Statistical analysis

	3. Results
	3.1. General results
	3.2. Carcass yield and gastrointestinal morphology
	3.3. Metabolic profile and particle size distribution of GIT contents
	3.4. Mucosal microscopic morphology, small intestinal lactase activity and permeability
	3.5. Microbiology of the mid-colon contents

	4. Discussion
	4.1. Impact on the stomach
	4.2. Impact on the small intestine
	4.3. Impact on the large intestine

	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	Appendix. Supplementary data
	References


	31-682
	High dietary lipid level promotes low salinity adaptation in the marine euryhaline crab (Scylla paramamosain)
	1. Introduction
	2. Materials and methods
	2.1. Ethics statement
	2.2. Experimental diets
	2.3. Feeding trial and experimental conditions
	2.4. Sample collection
	2.5. Proximate composition analysis
	2.6. Hepatopancreas histological determinations
	2.7. Lipid class analysis
	2.8. Haemolymph osmolality and inorganic ion detection
	2.9. Enzyme activity and metabolite content assays
	2.10. MtDNA copy number and gene expression analysis
	2.11. Western blotting analysis
	2.12. Statistical analysis

	3. Results
	3.1. Effects of salinity and diet on the growth performance of mud crabs
	3.2. Effects of salinity and diet on lipid metabolism of mud crabs
	3.3. Effects of salinity and diet on energy metabolism of mud crab
	3.4. Effects of salinity and diet on osmotic regulation of mud crabs

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix. supplementary data
	References


	32-687
	Reduced-particle size wheat bran and endoxylanase supplementation in broiler feed affect arabinoxylan hydrolysis and fermen ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics
	2.2. Wheat bran particle size reduction
	2.3. Experimental diets
	2.4. Experimental design and broiler husbandry & management
	2.5. Performance parameters
	2.6. Sampling
	2.7. Chemical analyses of feed and digesta samples
	2.7.1. Dry matter
	2.7.2. Feed extract and digesta viscosity
	2.7.3. In-feed endoxylanase activity
	2.7.4. AX content
	2.7.5. Quantification of titanium dioxide
	2.7.6. Calculation of AX digestibilities
	2.7.7. SCFA analysis

	2.8. Statistical analysis

	3. Results
	3.1. Feed and broiler performance
	3.2. Viscosity
	3.3. Wheat arabinoxylan content and digestibility in ileal and caecal digesta of young and old broilers
	3.3.1. Effect of XYL addition
	3.3.2. Effect of RPS-WB addition
	3.3.3. The combined effect of XYL and RPS-WB addition
	3.3.4. SCFA content in caecal material with RPS-WB and XYL addition


	4. Discussion
	4.1. Ileal viscosity is reduced upon XYL but not upon RPS-WB addition
	4.2. XYL addition induces a permanent effect on AX digestion in the broiler's hindgut
	4.3. The addition of RPS-WB stimulates early wheat AX fermentation and butyric acid production in the caecum
	4.4. Lack of synergy in AX fermentation with the combined addition of RPS-WB and XYL
	4.5. Performance of young broilers is improved when XYL is added to a wheat-soy-based diet

	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


	33-683
	Developmental changes in lipid and fatty acid metabolism and the inhibition by in ovo feeding oleic acid in Muscovy duck em ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Animals and incubation
	2.3. Sample collection
	2.4. Morphological examination
	2.5. Biochemical index detection
	2.6. Fatty acid analysis
	2.7. Relative gene mRNA expression analysis
	2.8. Western blotting analysis
	2.9. Statistical analysis

	3. Results
	3.1. Hepatic morphological change
	3.2. Developmental changes in biochemical indices related to lipid metabolism
	3.3. Developmental changes in fatty acid profiles in serum and tissues
	3.4. Developmental changes in hepatic gene and protein expression levels related to fatty acid metabolism
	3.5. Effects of IOF-OA on biochemical indices of lipid and fatty acid profiles
	3.6. Effects of IOF-OA on hepatic gene expression related to fatty acid metabolism

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgement
	References


	34-689
	Effects of medium chain triglycerides on hepatic fatty acid oxidation in clofibrate-fed newborn piglets
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Medium chain triglyceride synthesis
	2.3. Animals and experimental design
	2.4. Liver homogenate preparation
	2.5. Hepatic fatty acid oxidation in vitro
	2.6. Hepatic fatty acid profile
	2.7. Enzyme activity of carnitine palmitoyltransferase I (CPT I), acetyl-carboxylase (ACC) and propionyl-CoA carboxylase (PCC)
	2.8. Acetate and ketone body concentration
	2.9. Gene expression
	2.10. Chemicals
	2.11. Statistical analysis

	3. Results
	3.1. Growth performance and liver weight
	3.2. Hepatic fatty acid oxidation in vitro
	3.3. Hepatic fatty acid composition
	3.4. Hepatic enzyme activity
	3.5. Acetate and ketone body concentrations
	3.6. Hepatic mRNA abundance

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of conflicting of interests
	Acknowledgments
	Appendix. Supplementary data
	References


	35-686
	Rumen microbiota-host transcriptome interaction mediates the protective effects of trans-10, cis-12 CLA on facilitating wea ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethical statement
	2.2. Animal experiment and sampling
	2.3. Analysis of rumen content-associated microbiota using 16S rRNA gene sequencing
	2.4. Analysis of the rumen epithelium transcriptome profiling using RNA-seq
	2.5. VFA profile analysis
	2.6. Cell culture, quantitative real-time PCR and immunoblotting
	2.7. Statistical analysis

	3. Results
	3.1. Trans-10, cis-12 CLA prevented early weaning-related productivity reduction
	3.2. Trans-10, cis-12 CLA induced a shift in the rumen microbiota composition
	3.3. Trans-10, cis-12 CLA prevented the dysbiosis of ruminal microbiota in early weaning lambs
	3.4. Trans-10, cis-12 CLA altered rumen VFA profile of post-weaning lambs
	3.5. Trans-10, cis-12 CLA modified the transcriptome profile in rumen epithelium
	3.6. PPARγ mediated NF-κB p65 inhibition contributed to the protective effects of trans-10, cis-12 CLA in rumen epithelium
	3.7. Trans-10, cis-12 CLA facilitated weaning transition of lambs via regulating microbiota-host interactions

	4. Discussion
	5. Conclusion
	Data statement
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix supplementary data
	References


	36-694
	Glucose supplementation improves intestinal amino acid transport and muscle amino acid pool in pigs during chronic cold exp ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethical statement
	2.2. Two chronic cold exposure experiments
	2.3. Glucose supplementation in the diet of cold-exposed pigs
	2.4. Sample collection
	2.5. Digestibility of crude protein
	2.6. Detection of trypsin activity
	2.7. Determination of free AA
	2.8. Total RNA extraction, reverse transcription and relative quantitative real-time PCR
	2.9. Western blot analysis
	2.10. Determination of dystrophin in longissimus dorsi muscle
	2.11. Histopathological examination
	2.12. Statistical analysis

	3. Results
	3.1. Feeding and growth of Min pig models and Yorkshire pig models
	3.2. The ATTD of crude protein (CP) of Min pig models and Yorkshire pig models
	3.3. Trypsin activity of Min pig models and Yorkshire pig models
	3.4. Amino acid transport in the small intestine of Min pig models and Yorkshire pig models
	3.5. Free amino acids and amino acid transporters in the longissimus dorsi muscle of Min pig models and Yorkshire pig models
	3.6. The dystrophin concentration in muscle of Min pig models and Yorkshire pig models
	3.7. The mitochondrial dynamic balance in the muscle of Min pig models and Yorkshire pig models
	3.8. Chronic cold exposure induces muscle cell atrophy and promotes protein degradation in Yorkshire pigs
	3.9. Glucose supplementation improves the ATTD of crude protein of cold-exposed pig models
	3.10. Glucose supplementation improves the expression of amino acid transporters in the intestinal mucosa of cold-exposed pig models
	3.11. Glucose supplementation improves AA pools and protein degradation in longissimus dorsi muscles of cold-exposed pigs

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix supplementary data
	References


	37-692
	Improving flesh quality of grass carp (Ctenopharyngodon idellus) by completely replacing dietary soybean meal with yellow m ...
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Experimental design and diets
	2.3. Fish and feeding trial
	2.4. Sample collection and analysis
	2.5. Statistical analysis

	3. Results
	3.1. Growth performance and biological parameters
	3.2. Serum antioxidant capacity
	3.3. Whole body and muscle composition
	3.4. Muscle amino acid composition and heavy metals
	3.5. Muscle texture properties, water holding capacity and pH
	3.6. Muscle morphology analysis
	3.7. Relative mRNA expression of muscle growth-related genes
	3.8. Muscle metabonomic analysis

	4. Discussion
	4.1. Growth performance
	4.2. Serum antioxidant capacity
	4.3. Approximate composition of muscle and whole body, and the level of muscle amino acids and heavy metals
	4.4. Muscle texture, morphology and mRNA expression of muscle growth-related genes
	4.5. Muscle metabonomic analysis

	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


	38-688
	Traditional and emerging Fusarium mycotoxins disrupt homeostasis of bovine mammary cells by altering cell permeability and  ...
	1. Introduction
	2. Materials and methods
	2.1. Chemicals
	2.2. Cell culture
	2.3. Cytotoxicity assay
	2.4. Measurement of transepithelial electrical resistance (TEER)
	2.5. Permeability tracer flux assay
	2.6. RNA extraction and quantitative real time-qPCR (qPCR)
	2.7. Statistical analysis

	3. Results
	3.1. Cytotoxicity of Fusarium mycotoxins
	3.2. Transepithelial electrical resistance and paracellular tracer flux
	3.3. Gene expression analysis

	4. Discussion
	5. Conclusion
	Author contributions
	Availability of data and materials
	Declaration of Competing Interest
	Acknowledgements
	References


	39-693
	Effects of β-alanine on intestinal development and immune performance of weaned piglets
	1. Introduction
	2. Materials and methods
	2.1. Animal ethics statement
	2.2. Animals and experimental treatments
	2.3. Sample collection and measurements
	2.4. Determination of serum biochemical indices
	2.5. Intestinal morphology
	2.6. Analysis of digestive enzyme and antioxidant enzyme activities
	2.7. RNA extraction and cDNA synthesis
	2.8. Quantitative real-time PCR analysis
	2.9. Immunohistochemical analysis
	2.10. AB-PAS staining
	2.11. Intestinal organoid cultures
	2.12. Statistical analysis

	3. Results
	3.1. Growth performance
	3.2. Serum biochemical indicators
	3.3. Intestinal morphology
	3.4. Digestive enzyme activities
	3.5. Expression of trans-transport carrier genes
	3.6. Antioxidant enzyme activity and gene expression
	3.7. Expression of inflammation-related genes
	3.8. Expression of barrier-related genes
	3.9. Immunohistochemistry and goblet cells
	3.10. Intestinal organoid

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


	40-bm1
	41-bm15

