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Abstract ; [ Objectives ] This experiment was based on the fertilizer yak as the research object,to explore different dietary concentrate to

roughage ratio effect on the body metabolism of fattening yaks. It was expected to provide reference for the regulation and control of diet
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in Qinghai yaks in the process of large-scale, industrial and modern breeding. [ Methods] 15 yaks had been randomly divided into
3 groups. The yaks had been fed with different concentrates to roughage ratios ( group A: concentrate : roughage = 3 : 7, group B:
concentrate : roughage = 5 : 5, group C: concentrate : roughage = 7 :3). After regular feeding 90 days, these fasting yaks had been
slaughtered during early morning. Then we collected the rumen fluid and the rumen epithelial tissue through 16S rRNA high-throughput
sequencing, gas chromatography, RT-qPCR ,and Western blot test methods to explore the changes of the structure of rumen bacterial
flora, rumen fermentation parameters and the expression of volatile fatty acid( VFA) transport vector in rumen epithelium of house fed
fattening yak in diets with different concentrate crude ratio. [ Results] The ratio of concentrate to roughage significantly affected the
structure of rumen bacterial flora. The results showed that the ratio of concentrate to roughage had significant effects on Firmicutes,
Bacteroidetes , Spirochaetes, Lentisphaerae and Tenericutes in rumen bacteria of yaks. The relative abundances of Bacteroidetes,
Spirochaetes and Lentisphaerae significantly increased with the increase of the proportion of concentrate (P<0.05). The relative
abundances of Firmicutes and Tenericutes significantly decreased(P<0.05). On the level of the genus,with the increase of concentrate
proportion, the relative abundance of Rikenellaceae RC9 gut group , Christensenellaceae R7 group ,Saccharofermentans , Succiniclasticum
and Lachnoclostridium significantly increased ( P < 0.05). Ruminococcus and Bacteroides in group C had a relative abundance
significantly lower than group A (P<0.05). Prevotella, Pseudobutyrivibrio and Treponema in group B and group C had a relative
abundance significantly higher than group A(P<0.05). The rumen pH and VFA were significantly affected by different concentrate-to-
forage ratio diets. With the increase of concentrate-to-forage ratio,the rumen pH value of yak decreased significantly (P<0.05). The
concentration of propionic acid,valeric acid and total VFA significantly increased ( P<0.05) ,while the concentration of acetic acid and
acetic acid/propionic acid significantly decreased (P<0.05). The concentration of butyric acid and isobutyric acid in group C were
significantly higher than those in group A and group B(P<0.05). The results showed that downregulated in adenoma gene ( DRA) ,
putative anion transporter 1 gene( PATI) ,monocarboxylate transporter 1 gene( MCT1) and monocarboxylate transporter 4 gene ( MCT4) ,
which were involved in the absorption and transport of VFA in the rumen epithelium increased significantly in mRNA level with the
increase of the proportion of dietary concentrate ( P<0.05).The anion exchanger 2 gene (AE2) significantly decreased ( P<0.05). And the
protein levels were consistent with mRNA. With the increase of the proportion of concentrate and roughage in the diet,the production
performance of yaks,including the average daily gain,feed conversion ration and slaughter percentage also increased. And there was a
significant difference among them ( P<0.05). [ Conclusions ] High-concentrate diet could increase the relative abundance of non-
cellulolytic bacteria in rumen of yak,and rapidly convert a large amount of energy feed and protein feed into VFA ,which could provide
energy for the body. VFA transporters in rumen epithelial cells are activated to increase their expression,and VFA transporters into the
blood to enhance the lipid metabolism substrate ,achieving the effect of rapid fattening ultimately.

Keywords : house-fed yaks; dietary concentrate to roughage ratio; rumen bacterial flora; volatile fatty acids ( VFA) ; VFA transport

carrier ; production performance
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Table 1 Composition and nutritional level of concentrate

A5 L B Concentrate composition K/ % Level EFEH Y Nutrient level K/ % Level
FEK Corn 71 {1 BE Metabolic energy ( ME) @ 13.14
L FH Soybean meal 10 TH i Dry matter( DM) 90.45
32 Rapeseed meal 5 HMBE A Crude protein( CP) 15.43
HEH1 Cottonseed meal 8 MBI Crude fat( CF) 3.51
327 Rapeseed oil 1 FRYEVR LT 4E Acid detergent fiber( ADF) 5.29
IR Z M Na, HPO, 1 PRI LT 2 Neutral detergent fiber( NDF) 13.33
f1H; Stone power 1 R & AL5 %) Hydrocarbon 8.04
£k Salt 1 HLKSY Ash 6.08
i £ Swell soil 1 45 Calcium 0.83
FURE Premix? 1 W Phosphorus 0.42

VA kg BN TR Bk 9.0 g3 1.8 @i 6.0 g5 #F 10.0 g3l 100.0 mg; 6 25.0 mg; 4 25.0 mg, P ARIHREM AL KI-g 'L
Note: VPremix per kg product:iron 9.0 g;copper 1.8 g;manganese 6.0 g;zinc 10.0 g;iodine 100.0 mg;selenium 25.0 mg; cobalt 25.0 mg. @The

unit of metabolic energy is kJ-g™'.
1.2 #HRRE

IERGRI A B e A 25 1 12 h Je T B a2, R EWORAE  BUHE B U 0, R K A — kM 10
mL JES R BUE B WA T, 8 T 10 mL KR .08 T s AR AR, 7 2 -80 C kAR A4 .
Je T VAR A A A R 2 R A 5K 10 mL B0 IR B 4 °C (12 000 remin”™' B0 5 min, ¥ BIFIRT BB E
B 5 mL B0, -80 CHRAF, Tl i B R RESHL,

B FRHSURE TS IBOR S E R (9 EEE W EEFIEE %) & T, 1] 1xPBS #2404
Vet W A Z K8 BB BT R 4 em® HURIFELA 2 mL RAFE b, S BB TR R, 24
FFTE-80 C KA, HI T RNA FIE H 2,

1.3 KFS5H*

1.3.1 EBHEENE 405 DNA fHRECE 8 D4015 ZE(H DNA $#2HUA ] £ (D4015 Stool DNA Kit) #E47,
FJH ABI GeneAmp® 9700 % PCR X HEFT PCR k6, Bt 16S v3—va KEEE 51 W19 35 5 K 3, 519 4
341F; 5'-CCTACGGGNGGCWGCAG-3'/806R ; 5'-GGACTACHVGGGTWTCTAAT-3', PCR % fH| 2 x Phanta
Master Mix,30 wL WK Z :2XPhanta Master Mix 15 pL.Bar-PCR primer F(10 wmol-L™" )1 pL.Primer R
(10 pmol-L™")1 pL,Genomic DNA 10~20 ng, £t ddH,0 % 30 pL, PCR [ % Z%{.95 C Hi 25 1 5 min;
27 MEFF:95 °C 30 5,55 C 30 5,72 C 45 s; M ZE.72 °C 10 5,10 C o, HIKEIEIF LTI A
Nlumina #75C PCR AW Y3 9739 25 oI5 X5 7= 90 2847 B B b el SRR I G0 2 850 I ok 8
20 g-L7' FLJE 80 V HLUKEF[E] 40 min, 5P BN H 4547, #FH Thermo Scientific 23 ] GeneJET JiZ [H]1
WA & B aifer=9, FEME 16S rDNA Kl iy re i 4 8 2 A Wy R A RN 7] 58 A%

1.3.2 EBEEBESENE HE pH (ENE  BCE &5 F IR B, 2 i85 3 5 mL i,
FH pH i (FEZF 0, 805 . PB-10) M5, B AR IR PR AR I 15 VAR &, i 8 4 °C VKAR 2812 R, F R s
8 000 r+min~' 0> 10 min, wHL 10 mL 8 H & EIHR, BIAZOE A 3 mL AR R 1:1 ) 25%
BB 225 VA TR 0.6% 2- ZFE T RRIBA W, A -20 CUKA, LI%E VFA S EIE, VFA &SR
PRz [ pk A2 SO R (U T S HE GC 2014,

133 EB LK VFA HIZHEERRIEEMNE FIH Trizol 2AHA L A5/ TN EEDIRE | L BEVE
U A BN LS RNA, R TaKaRa SO sl &0 64T cDNA BG4, 9T 15 ¢DNA {R4F T -20 C vKHi .,
RT-qPCR 5¥y350 A LA TAY) TRA RN, 515 W4 2, #H ChamQ Universal SYBR ¢qPCR
Master Mix K605 % P A 17 R 5% 32 28k AR 2 IR mRINA B 23K 7K, 2 17 72 W) 22 s i 1 2 G I 4 S v, )
GAPDH INZ: DL A 4 A%k FRZH R A 27*4r i H YL R mRNA AN kK
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R2 EHZEEE PCR WEIHFF]

Table 2 Primer sequence of real-time fluorescent quantitative PCR

H 5L H ElL/2) RS TN/ bp
Target gene Primer sequence(5'—3") Login ID Product size
DRA F:TTGTGCCGCTGTTCT/R : CACTGAGGAGCCATTC BC134586.1 103
PATI F:CCAGTGCTTCCCTGTGAG/R : CGCCTTGGGTAGGTCTTG BC123616.1 151
AE2 F:CCAAGTCGGCTCAGGAT/R : CGGAAGTCGCTTAGGTAGTG NM_001205664.1 148
MCTI F:CTGGCAGCACCTTTATC/R : GGTCCATCAGCGTTTC HM061149.1 109
MCT4 F:TGTGTGTGAATCGCTTTGGC/R : CCAAACCCAAGCCAGTAAGGA NM_001034034 141
GAPDH F:CAAAGTGGACATCGTCGCCA/R : TGACGAGCTTCCCGTTCTCT XM_005887322.2 150

VE:DRA IR PR I R R Downregulated in adenoma gene ;AE2; BAES Az 25 14 2 #£[KH Anion exchanger 2 gene ; PATI ABE BB i s R A
1 3L} Putative anion transporter 1 gene; MCT1 . HURTRFEZ A 1 3B Monocarboxylic acid transporter 1 gene; MCT4 : FRLIRTRT; iz 4014 4 F
A Monocarboxylic acid transporter 4 gene. T[], The same below.

134 EB LK VFABIEHEEARZENE I10E QMR EN SRIRS AIE R IF A2 B EH,
B RO FE % 19 Lo hn AR 1 40 0 57 PMSE FIwE IR B4 1 700, 2R B AR E (B s K
BCA iR &) . ¥W—1bE AR LA R3] PVDF B8 1,50 g- L' BSA M1 1.5 h, II—Pt 4 CHEIRF
F L, T TBST Pk 3 Wk, AR 15 min, I =HUWFH 1.5 h, TBST ¥k 3 1K, AKX 10 min, ] ECL fb2# & it
R EHAT R PR R L WK 3,
®3 HABHELG
Table 3 Antibody dilution ratio

HiEH — YRR 7)) ZHURRRELL
Target protein Dilute ratio of first antibody Second antibody Dilute ratio of second antibody
DRA ( Proteintech, Ag3816) 1:1 000 ITE =27 1:4 000
PAT1( Proteintech ,24775-1-AP) 1:1 000 IEZX7i% 4 1:4 000
AE2( Proteintech ,26332—1-AP) 1:1 000 T =78 1:4 000
MCT1 ( Proteintech,20139-1-AP) 1:5 000 e e 1:4 000
MCT4( Proteintech ,22787-1-AP) 1:5 000 [IIE7in A 1:4 000
GAPDH( Proteintech , 10494—1-AP) 1:5 000 e 1:4 000

1.4 HEFKITE5HH

AR AR M T Excel 2019 AR A0 B BT 58, 1T SPSS 20.0 H44% Bl i 47 B R 2 5 22 43 A #
LSD WL ZH R, Bl “x=SE” F£n ,P<0.05 Fn 5 B3 . H Image) FA4XF 8 4T HEA T K BE 2 A
PR RAE  BEit o 45 - GraphPad Prism 8.0 X2 |

2 ZRES

2.1 HBRBEEETEFEEREYSHEENEm
2.1.1 FEHBEEREY 16S rRNA MFEARHEE 13 4 Pros A 20740 v] W R GRS & T B
RN C 41, WG HRRRE LT, 2 B IRGE A8 B 09 Chaol \ACE  Shannon 1 Simpson Z#£PE45
BIA TR AT (P>0.05) ;C A ANH B 26 R0 T A 410 B 41,

x4 BEFEEMEY 16S rRNA Tl F E AL

Table 4 Basic data of 16S rRNA sequencing of yak rumen microorganisms

Alpha ZFEMFE4L Alpha diversity index A 21 Group A B 41 Group B C 4 Group C
AT WL FPEL Observed species 1 836.67+£10.23 1 731.64+12.02 1713.25+9.83
Chaol F§%L Chaol index 1 875.65+11.32 1 885.36+12.25 1984.77+14.13
ACE %1 ACE index 1 807.56+13.30 1823.58+11.27 1897.24+13.35
FHeR%L Shannon index 8.24+0.02 8.29+0.04 8.34+0.03
3 FRFEHL Simpson index 0.99+<0.001 0.99+<0.001 0.99+<0.001
%/ % Coverage 99.57+0.08 99.68+0.06 99.82+0.04

TE: A B.C ALRRPEHLEL 23300 3:7.5:5. 7 :3 (i bb) . Tl

Note : The ratio of concentrate to roughage in groups A,B and C is 3:7,5:5,7 :3( weight ratio) ,respectively. The same below.

H I 1 AT, 3 A OTU D8k 2 032, i A 201 B 42 [H4EA 239 4> OTU, A 4H A1 C 2 22 )4t
£ 198 4>, B 41 C dlaj A 213 4>, A B.C 3 AEE R OTU 518 619 195 149,
2.1.2 HRBHENMESESHEEXNERE (M. BAFE)BNHMm  hE S5 ol s, HHREH & 2w e
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T AR A AR T TR AP R, 7R 1K
R RS- B M F T, Firmicutes F1 Bacteroidetes #H A B
K 2 G113 80% ~90% , FELs XTI S HRE . H UK HL 619 [ 20 19

bk S Xt 4 4= 98 B 40 B 9 Firmicutes. Bacteroidetes .
Spirochaetes , Tenericutes F1 Lentisphaerae 52 2 2% ( P<0.05) ,
Fiti 5 AL L 51 T 57, Bacteroidetes | Spirochaetes Fl1 Lentisphaerae
MXTEERZF T (P<0.05) , Firmicutes il Tenericutes AH X} 149
FEBETFE(P<0.05), 18 K L, Prevotella.
Rikenellaceae RC9 gut group F Christensenellaceae R7 group #H
BB . BEEORDRH BT R A R 10 (B S RERRRREN OTU XS
HEBR T Ruminococcus \ Pseudobutyrivibrio 1 Bacteroides T[4 Fig.1 OTU cluster analysis of yak rumen
Hh, HR TR

C

microorganisms in three groups

x5 BRGHELESESEEIMEKFHBRMm

Table 5 Effect of dietary concentrate to roughage ratio on rumen bacterial composition of yak

in phylun and genus level %
4125 Category A 4 Group A B 4 Group B C # Group C
] Phylum
JERERE ] Firmicutes 50.69+0.56* 45.84+0.50" 42.62+0.77°
AT ] Bacteroidetes 38.34+0.50° 40.43+0.75" 42.15+0.45*
AL ] Proteobacteria 3.45+0.28 3.49+0.16 3.58+0.16
B2TERE ] Spirochaetes 1.84+0.12°¢ 2.80+0.23" 3.95+0.10*
¥ 8 ] Planctomycetes 1.27+0.08 1.31+0.04 1.34+0.07
FERCERTE ] Lentisphaerae 0.52+0.06° 0.87+0.05" 1.18+0.07*
T ] Actinobacteria 0.76+0.05 0.68+0.06 0.57+0.08
BRBEF ] Tenericutes 0.86+0.06* 0.52+0.02 0.40+0.01
L 4EFFET] Fibrobacteres 0.45+0.05 0.40+0.07 0.32+0.05
H. 3% ] Synergistetes 0.36+0.05 0.21+0.03 0.19+0.02
J& Genus

KR Prevotella 14.04+0.80" 18.574+0.64* 20.53+0.48°
BRI B} RCO B HE Rikenellaceae RC9 gut group 9.78+0.55° 12.17+0.51° 14.38+0.42°
v TS AR R R7 BE Christensenellaceae R7 group 8.81+0.50° 10.92+0.36" 12.96+0.36*
Saccharofermentans 5.70+0.19°¢ 7.75+0.33" 9.82+0.25°
Je B ERTE 8 Ruminococcus 8.31+0.18" 7.29+0.38 5.89+0.57"
R TRRINEE Pseudobutyrivibrio 5.91+0.26* 5.65+0.29* 4.70£0.39"
FEIRHIRTA)E Succiniclasticum 3.48+0.28° 4.47+0.25" 6.03+0.17*
AT B Bacteroides 5.57+0.32° 4.38+0.40" 3.40+0.29"
FLECHEE B Lachnoclostridium 2.78+0.14° 3.92+0.15" 4.81+0.24°
IR TER)E Treponema 1.53+0.15" 1.94£0.12" 2.03+0.16"

T AT FRER R 22 57 i 3 (P<0.05) . R AL,

Note ; Values with different letter superscripts mean significant difference( P<0.05). The same below.
2.2 HBEAELEFEELXBSHNTMm
M 6 Frs , B H KSR LT =98 pH (232 T I (P<0.05) , TR B F 2 T e B/ 79 R ok 31
W TR (P<0.05) ,NIR IR FLEL VFA YR BE 1 2 34 0 (P<0.05) , S IRV B2 A L HHE# (P>0.05)
CH TS TIRWERERT AB4(P<0.05),
F 6 ERRSHEILIESES VFA S BH2M

Table 6 Effect of dietary concentrate to roughage ratio on rumen VFA content of yak

FEFT Index A 4 Group A B 4H Group B C 4 Group C
pH {H pH value 6.90+0.06* 6.56+0.06" 6.20+0.04°¢
TR HSE/ (mmol - L1 ) Acetate concentration 53.35+1.55* 48.54+1.48" 42.58+1.41°¢
TNFZHE / (mmol - L™1) Propionate concentration 8.98+0.42° 10.59+0.31" 12.61+0.22°*
T ERWE/ (mmol - L") Butyrate concentration 3.82+0.32" 4.29+0.39" 6.34£0.19*
ST ERME / (mmol - L™1) Isobutyrate concentration 0.29+0.02" 0.34+0.03" 0.43+0.02*
PR B/ (mmol - L") Valerate concentration 0.26+0.01° 0.35+0.02" 0.54+0.01°
SR/ (mmol - L' ) Isovalerate concentration 0.63+0.02 0.64+0.01 0.65+0.01
B VFA %/ (mmol - L") Total VFA concentration 48.56+2.02° 64.75+2.23" 78.92+2.75%

LTRWTE /TNTRUE Acetate concentration/propionate concentration 5.94+0.10" 4.58+0.12" 3.38+0.14°
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2.3 HIRFBHEIEMESES LK VFA H#EHEERREZNZN

WKL 2 B, HORORS R LE Sl 2552 e <3 1) B IR 4E 408 B L VA $%8 800K mRNA ik, Horf DRA |
PATI MCTI F2i51 82 - TH(P<0.05) , A 4 MCT4 mRNA ik i B 2T B 4151 C 41(P<0.05) , 1 AE2
ik i EHFER(P<0.05) .
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Fig. 2 Effect of dietary concentrate to roughage ratio on relative mRNA expression level of
volatile fatty acid transporter in yak rumen epithelium
ARIFRERR 2257 3 (P<0.05) . R,
Values with different letter mean significant difference( P<0.05). The same below.
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