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Z ey ESF, EREN .2 AMAER B EREDETTKF LR A0, L F WA H 1 (Bacte-
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FELM X BRI S AR AT R [ sh 48 R
XRFEEA T HERAMNE, [, 18 E
TS5 T 2 AR I8 A I D RO A X R
ST T ZmroE 2 R AR 1R N 75
J L DR AT B K 58 I A s i, O B A X &R
FEAE S S X5 RE 8 f0A:  IX 3R 52 e 1) A 5 X6 T i
R A X v T X e € AR A SR BRIV BE
HAEEE X, Miyoshi 51> HFSEHGE , 4 i Ak
B KB IE A X R A B30, il iy JL
TR SRR, B WG LB A=Y 2 H
PR T 5 N NG U5 2 sh ) W T A
SR o XSRS UE B T M 5 T R
R P X R RRAE (HF 506 52 2 N FH: At £ 1
W, BT, TSI 2 sh 9 S A W 2 Y 5
M) 15 A UL

FEARAE R 75 IR R A B K55 I 2 s ), kot
e FE ISR e D A B A AR 5 YOS Y BE T FE AR
T A W DX BRI B 5T S 0N BESE A R
AW IX FR 22 e B A 500 T IR W R et
G ) R AP 2 R O 1 R R S, R,
AR K] 16S IRNA V3~ V4 X348 715 3 &
FPHOR RN A AR 2 R AR B IE Y X R
FRAE RN 0 6 A ) DX R s e i AT 9T, B TE
) I B 290 A ) DX R R AR S LA T ) =2
] ) 22 5

1 #MR5FZE
1.1 REHWEHERRE

2018 4F 11 H , LIk AE 5 1 4 1 22 B3 N
SHCRIAFR ) A~ 5 IR IGE R R A4 5 K[ F
PR J(228.0+19.4) kg | fiHE4 5 3k [ Sk
oM (198.0£8.4) kg | , LB FHBEERNEHA R
AN (LT iz R) B4, 57 24 h fFK
2 hWEEY, B R RRE S 4 R0 A i uE IR
B 2 mL FHREMEZE b, Rl E TlA
HORAE Al 1 S0 56 % T DNA $REURI S 22507 .
1.2 DNA ##ES5ilF

F4lE E.Z.N.A stool DNA Kit( Omega Bio-Tek
o], 2 ) o T U0 I R EURE L AR W) DNA L
4% 16S rRNA V3 ~ V4 X 514~ 341F (5" -
CCTACGGGNGGCWGCAG - 3') il 806R (5’ -
GGACTACHVGGGTATCTAAT-3") ,PCR JZ v &
% N:.5 uL B 10 x KOD Buffer, 5 uL K

2.5 mmol/L dNTPs, 1.5 pL 5| 4 (5 wmol/L),
1 wLfY KOD AW H1 100 ng Hit DNA, § 38 &1
9:95 CHUZEE 2 min, ffi/5 98 T 10 5,62 T
Bk 30 5,68 CHEfH 30 s, 3k 27 MEH , £ 568 C
FEAR 10 min, XF4 3 U1 0, B QuantiFlu-
or ™M T R B, JE IR M BE i B YR
AR A A MR 5 lumina ¥4 B /4 2 ¢ %F, 78
Hiseq2500 [ PE250 1= AL
1.3 HEEMERFAE

EBRITF 453 reads 1 N g5 LK T 10%
(4 51 FIMIG S5 527 41, ] Flash 1,211 ## 47 reads
PH4Z | Qiime 1.9.17° #4T tags Fif it 1k, 76 5 Gold
database (120110519 ) ¥4 & 347 %t 1t (UCHIME
algorithm ) 25 % & & 4b B | #R 4 barcode #ffi i X [
FE i, % BR barcode #1519 ¥ %1, F]H Mothur v
1.39. 1843547 2 TUAT AL PR ( https : //www. mothur.
org/) 115 tags F B, HMAHMIE KT 97% H
Uparse (usearch v9.2.645) ' 7 51 5 25 hy 43 2%
#:/E ¥.J0 (operational taxonomic unit, OTU) , f#i Fj
RDP classifier 2.2/ 5 SILVA 43222 5048 i b 47
Py Rh v B, 15 F OTU My K s B M
Tax4FUN"*" #E4T KEGG fi A= ¥ B v DhRE T
1.4 HESITESWHE

BER ] Excel 2016 #E1748 7 41 [7] Alpha £
FEE SR OriginPro 2017 B AR ECXIAEAS ¢ 4656 77 %
TR R HBEE S B EEELE R
STAMP # {4 Welch’ s ¢ #5547 4 50, P<
0.05 #nER W FE ., N Jaccard ¥ 7E OTU /K
bR BTG R LR AT 3 AR AR 23 B (principle coordi-
nation analysis, PCoA ) """ AL PE 4> #r ( analysis of
similarity , Anosim ) F1 Beta 22 FEPE 234712

2 BER55H
21 MFEER

220,10 173988 B WRE & R A5 2 JE 4G ) 51
2 332 256 5%, & E M L A RS A 80T
Gk 1 913 877 4%, F- ¥ B ANFE & 191 387.7 4%,
T M (Shannon ) i B il 2k 52 B2 A6 45, Uk B I 7
WEBTWMA(E 1-A), JF3# 5% (goods cov-
erage) N 99.6% , A XT AN TEFL AL K T 97%
B ER 2R 2 878 4~ OTU, H:if 2 340 4~ OTU
F 2 AR (B 1-B) o
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F1~F5 4350 2841 5 AR, ML~ M5 G0 BEAR 1 5 A FE S
F1 to F5 were 5 samples of female yaks, and M1 to M5 were 5 samples of male yaks, respectively.
E1 #HmEEML(A)T OTU £2E(B)
Fig.1 Rarefaction curve of sample (A) and OTUs Venn diagram (B)

2.2 EER

BT SILVA 73 K285 /R A RDP 73 2K T A
FE A B8O 8 B 53 28 BT BB 7] 43 280K
Fo FOKE b A A B T 99.90%
JIT A B LA I 2] 10 A1, 2 AP0 K 4 AR
AAARL, o 48 AT T 1] ( Bacteroidetes ) | 2 1 T4 1]
( Verrucomicrobia) FlIJEEE [ ] ( Firmicutes ) &/ %
BT, BE S SF H A X Ay N 51, 74% |
15.00% 1 14.34% (€ 2-A) . 6@ AKE I, G
J&_ 1 ( Prevotella _1) . ¥ #ff & B RC9 7 & B
( Rikenellaceae_RC9_gut_group ) FIH 5 Ik B # B _
UCG-001 ( Prevotellaceae_ UCG-001) & L # 1 J& |
SEIARXS AR N 16.11% \7.74% 1 3.43% , /N FF
A= R A3 2R B 78 Fe A9 430 R 50.9% Fi1 44.3% (&
2-B).
2.3 Alpha S MIEH

1 AT UL, 2 2R Sobs TR N 2 689, 1%
FE T A (P<0.01) , AR BOC B EHEH 25
(P>0.05),
2.4 Beta ZHEEDH

W Jaccard B ETE OTU 7K B Xt Al A AL 5
HEAT PCoA (18] 3—=A) , AT LAFE 2 AN B A EE &
IR R 2 2 U 2 A )R B A M X R A
AR 225 . Anosim 25 R R IFE AR R B R
2H AT AE B YRR 22 5% (P<0.05) (] 3-B) .
2.5 &R EERIFSH

Fl STAMP v2.1.3 i) Welch’ s ¢ #3076 | 1 /K -
FUE A L 47 M ] 8] Py Fh 22 5 50 B, fh L 4 ]

UL TI7KE 4 2 M 00 22 1) T B 25 22 57 (P>0.05) ;
J& /K I, A ¥4 Rikenellaceae_ RC9_gut_group HY
FAXT 3 = T R4 (P<0.05) , BEFE R Pre-
votella_1 , & 12 & Bl AC2044 #f ( Lachnospiraceae _
AC2044_ group ) . Saccharofermentans . Anaerovorax
M Elusimicrobium B FA Xt F B B &5 T A 4
(P<0.05) .
2.6 ThEEFM

FH OriginPro2017 T. B X 4 4~/ B 4 W)
TAXA4FUN il 2 GE BEAT ¥ 591 2 18] 22 5 Welch” s t
R, B2 2 A UL FE AT E EE R T 0.1 % 1 Bt 1)
AEH, BE A4 40 & R | 52 R N 5 58 /IR AR W) &
( phenylalanine, tyrosine and tryptophan biosynthe-
sis) RMEFH FEAEICET ( fructose and mannose me-
tabolism ) ., 3 Wl i1 78] 25 0 & 2 AH B %% 1L ( pentose
and glucuronate interconversions ) . %l & iz . 5= & R
5 55 = R 4 W) & B (valine, leucine and isoleu-
cine biosynthesis) \{Z FREL FIGHIEE A A4 5 W ( pan-
tothenate and CoA biosynthesis ) Flf H 4k 2 4t ( sul-
fur relay system ) 55 Tl By BB (4 AH X = BE W 258 T
IS (P<0.05) 220 3 AL 1) Tl K 15 B 0 T =2
1&{5 5 18 #% ( PPAR signaling pathway ) | M- iR i jth
(one carbon pool by folate) . 4= [4] & J% ( legionello-
sis) B Wy R R i} (lipoic acid metabolism ) | ¥ 4
JE T B AE ( plant-pathogen interaction) | iifi 28 & 22 4=
Y14 1 (terpenoid backbone biosynthesis) . #fi %2 ik
W6 1 (lysine biosynthesis ) | 4 fitd Jii] ) — 2541 18
(cell cycle-caulobacter ) | H i # A 18 4 ( glycero-
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phospholipid metabolism ) F1 g £ #¥ 4= ¥ & A ( li- AU, BRI A, A/ Y B B A A
popolysaccharide biosynthesis ) 4§ i Jlll T 68 #4) AH X BORARHS, P& HEF 5 FEfg  RBEIE N, N3 W &
FHEWE S T4 (P<0.05), XEYREFEW K 5, AR SIET, kKL E P B R
il A W R AL & W e A8 A gE AR

A
100 Unclassified
B Other
30 W Elusimicrobia
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m Cyanobacteria
60 Spirochaetae
m Proteobacteria
40 W Fibrobacteres
Lentisphaerae
20 Firmicutes
M Verrucomicrobia
o B Bacteroidetes
7 Female £ Male
B 100 Unclassified
W Other
80 W Treponema_2
W ChristensenellaceaeR-7_group
60 B Ruminococcaceae UCG-010

Erysipelotrichaceae UCG-004
Fibrobacter

Horsej-a03

Prevotellaceae UCG-003
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Rikenellaceae RC9_gut_group
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40
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=
mn

/> Female £ Male

Bacteroidetes ; ${ T 1% | ] ; Verrucomicrobia : P & [ ] ; Firmicutes : B2 ] ; Lentisphaerae ; 25 iR BRI %11 ] ; Fibrobacteres ; £F
YEFT T 7] ; Proteobacteria : Z8 /2 T | ] ; Spirochaetae ; B2 i€ | ] ; Cyanobacteria ; #5 41 | ] ; Tenericutes : 4K B 5 | ] ; Elusimicrobia ; 2%
BETE ] ; Other ;: HiAth ; Unclassified : A< 5325 531 ; Prevotella_1 . 3% [C B J& _1 ; Rikenellaceae_ RC9_gut_group : FRAJF 1 £ RCO Ji7 i
T ; Prevotellaceae_ UCG-001 ; 3% 75 % [C & Bl _UCG-001 ; Prevotellaceae_ UCG-003 : 3% 75 i% [C B Bl _UCG-003 ; Fibrobacter ; £ 4
FTH J& ; Erysipelotrichaceae _ UCG-004: 55 52 ¥k i £} _ UCG-004; Ruminococcaceae _ UCG-010: $f 3% & £ _ UCG-010; Chris-
tensenellaceae_R-7_group : %2 & H R-7 7 ; Treponema_2 ; B2HEAR}_2,

2 INHESEBITKE(A)FEKE(B) HEHEK

Fig.2 Bacterial composition at phylum level (A) and genus level (B) in rumen of Huanhu yaks

F1 . BEFEBEREY Alpha ZHIEIEH

Table 1 Alpha diversity indexes of rumen microbiota of male and female yaks

i H Sobs F5 %L ELRUE R AR R Chao 7% Ace 751 FPo B
Items Sobs index Shannon index  Simpson index Chao index Ace index Goods coverage
% Male 2 689+91% 8.72+0.21 0.991 7£0.002 7 3 154.1+148.7 3 107.3+x141.2  0.996 1+0.000 8
+): Female 2 571+78" 8.42+0.21 0.990 0£0.002 4 3 079.8+157.1 3 051.5x148.3  0.995 4+0.000 7
P {H P-value 0.008 0.100 0.169 0.431 0.470 0.347

[R5 B B AR AN KB PR 2 Ff 3 (P<0.01) , TP FRREF AR E(P>0.05)
In the same column, values with different capital letter superscripts mean significant difference ( P<0.01) , while with no let-

ter superscripts mean no significant difference (P>0.05).
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R?=0.576, P=0.008
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Fig.3 Beta diversity of PCoA (A) and Anosim (B) of rumen microbiota of male and female yaks

=3 /) Female 3 £} Male 95% confidence interval 95% & {5 X I8

Rikenellaceae_RC9_gut_group e —_—— ! 0.016
Prevotella | et by i 0.018 2
Lachnospiraceae_ AC2044_group | o) 0.021 ¢
Saccharofermentans § d 0.031 ;\;1
Anaerovorax | é 0.042 &

Elusimicrobium b ro 0.050

|
0 36.9 -15 =10 -5 0 5 10 15 20

P LB Mean proportion/% FHILLBIZ R Difference in mean proportions/%

Rikenellaceae_ RC9_gut_group: B # £} RCO Wil #¥ ; Prevotella_1 . 3% [ % J& _1; Lachnospiraceae_ AC2044_group : IR H
B AC2044 #,

4 R EBESGZEESYHSHT

Fig.4 Analysis of differential species between male and female yaks

®2 WMHE4MANZEENFEFEFREEROTNIIA

Table 2 Predicted functions with different relative abundance between sex of Huanhu yaks %
5 2 KF % 3K B4 NGE
Level 2 Level 3 Female Male
W R 2R AL & Wy A R R 26 A6 5 W g A3 A AW 5K L 10 117
Metabolism of terpenoids and polyketides Terpenoid backbone biosynthesis ’ '
Z WAL FE A ZEYE K 0.80 0.75
Pantothenate and CoA biosynthesis ' o
B 7 A2 R A PR i Tt 0.55 0.57
Metabolism of cofactors and vitamins One carbon pool by folate ' ’
K 1135 5 A 3
_ RIRRALH 0.15 0.18
Lipoic acid metabolism
RAACH LERUIL T AW i) 0.97 11
Lipid metabolism Glycerophospholipid metabolism ’
Y g5 ) s
fle e IS 0.33 0.36
Infectious diseases Legionellosis
BB A= ORI Jig Z WA= 5 0.85 Los
Glycan biosynthesis and metabolism Lipopolysaccharide biosynthesis o o
= = : PRG
P& A5 R i 4k R 5 0.50 0.46

Folding, sorting and degradation Sulfur relay system
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gk 2
% 2 K %3 K B4 NGE
Level 2 Level 3 Female Male
PRI 3 L S5 A 0.31 e
Environmental adaptation Plant-pathogen interaction h h
[P U/ T SR A Tl A T Y 2 A S 012 0.13
Endocrine system PPAR signaling pathway ' o
A 5IETS 240 ) 300 — 25 AT TR 1.77 1.01
Cell growth and death Cell cycle-caulobacter ’ ’
OB EpE A |52 141
kAL S Wit Fructose and mannose metabolism ' '
Carbohydrate metabolism TN B I 2 BT R A HL A AL 0.66 0.57
Pentose and glucuronate interconversions ' '
TRTR R | T SRR €0, 2R 1 A 6 103 0.87
Phenylalanine, tyrosine and tryptophan biosynthesis '
AL WER 5t AR 5 J IR AW 6 0.48 0.49
Amino acid metabolism Valine, leucine and isoleucine biosynthesis ' '
=i A
MRBEN &R 1.14 1.28

Lysine biosynthesis

P FTHNE 3 KA BELE 2 ML 2 [ 35 A7 35 22 5+ (P<0.05) .

Relative abundance of listed predicted functions at level 3 had significant difference between 2 sex groups (P<0.05).

3 4t it
3.1 NHESBEMEYRX REFE

WL EH B 2 R By
KR X B i AE W e A7 75, (A R
TE T R o i P A R A W 2R TR 2 A
W Z TRl 22 S R AT BE 9T . A B 9E 45 2R b Bacte-
roidetes . Verrucomicrobia il Firmicutes +2 ¥ ] 4 24
JEE RS, TETTKE 2 AN 2z 8]
F W 2% 5, Prevotella_1 JE L HWIE, &%=
VR 168 rRNA 5 B SCHE Y 7 B 50 T
TCHCFE AR AN R AR A9 B AR i) 2R 4
FWFE 48 H AR Y 2 M % S, Firmicutes Al
Bacteroidetes »& 2 Ff 55 5 75 2 T FE 408 H B D)
LA TE T, Xue D52 < (a4 28 A AR
90 B A W X ZR R ) F 5 45 SR 2R B Firmi-
cutes , Bacteroidetes 1142 JE 14 [ ] ( Proteobacteria ) /&
FEA LT, % [C W J& ( Prevotella) JE A
J& R S AR G5 A — B, A SR A 4
FETT R NIRRT HGE A EE AR S U A8
A A B IR AR 1 25 S O 5 25 0 Y AT g
JRH AN AR SCR F 16S tDNA 3734 7 = 18 0]
IR SR T 5T, I Bk 2 AN HE SR H

P S A ST Y 1%, X LR 7 A 25 S 1 T R
(K, Shen % i 5r R, bifi & Al £F 4t K LA 9
R A BE I, Verrucomicrobia 9 =F BE AR i
FHEN . Fujio-Vejar 25 BF 5% 45 S R W | 78 7 4F
2 F A % 18 b Bacteroidetes . Verrucomicrobia Al
Firmicutes ¥ B i &, /1 % £ & 70 5~ 43.6% .
41.6% 1 8.5% , Verrucomicrobia & PVC ( Plancto-
mycetes-Verrucomicrobia-Chlamydiae ) # 2% ] i) i
BT T RS kK E M H BA — SR ULy
TER TR, a2 2 ) S AR N R GE, iX SLHRAE 9%
PV W) A2 R A A ) . Derrien 2510 B 98 45
SR WAL A B B [ ( Akkermansia muci-
niphila) e NFE Wi R A% 1] £ LR, %
PR A8 DR A 22 R, B — RS LT
A B FI G AR D R AR R ) A B R
A B o= [T AR Al B AR 2R 5 Al = H SUIE
WITIRIT IR AR N T AT gT R
Prevotella j& 2“1 2988 B v Se 35 i 1 Jg 7
De Filippo 45" W55 & W, 7E K& R P e 4 4t 5
wEEAEMILEHE Y Prevotella F B3 |, T 7E
R Y R BT IR DT e Y RO L 2 g
H LT R & ( Bacteroides ) 3 FE# R
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3.2 MEAIHIESIE B MAEY AR

AW v Z ) 22 5 1Y & Anaerovorax
Lachnospiraceae _ AC2044 _ group . Saccharofermen-
tans J& T # W H ( Clostridiales) , Prevotella_1 J@& T
UFF % H ( Bacteroidales ) , Prevotella _1 J& Bacte-
roidales " 3= 8 % 5 19 7 J& . Sollinger %51 #F 5%
zE R W] | Clostridiales 4& Firmicutes ) B 22 41 1% i
B, HAER H A W 1k 2 4 B i oo 78 vh & 75 B AR
JH . Bacteroidales REF 2T 4E 3 , I & A GE R g 1l
VI ZHERE RN B LI T AR G 1
A VIR 5% 25 R 3R W, Lo P i 18 b oA W 2 Rk
o 15, P B i A i AL R T
1Ml Miyoshi %"V BIF 58 45 S W, A 3 S A= ¢ 4d
MASTEAEPE ) 22 5+ . De La Cuesta-Zuluaga 251"
AR N T8 A ) 52 VR R T, R o R KO
AN TR R L PR B T 25K B W, B DA 2 v oA
YWk, MBS T AEZ G B A Y
RV A BRER & . AR SRR IR A 2
INBIRUAE , A W B e Y 2 Fe e T R4
Ji I 7 R AR
3.3 EAIESFEEMEY INEER I

P52 8] 47 76 22 5 (1 TAX4FUN i o) i &
BN AL G ) R R 2L A S A, B
e A R WA, Be 2R, 15 gL T e, i A
Y& RS, 9T & HET 5 AR, SR EEE N, N 43
WRS MMARK SIET, IR A& YA 5
FRAC A, Horh 22 5 B N oK 1k & AT &= 3
PR AR SR A G T fig . vT LA 2 A 51
(R 4E 2F- 58 B T A W) D re FE M 2R AR | s SRR A
Ji I AR B 0 AH DG S5 D RE A7 A 10 35 25 57

ABIFSE B R e 38 1 I 4 RO T A e D
FEA- 988 B o A W R AIE K A S5 X A 4 2 K 1) R el
AT TS, AMUEE T3 8 W 8 A a5
MNES, WA SEEB IR AR ERE WEY
MR FIA 2 P2 1 T %, B AB R A
FF R[] A% 1y 011 53] 46 2 98 1 A 0 A g ) it
G, LB I AN [F] P 0 A A R U 3 K7 HfE DL 4
TR ) R 2 S 7 A 1 D KL AL 0t 4 s 0 TR A E ST A
W A i) R U R KT X R R 24 2 B R T
AW 2H L S

4 & it

(D Bacteroidetes . Verrucomicrobia #1 Firmicutes

EINAYEA TR E P LA ], Prevotella_1 &A1
P .

Q@ WIFELR 2 AP0 2Z 18] 96 B 1A= P 41
ZREVER T REAEAE 22 5, JU HE AH W) 1 2F 4 I A
A 2 R B3 X2 R YR al fgh 2
A0 P 2 2 A I g TR R L I R AR R T OR
[ .

@) eI B A bEdE BRI R AR
S A O D RE 1Y F B AP AR 25 57,

SEH
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Rumen Microbiota Characteristics and Its Difference between
Sex of Huanhu Y aks

HAN Xueping'*** LIU Hongjin">* HU Linyong"*® XU Shixiao'*** Al Degiang"
FU Hongyun' CHEN Yongwei® ZHAO Jianzhong®
(1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; 2. Key Laboratory of
Adaptation and Evolution of Plateau Biota, Chinese Academy of Sciences, Xining 810008, China; 3. University of
Chinese Academy of Science, Beijing 100049, China; 4. Technology Extension Service of Animal
Husbandry of Qinghai, Xining 810001, China; 5. Consultation Center of Agricultural and
Animal Husbandry Engineering Project of Qinghai, Xining 810001, China)

Abstract; This experiment was conducted to study the rumen microbiota characteristics and its difference be-
tween sex of Huanhu yaks. Five healthy male yaks [ average body weight was (228.0+19.4) kg] and five
healthy female yaks [ average body weight was (198.0+8.4) kg] during 4 to 5 years were selected, and 16S
rDNA amplicon high-throughput sequencing technology was applied to study the rumen microbiota characteris-
tics and its difference between sex of yaks. The results showed that yaks of two sex had similar rumen microbi-
ota composition at the phylum level, and Bacteroidetes, Verrucomicrobia and Firmicutes were predominant
phyla with relative abundances of 51.74%, 15.00% and 14.34% , respectively. Prevotella_1, Rikenellaceae_
RC9_gut_group and Prevotellaceae_UCG-001 were predominated at the genus level with relative abundance of
16.11%, 7.74% and 3.43% , respectively. Among alpha diversity indexes, the Sobs index of male yaks was
2 689, and significantly higher than that of female yaks ( P<0.01), while other indexes were no significant
differences between sex (P>0.05). The results of principle coordination analysis ( PCoA) and analysis of sim-
ilarity ( Anosim) showed that there were obvious difference in microbiota between two sex. At the generic lev-
el, the relative abundance of Rikenellaceae_ RC9_gut_group of male yaks was significantly higher than that of
female yaks ( P<0.05), and the relative abundance of Prevotella_1, Lachnospiraceae_AC2044 _group, Sac-
charofermentans , Anaerovorax and Elusimicrobium of female yaks were significantly higher those of male yaks
(P<0.05). Meanwhile, the TAX4FUN predicted function comparison found that there were difference on sug-
ar metabolism, amino acid metabolism, fat metabolism and disease-related functions of rumen microbial func-
tion of male and female yaks. In short, sex has significant effect on rumen microbiota composition of yaks, es-
pecially at genus level.[ Chinese Journal of Animal Nutrition, 2020, 32(1) :234-243 ]
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