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Autonomous County, Minhe 810800, China

Abstract: This study aimed to investigate the effects of supplemental feeds with different energy levels on the growth
rate of yaks. A total of 27 one-year-old yaks with similar initial body weights were randomly divided into three
groups, with nine yaks per group. The three groups were fed concentrate feeds with low (LG), medium (MG),
and high (HG) energy levels. The pre-feeding period lasted for 7 days, followed by a formal feeding period of 110
days. The production performance, blood biochemical indices, and rumen microbial communities of growing yaks
were measured during the growth period. The results show that: 1) At the end of the trial, there were no significant
differences in final body weight, average daily gain, and average daily feed intake among the LG, MG, and HG
groups (P>>0.05). However, compared with the initial body weight, the final body weight of yaks in the LG, MG,
and HG groups was increased by 79.91%, 82.27%, and 86.16% , respectively. 2) The concentrations of growth
hormone, insulin-like growth factor 1, and insulin-like growth factor 2 in serum were significantly higher in the HG
group than in the LG group (P<C0.05), whereas the total antioxidant capacity in serum was significantly lower in the
HG group than in the 1.G group (P<C0.05). Other serum biochemical indicators tended to increase with increasing
energy levels in the diet but the differences among the three groups were not significant (P>>0. 05). 3) There was no
significant difference in the alpha and beta diversity of rumen microbial communities among the three groups.
However, taxa such as Atopobium, UCG-005, Lachnospiraceae_UCG-008, and Eubacterium were significantly
enriched in the rumen of the HG group (P<C0.05), and microbial communities dominated by norank_o_Clostridia_
UCG-014 and Prevotellaceae_UCG-001 were significantly enriched in the rumen of the LG group (P<C0.05). 4)
Mantel tests revealed that the abundance of Succiniclasticum in the rumen was significantly negatively correlated with
the total cholesterol and high-density lipoprotein cholesterol levels in the blood (P<C0.05), and the abundance of
Xylanibacter was significantly negatively correlated with the non-esterified fatty acid concentration in the blood (P<C
0.05). The results of this study indicate that increasing the energy level of concentrated feed can increase the levels
of hormones such as growth hormone and enhance the diversity of rumen microbial communities, thereby improving
the growth rate of yaks.

Key words: growth period; confined yaks; supplemental feed; productive performance; rumen microbiota
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1.1

T H fREEEEZH hRERA]L SRR Al

B HFERGELEYRE A RA R NS B Ttems LG group MG group HG group
B AT R 1 E S AR 27 3k PSR E JEURHEE 1 Ingredient ratio
(93.74-+2.35) ke, ¥ FBEHLSY J 320, G520 342, 4 Tk Com (%) 35.20 3490 42.90
B339k o HRHE R R BB KPR Sy (g e PRI Comgermmead () 0T e
Y1 (low energy group, LG) . i f it 41 (medium /NAZ YK Wheat middlings ( %) 15.80  10.87  13.00
energy group, MG) fl & BE & 41 (high energy group, jﬁfwzﬁfu;zit?nm dried 1097 1090 1000
HG) o MLy 2 (Avena sativa) 75T 5 R FHE 764 Rice hull powder (%) 6.00 8.00 5.50
Fo L HE RS A EE 50: 50 A e B a8 o 3 56 2 4 K 4R TR Soybean meal (%) 4.40 5.00 5. 20
MW (FL 1 7:00, B4 16:00) , Bl & W M, H ok HFEH Cottonseed meal (%) 3.00 3.00 3.00
B H UK, E AT DA, SREFRE & K. B i 7 SHPHI Rapeseed meal (%) 3.00 3.00 3.00
d,IF4AEA 110 d, A8 Mountain flour (%) 1.38 1.38 1.38
1.2 X4 4k it WiER4, Calcium sulfate (%) 1.00 1.00 1.00

FORL A AR MO D B B B o B gk e e g oD LU0 Lo Lo
(NY /T 815 2004) ) et ff 35 i 1) 2 25 32 e 5 5 1% 5241 Montmorillonite (%) 0.20 0.20 0.20

24 AR 6 E Complex trace elements 0. 20 0.20 0.20

i, LLE K (Zea mays) \ EKRIERZER /NZE (Triticum D (%)
aestivum) Wy . £ K 4 T A (distillers dried grains B 7] Mold inhibitor (%) 0.08 0.08 0.08
with solubles, DDGS) | K 5. (Glycine max) ¥ A KF SALALAH Choline chloride (70) 0.06 0.06 0.06
K SEFF R (B R 5 AN 0 ) T0OTR R AR A L TR e R Composite enzyme prepara-  0.03 0-03 0-03
SR RUK P 1. e
L3 ARl g t’rﬂyﬁﬂ‘?ﬂﬁﬁl Bacillus licheniformis 0.03 0.03 0.03

A T AT AR 00 B e i 27 L A Fre Al Antioxidant (%) 0.02 0.02 0.02
AT 12 HE 4 25 1D A2 P10 46 AR E (initial body FHHZEB, Betaine (%) 0.02 0.02 0.02
weight, IBW) ; 1E 48 ] 110 d Ji&5 I 58 £ K 4K & (final 5 43 42k % Multivitamin 2 (%) 0.02 0.02 0.02
body weight, FBW) , it 5 & 3k 4 - ¥ H 1 & Wi SEFRF I Bacillus cereus (%) 0.01 0.01 0.01
(average daily weight gain, ADG) . 318 A UN . # 377K F Nutritional level *’
ADG=(FBW—IBW) /i 6 K% . ¥ /% Dry matter (%) 89. 86 89.05 88. 36

I, B AICFE LIRS S dHES SET HLE 11 Crude protein (%) 15.30 16.06  17.71
] WS FUORE A0 e M A 00 Sk A 4L A A B A RS b HLEFHE Crude fiber (%) 20,74 1468 8.28
REFURLE R R BB RO R OP sy P o R Bherextraet O R he
& i (average dry matter intake, ADMI) . 18 A2 £ Calcium (%) 1.02 1.01 1.00
s ADMI= i 40 1 034 F 40 R f Bt /it g Ko, BT Phoshonss O v e

W ffig Digestibility coefficient (MJ- 2.66 3.02 3.38

Bl H (feed/gain, F/G)=ADMI/ADG.

1.4 H#miX%

*1
Table 1

feed at different energy levels (based on dry matter)

TR Rk A B R E S E (TR

Composition and nutritional levels of concentrated

kg ')

V4 4 Ak U6 % Compound trace elements: #i (Cu) 28.43 mg-kg ', £k
(Fe)267.15 mg-kg ', £ (Mn)92.95 mg-kg ', #(Zn)152. 27 mg-kg ',
W(D1.09 mg-kg ', 45 (C0)0.69 mg-kg !, #i(Se)0.28 mg-kg . *&
4 44 R Multivitamin: 4E4EFE A(V,)6.49 KIU-kg !, 44K D3(V,,)
0.53 KIU-kg ™', 46/ Z E(V,)67.31 mg-kg™ ', B# % I & (B carotene)
3.22 mg-kg = Vi Ak fE N I, LA Ok S0l . Digestibility

coefficient was a calculated value, while the others were measured values.

U I 25 5, 7R SR A6 5 1 g 4 4 A AT
S DK R 1l 10 mL, = 3 EEE 1 S L 4 °C L3500 re
min #5015 min, B LR E R 2L T E
—20 CUKFE AR, T )5 B2l v A fb e An I B R &
AT o IR E AE R GT 25 56 21 o A i R R
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HWBCREE S DG AEE REHE B ERVRENE S WERGRENEERE T 5 mLEAFE , 2WA R
FEJ5 BT — 80 “CHARIR PR AF , T 00 2 I8 18 Tl 2k W v 2 B
1.5 ik AL

T 31 A A 3 A I v P AY 1B (glucose, GLU) | H il = g (triacylglycerols, TG) | i H [ F (total
cholesterol, TC) K % & Bg # H 1 [& B (low density lipoprotein cholesterol, LDL) | & % B ig & 4 IH [& &% (high
density lipoprotein cholesterol, HDL ) J& , {fi Fi i #it BS-240VET 4> { 3 IfiL 3 A AL AL (35 Fig 2 71, v BRI 2547 46
WL YE HE ES R BT IR (non-esterified fatty acid, NEFA) FITN % (malondialdehyde , MDA ) ¥ & , B 3T A 1L fiE
(total antioxidant capacity , T-AOC) FI 4 bt H kit % AL (glutathione peroxidase , GSH-Px) i P4 4% a7 & (B 5t
AR, VLR ) PR I B R AT I A o I P Y A K 3 EE (growth hormone , GH) (i & 2 (insulin, INS) | JE 5 &
¥ A F F 1(insulin-like growth factor 1,IGF-1) Ji& & E#: 4= & F F 2(insulin-like growth factor 2,1GF-2) fifi Ff i
I 4 72 W B 56 (enzyme-linked immunosorbent assay, ELISA )7 & (i %, ) I o
1.6 & B A HAE S A RA N

K 75 ot 3 = B R R AL 2% (cetyltrimethylammonium bromide, CTADB) 3= 82 BURT B W il 4= ¥ & [ 41 DNA .
K I NANODROP LITE 43 6% B i1 ( Thermo Scientific, 38 [/) ¥4l DNA & 4 Bt .l 38 JH 51 90 % (341F #1
806R) ¥4 16S rRNA FE[H V3— V4 X3 . PCR B A MFANT 98 “C WAZ M 1 min, Bl 5 #£47 30 I E 3 - 98 °C 42
P105,50 "CiB Kk 305,72 "CHEAM 30 s, FeJi5 72 *CLEAH 5 min, PCR =¥ 0f F] Qiagen #E i 42 BUA 7 & (Qiagen,
ED#E 7T E gtk . f H Hlumina TruSeq® DNA PCR-Free #f A8 il £ i 7 & (lumina, 38 [E ) AR 5 il i& 7 #E 77
B B LT A& I SC I . ARG I 2 I i i, £ A THlumina NovaSeq - & #4700 7, SR FH 250 bp fic X 2R s 0 3747 X,
W i A 7 1 T A QIIMEZ2 (AR A 2022. 2) , fff FHBRIA I B2 i 47 B 4% PR 7 A 9738 + )% 91 28 55 4K (amplicon
sequence variants, ASVs) ,ffi i} Silva £t 3i& & (https://www. arb-silva. de) X 40 B #E 1743 22 B . A H QIIME 1k
WP F & JE Chao 1Ml Shannon 5§ Alpha Z FEPEFE 5. SR HE 280 Kruskal-W allis K 58 43 B AS [5] 68 1 7K 745 £ 0k
Xof < ) 2B R U AR A W AEYE 1Y Allpha ZREME RS Z . R Bray-Curtis B5 2 80 F: UE1 7 3E B 5 2 4 R 4%
Hr (non-metric multidimensional scaling, NMDS) , 43 87 4 B % 4= %) #f ¥ (9 Beta Z #¥£ , JF ) F A8 L1 2 B
(analysis of similarities, ANOSIM )4 55 £5 20 25 5 . F| H Circos # 4 XF 45 41 8] & 498 B 13026 W0 3 v 4 it A7 mT AR
e o B . R H Kruskal-Wallis k FUR: 56 F 6 o AS [5) 20 [ J88 B o 2 0 6 % 45 AL 2 75 RS A0kt BB B K A8 k. 3
T Mantel £ 36 % A [5) 25 (8] 4 4= 988 1 30 A= W0 A v 55 HE I VA6 A6 48 A 8] 9 R OGP 64T 23 #
1.7 %it o

K H Excel 2016 % #3050 20 , I R (version 4. 3. 1) 84 14 aov BREOH LI B s AT SN R I 220081, 45 &
LSD. test FREC 47 45 4H (7] 1) 2 5B LA AR 56, 45 5 1 SF- 29 (8 + R i % (standard error of mean, SEM) /R *8f P<<
0.058 22 5 3 , ol P<<0. 01 N =57 W3, P>0. 05 W =R AW .

2 HBREHGH

2.1 FER A ARFAFANE AT £ R B4 A & b Ak B o i A4 89 R

Bl % K AR RE R OK BT R AR KR WS A SE 4 FBW ADG ¥ 2 Al M m L F 2R (K2, P>
0.05). fKAEMA PRERAMFEE A M FBW 3 IBW 20 528 17 79. 91% .82. 27% F186. 16 % . bifi % K5 #h Bk
fE 5 AKCF 1 TH i 25 AUAE 2R ADMIZ W AR, FURHER b 22 % R W35 (P=>0.05) o [A] B, 8 B8 1t 41 A 26 4 1 5 1l 4
413 P GH IGF-1 M IGF-2 ¥ i 3 TRAE R 40 (P<<0.05) (B 5 h B A L B % 2= 5 (P>0.05) ., H51{kfE
WAL, AR B 4L A L T T-AOC i 25 B Ik (P<<0.05) , " BE 1 24 48 2F i 7 b INS W B 8 2 T /) (P<
0. 05) , 17 HAth 1L 75 £E Ak 48 b5 A T8 e 38 25 21 18] T & 3% 25 5 (P=>0.05) .
2.2 RRRRZBRFHEAM T A RDPLF B R HREDBEL S HEG YR

H5LGHAM , HG MG 4 1 4 K98 B A Wi I (090 Fr 325 B2 Chao 146 30 ¥ #h 2 £ ¥ Shannon
RS B HE L EEES (B 1A, B,P>>0.05), N if— 5 PE Ak 1R R (6 68 &K TR R R A2 K1
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Table 2 Effects of different energy concentrate supplement on production performance and blood metabolites of growing yaks
i H (i g A e R Al T 1 A7 o 5% P
Items LG group MG group HG group SEM P-value

H B FE AT Index of production performance

LR IAE IBW (kg) 93.72a 93. 94a 93. 56a 2.35 0.998
KKk T FBW (kg) 168. 61a 171.22a 174.17a 3.17 0.787
FEHHIEE ADG (kg-d ™) 0.62a 0. 64a 0.67a 0.02 0.507
FH R A E ADMI (kg-d ™) 3.80a 3.71a 3.75a 0.07 0.887
BIEILF/G 6. 20a 5.79a 5. 64a 0.15 0.310

1fiL 75 A= 4k 48 4% Biochemical indices of blood

M GLU (mmol-1.° ") 2.54a 2.48a 2. 74a 0.14 0.763
HM=# TG (mmol-L™") 0. 36a 0.37a 0. 35a 0.02 0.948
BHEEE TC (mmol-1L 1) 1.33a 1. 26a 1. 34a 0.09 0.922
4% 1 g 2 1 BB HDL (mmol-1L ") 0.87a 0. 80a 0. 88a 0.06 0.848
%% 1 Mg 2 1 BB E % LDL (mmol-1L7") 0.33a 0. 35a 0. 34a 0.02 0.928
BB RE NI R NEFA (mmol-1L7") 0.052a 0.097a 0.073a 0.02 0. 580
MPUAEALRE S T-AOC (U mL™ ") 3.40a 2. 40ab 1.41b 0.27 0. 006
N 8 MDA (nmol-mL ) 1.96a 1.70a 1. 50a 0.19 0.615
A et kot S Ak GSH-Px (U-mL™") 62.39a 45.95a 68.59a 5.15 0.199
A KM E GH (ng-mL ") 1. 86b 2.73a 2. 84a 0.16 0.015%
B % INS (mIU-L7") 2.77h 4.17a 3.02h 0.20 0. 006+
W 8 FE AR KN T 1 IGF-1 (ng-mL™") 30. 61b 54.97a 53.09a 3.42 0. 002%*
W 8 E AR KN 2 IGF-2 (ng-mL ") 5.29b 7.22a 7.60a 0.39 0.027%

[ AT A /NG 78RR 25 57 B 3% (P<<0.05) . *f83& P<<0.05; **f{ % P<C0.01. Different lowercase letters in the same row indicate significant
difference (P<C0.05). *: P<<0.05; **; P<<0.01. LG: Low energy group. MG: Medium energy group. HG: High energy group.

YEA TR H A MR S5 H IR, 2 T Bray-Curtis BB 9 NMDS 2 T LG MG M HG 4194845 B BUE W
& A, R MRS [ R 2 7K P RS AR AR A U4 2 9 A WA s Al AR Y 52 e 22 5 1 2 (181 1CL, P=0.025) , H.
HG?H%ﬁFTE?%ﬁzlii‘HXff:J:,ﬁ\fiﬁVﬁéﬂﬁzi—‘ttﬁ%EPo BT ERMBA R LG A4 W e IE i 4 N E 22
B 2 A G B BRI ] V5 AR A At A 2 o R 0 5 s MG 21 4 A Tl A 0 RE 1) 2 RS A 32 BE AL o R 1 9 PR
A 0 At A 2 5 R 0 S 3 A2 P AR Y [ B A 3 R e R Y S 0 s HG 24 AR A W IR T 2 A AR
2 BEALE S 0 HICRR ] VAR R A A 2 AR A B 34 2 0 S 1 ok AR Y S B Ak R B AR s e (18 1D) o
2.3 FRARBAKFAFA T A KIAEF B F A B 2R 0

BT Upset BRE /04, K LG MG FTHG 20 A= KA FE 298 8 40 9 TR 3] 69986942 A1 6931 > ASVs, Hr
LG MG FITHG A3 A /Y ASVs A 13804, 11 LG LKA B ASVs A 46154, MG 4L A 19 ASVs 47 45294, HG
HFFA W ASVs A 46154 (Bl 2A) o AETTKV A R 20 8] A= K 30 48 4 96 W 0A= W 0 7% 41 32 %8 8 27 FL AT T T
(Bacillota) \#L#T 1 '] (Bacteroidota) i £k I8 '] ( Actinomycetota) Fl# & 40 B '] ( Patescibacteria) , 2 5 95% LA I
(1#2B) . P 2C Fros , A [5] 40 16) 48 4= 9 18 302 W A 9 20 07 B K CF B Ry 00 3 T i 32 2808 3% R IR IR B
(Prevotellaceae) . B 1 [ilﬂ(Lachno%plraceae) PRI B B (Rikenellaceae ) Bl B2 i€ 1§ £ ( Oscillospiraceae) JJ5i B & &t
(Ruminococcaceae) 1 7 B 7 B #% # Bl (Christensenellaceae) ; 1 Xylanibacter . B #F # £ RC9 % W J&
(Rikenellaceae_RC9_gut_group) . ¢ B i B 2% B B} R-7 & J& (Christensenellaceae_R-7_group) | & B B # &
(Ruminococcus) %5 AN Ta) 20 18] 48 4 983 18 1A R 7 20 AR J& 7K 7 B iS5 i (181 2D) o
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Fig. 1 Effects of different energy supplements on rumen microbial community diversity in growing yaks

A B33 e A W REVE Alpha 2 FEHE Y Chao 148 ORI Shannon 48 50 C i M A W REVE Beta 2 FE M9 NMDS 85 D Sy %2 FIRE Y fif B 45 41 Il 4E
R E A REEA R E R, LGARRERA ;MG PRERE A HG: mhEm 4], T . A and B represent the Chao 1 index and Shannon index of
the rumen microbial community Alpha diversity, respectively; C is the NMDS plot of the rumen microbial community Beta diversity; D shows the
influencing factors of the rumen microbial community composition in yaks among the groups. LG: Low energy group; MG: Medium energy group; HG:

High energy group, the same below.

2.4 FRAREAKFAFA T AR B T A DB LY 0 £5F 540

Sk it — 2L B 5 AN TR) BE ek KPR AR R AR R U 2R 0 T A R 04 R e SR T M B S0 3 T 0
(linear discriminant analysis effect size , LEfSe) 4387 & 8 & A [5] 25 (5] 9 W 50 A= ) HF Vi 405 ) 2 5 B RS #IBL E 2 7K 7
A (K 3) o FEFHKF L T B (Anaerovoracaceae) \PeH15 78 HG 41/ K WIAE 2R B MU/E WS P B %
(P<<0.05) , T 1 #/F # H BSI11 % & & (Bacteroidales BS11_gut_group) . 37 % & K & H K & %4 W &
(norank_o__Rickettsiales) % 7E MG 20 A= K W 4E 4= 0 B 0 A= W 1 v b B 35 3 4R (P<<0..05) , IR A 4 UCG-014 K
% W B (norank _o__Clostridia_UCG-014) 7£ LG 20 A= K W 4E 4= 88 18 oA W BF v b . 3% | 4R (P<<0.05) . EJE 7K
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Fig. 2 The effect of different energy levels of supplementary feed on the composition of the rumen microbial community in
growing yaks
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A represents the Upset analysis of rumen microbial communities among different groups; B represents the rumen microbial community composition at

phylum level; C represents the rumen microbial community composition at family level; D represents the rumen microbial community composition at
genus level.
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Fig. 3 Analysis of differences in rumen microbial communities of yaks during growth periods under different energy levels of
supplementary feed
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Fig. 4 Analysis of factors influencing the changes in rumen microbial community structure of yaks during the growth period
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