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1 [5) #5 #H Eb £R) #R A R 0 B2 £ 35 55 4 X
BHEEEINRBESHIRN
OBIHE BRI mEE MR M

(179 R R MR SH AR, AT 610041 ;2. 75 5% =5 J7 sh ) 84 SRR 5
FIAHBEFE S SLIE , BER 610041)

R AR S ER R R AR b R e B3R SR (YC) M AE R B AR S A B A A
Hom, KA 3x6 HEE XXy X X, £ 3 AL (40:60,50:50,60:40) 48 P 5 3 &
6 AKF(0.0.5%.1.0%.1.5% .2.0%4 2.5% ) ¢ YC,H &t 18 R #H TR Z B, £ R A
W 1) BARAT R 2T = A E T AR & (DMD) (AL & Jit I8 i 5 (CPD) | BR M o i 41 4 T
# (ADFD) P2tk 4 445 & (NDFD) A 2 % % (P<0.05) ,50:50 2852 60:40 22 DMD
CPD .NDFD .ADFD 2 % & T 40:60 1 ( P<0.05) , 414 YC #& #n K F 2+ = 5% . CPD NDFD #=
ADFD A 2 % %7 ( P<0.05) ,0.5%%1 = 2. & # CPD 2% & T H 4 & 41 ( P<0.05) , 4Rtk
F2 YC &K F 55 CPD A 2 % 69 ZAEZ R (P<0.05) , 2) Aot e 5F pH Z &5 & (NH,-N) |
HMAHE G (MCP) A2 H B E#H 0 (P<0.05), 40:60 28 pH % % & T 50:50 214 60:40 21 ( P<
0.05),60:40 28 NH,-N 4% 2 Z1& T 40:60 ZL4= 50:50 28 ( P<0.05) ,40:60 41 MCP 4 % £ %1%
F 50:50 2842 60:40 28 ( P<0.05) ., #4% YC & mAK-F 2 NH,-N 7= MCP 42 H % % % (P<
0.05),0.5%%8 NH,-N = MCP 42 2 % & T L &40 ( P<0.05) , 3) MM b YC F sk
FaF BAEL MRS B (TVFA) &S/ LB AR F T8 . TR R0 IR LH R L/ AR
AR EH e BAFKL N (P<0.05), 60:40 28 TVFA &% f= T B4 2% 3 T 40:60 4 4= 50:50
28 (P<0.05),40:60 2L L8 F X BRWH AR B/ AR 2 EEH T 60:40 A F 50:50 4 ( P<
0.05) ,50:50 205 T BR o R ER YL 2 % 3 T 40:60 284 60:40 20 ( P<0.05) ., 1.0%20% TR . T
BR RN BR R BR W B E S TR A (P<0.05), LB/ AR B FAK T E &2 ( P<0.05), %
LA AR ST AR e YC R K P a4 RN B R B A S oM R
Fo R BERKA — v, FRRAEH L 50:50 F= 60:40 A B, YC F K F L 0.5% % 1.0%

KR,
KR ML B IEA RSN K B pH RS R B AR I R
& 4255823 X HkFRINAD A XEHS :1006-267X(2019)12-5582-13

W B IR (yeast culture, YC) 2 BEEETE (AR 'Y YO A £ & MEIERR | 5y 2 0 (450 |
R ) FE DA I T Pl TR RS BB HERRM) (B R AR AR 2 /NI Ak it 25 ) RE 1k
O IR NG IR A R S A B — R RUE S W BB, BN T R A sh U R A R ERr R

Y fE BHA:2019-05-10

ELTUE )14 E AR E “FEA-IRER & 1 B0 HARE H AR M BF5T 5 RE7 (2017NZ0042 ) 5 74145 R 2800357 1 BASK X 3 2F (424 )
7l A AR K 5 5 N 2 3

EE®N Y EE(1995—) , 5 RN BLAF5EE, sh s 3 SRR =%k, E-mail: 812193617 @ qq.com

« BIEMEE 20N, BI2# , B+ 4 20, E-mail: leo3131@ 163.com
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Bk o AR o A M B R T RV R e b R A
AT RS VE 0 R AR R R R AR AR
AU S NS SR R R SR AR AR 44 B
S W 308 5 0 2 IS 0 TR A R R T 7 ) 2B R R
PEN RS FRNE R 7. H Menke %67 % LA
i HR 3 35 LA A AR AN S 1 T AR 4 Bh i
AR PN S (14 T 1k 2% 5L 8 B IR AR DG LUK, )2 M
TR A8y Eorl fm ke 25 8 S M E 1 B 5E
TRl RRORS R B2 D s 12 24 sh 98 8 K I AR AE 11 3= 22
2 — Xt 4 sh i B 3R 58 fE Ae 1R s
wA EEE Y B S5 kR Ash Y
R, T A LR SOR BE T L R A B
TR I 35 L AORS R L X 2 sh i B A Kk
BREALEZE, MR EN, YCRRA ISR
A AR R R AR g A A R R
WSO AR AR R AR A AR R S I 150 g/d YC R
THARMER, UGE T4 R, BREKS" 5
T FEH T B AR AR R RN YC AU 3 T A
HIR A A 3R, TR B I T AR A I B T AR A BT R
fLfE 1R G0 3 M B . Williams 250 B 58 32 09, 76
WA AR TP AR I Y C e AT 2kt 4 150 1 P R Y
., HET,YC MM H FEE PR L, R0
[l P A0 sz FH A A1 72 400 F 9 AS ARG KL EE ) A v

YC WK AR IE P, A3 2R A4 b
FERIE R FEAE AN [R) RS R EE B R A 8 T AS [ K P
YC MHEA R BRSNS B R | it — 2 R
TS LS YC B IKP = B AR BARO, LA
S O FL R SRR L LE A YC BRIk, YC
TEFE A AR v B W, P RV 24 ) M 114 T o] B A3t
BB

1 #RtER=E
1.1 RIE A
1.1.1 YC

ARG BT YC 36 B E PR AEY S R RHCA
FR 2\ ] ( Bio-Nutrition International, Inc) f2t,
i st R A ag A /N ok, S SRR an R MR
MBS =18.0% , BN % =1.5% , 44 &%
W<12.0%, /K3 &E<12.0%, K5 & &<
6.0% .
1.1.2 A5 R

T T R H R R OB 2 8 45 2H A, HRE A
ST RS AT I oK TC ) Aip SRR 65 CHET
48 h J& 3 40 H 5 5 RRHRE & BN R RLEE Y
IR, IR AR 2 N S AR LR 1,

F1 RBARAMRERKE(TORER)

Table 1 Composition and nutrient levels of experimental diets (DM basis) %
gE| A5 # b Concentrate to forage ratio
Items 40 :60 50 :50 60 :40
JEB} Ingredients
K Corn 28.00 35.00 42.00
EtH Soybean meal 5.60 7.00 8.40
T K J2 HoAT %) DDGS 3.76 4.70 5.64
W JIE#> Phospholipid powder" 0.60 0.75 0.90
BRERES CaCo, 0.48 0.60 0.72
& NaCl 0.40 0.50 0.60
R Z 4 NaHCO, 0.40 0.50 0.60
TRkl Premix” 0.76 0.95 1.14
EKFHFI Corn silage 30.00 25.00 20.00
KB RE Fermented distillers’ grains 30.00 25.00 20.00
AT Total 100.00 100.00 100.00
E 37K F Nutrient levels”
T4 DM 94.67 94.63 94.68
WY HLHRE NE,/ (MJ/kg) 4.33 4.54 4.77
HFLEEH BT CP 13.71 14.12 14.49




5584 I/ B =S = S 31 %
k1

lE| FH# Et Concentrate to forage ratio

Items 40 :60 50 :50 60 :40
FR PR 4T 4E NDF 33.04 30.03 26.77
R PEVE IR A 48 ADF 21.84 19.67 17.33
4% Ca 0.42 0.44 0.46
B TP 0.49 0.47 0.45

VNS Fh K S A B N R AL SRRy T2 JEORPHRE R TR, F R R SR BEAR BN | VLEERE R S ML T i =
50% , M8 H i &% =8% , Phospholipid powder was made from soybean concentrated phospholipid and expanded corn flour as

main raw materials, the main components were lecithin, brain phospholipid, inositol phospholipid, etc., EE content=50% , CP

content=8%.

D R AN AT o AR $E 4t The premix provided the following per kg of diets: VA 1 500 IU, VD 550 U, VE 10 IU, Fe (as

ferrous sulfate) 20 mg,Mn ( as manganese sulfate) 40 mg,Zn (as zinc sulfate) 30 mg,I ( as potassium iodide) 0.50 mg, Se (as

sodium selenite) 0.30 mg,Co (as cobalt chloride) 0.20 mg,

DI S ORI AR FRARHE) (NY/T 815—2004) 1530 Hofth 5 37K ¥ R SEMIE . NE, was calculated according to
Chinese Feeding Standard of Beef Cattle (NY/T 815—2004) ') | while the other nutrient levels were measured values.

1.1.3 FHEK

TEH ALY B e i 5 kIR E [ (200+
10) kg ] AHIE A fil BREAZ HE A HE AR R IE TN P b
B HCRCREAF | B SE AT AR B AR OK  FRF LB 52 5 U
BNEY B 5 SKIEARR E W% 10101101 L
BRRA G, A J220 A0 1 98 J5 7 B2 A G R
WA CO, PR IR A S5, M7 ] 52 5 =8 A7 1A
AR TS
1.2 iRWigit

A 2R 3x6 W R 22 W Ak iR ke i),
TR ML EE A YC B AKSEAE R 2 M &R
R4 518 40:60 ,50:50 ,60:40, YC ¥ hin 7K F-
35 0.0.5% 1.0% . 1.5% .2.0% Fl 2.5% , X%
18 b A 3 AN EE
1.3 &5 =R

% & Menke %57 B L MER R, U OT
E W W (A W).: CaCl, - 2H,0 13. 2 g,
MnCl, - 4H,0 10. 0 g, CoCl, - 6H,0 1.0 g,
FeCl, - 6H,0 8.0 g, MZEM /K & 100 mL; 2% i il
(B ) :NH,HCO, 4.0 g,NaHCO, 35.0 g, /il 7% 1%
KZE 1000 mL; % & 0 2 % W (C ).
Na,HPO, - 12H,0 9. 45 g, KH,PO, 6. 2 g,
MgSO, + 7H,0 0.6 g, IZEiM7K 2 1 000 mL ; if i
FI W W (D W ): 1 mol/L NaOH 4. 0 mL,
Na,S + 9H,0 625 mg, % % 2 100 mL, I H AL,
B 520.2 mL ZE W 7K, M A 208.1 mL B #&.
208.1 mL C Wi #1 62.4 mL D ¥, B il 15 2% h Wk .
PHE T 39.5 CHEIREAKG S h A, Frgkn

A CO,, IRIGATAERIFREL 1 000 mg i 56 47 K IG5
A2 100 mL HLZETE SRR H0, 787 S 416 22 3%
T U AGE 1 Y LR, SR JG WA 50 mL 25 1 44
F 39.5 CHEEABHRIRA RS0 RE W%
Wil =12 (R T, B R % 5 50 9F HE B At
JE 8 F(39.0£0.5) CHME RS FRH PR 5% 48 h,
BAALHE 3 AEE WY E 1 MU HIRA R
W28 A BB B3 AT, KBS R K
[ —Ab B 3 AN SPATRE i e 6 AR AR 2 R
AR, AR UE R A T 9 I & & ] F J5 248
BRI 2

KR A HE % 2.4.6.8.10,12,18
2436 .48 h 5 B} [A] 551 7= R A, 0 s ad AR R A (]
B 2 h 240 1, AR T 80 mL AR e AR B
WRHEH , R ANEE 3R 25 s, S B vKOK IB 40k &
2, 04— A b B 3 A AT AR b i 8 35 W 0
TP 2 50 mL 208 T, 2RI PHS-10 #Y
i #5 X pH I & H pH, RFEH B L& T
1 684xg(3 500 r/min) T &[> 15 min, L5 K 52
F3 15 mL BOE T, RET-20 CHTAS
A (NH,-N) A48 A (MCP) FHE & % B8 i iR
(volatile fatty acids, VFA) % &= i) I % [ Agilent
6890N S A A3, I 2— 4 3 TR (2EB) fE N #x
Y, R N BR AR IE 8 1 7 iR TR A5 1 bRl b ((
T al) ¥ F Sigma AR ], IR AK TGRS O
JEE W R AR AR, o R E BB E R &, T
65 CTHEFT AL 48 h, HI T 1% 51 B fif %% ( dry mat-
ter disappearance rate, DMD) | #l & H i [ ff R
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( crude protein degradation rate, CPD) | H ¥ 1k 5 £F
YER% f# >R ( neutral detergent fiber degradation rate,
NDFD) | 2 P Uk U £F 4k 1% fi% % (aid detergent fiber
degradation rate, ADFD) 9l 5E .

DMD .DNFD ADFD #1 CPD i+ 8 A T .
DMD( %)= [ (DM,-DM, )/DM, ] x100;
NDFD( % )= [ (NDF;,xDM, -NDF . xDM, ) /

(NDF;xDM, ) ] %100,

K. DM, Nk BERTAE ST i ; DM, R
K W AR T ) T DNF 4 & BRI AP ik vk i 47
YeRE i ; NDF o8 K 5 P R R I 2T 4 I 1
ADFD #1 CPD #1155 /5% 5 NDFD #H [,

1.4 MEIERMT X

T AR N B % VI A 5 B T R T R R
S5 RN 1 40 o) 2 B ARk v K 43 1 0 2 )
(GB/T 6435—2014) ,  f B KL & A 0 & 7
2:) (GB/T 6432—1994) Rk 5 (4 5 J7 %5 )
(GB/T 6436—2002) Fl{ falAL S 1 M 430
JEEEEE) (GB/T 6437—2002) iy 7 il a2, vk
VR LT 4 R IE VR 54T 4E &5 2 I Van Soest 251
SRUELSTE I 2 . KB NH,-N & &= 721
T SEERETHAE 700 nm KR oo 2 |, MCP
FrER 2 s AR 595 nm P KAL @
VFA &R L Gk e,

Horp VEA 55 80 22 1) 3% 2514 3R
AR(N,) 4T 40:1, 3 i 2.0 mL/min, 24k 3
J#38 cm/s, #E 11.3 psi(1 psi=6.89 kpa) , K&
BF R, P04 R B R 120 € (3 min), D
10 C/minTHE 2 180 T (1 min) , EUKEK I 25 15 52
4250 C, &< (H,) Jit &40 mL/min, %55 i &
450 mL/min, # i 5 + 2 XS & 45 mL/min, 7F
FEOIREE 210 C RN 0.6 L,

1.5 Zitsth

56 A s SR Excel 2010 4 # J5, A SPSS
18.0 H — i £k P4 #5% 7 ( general linear models,
GLM) #17M A 2 75 22 53 M1, 5k A Duncan [G ik i
T2 E I, SR DFE2RIE2ZE R, P<0.05
REXEF B,

2 & B
2.1 AEFEMELERPRM YC NEIMEEBEFS
PEREMESENE I

HH 2% 2 AT, T ARORS ML LG X 77 < & . DMD |
CPD .NDFD ,ADFD # . % 5 11 ( P<0.05) , 50:50

2 A1 60:40 1 DMD ,CPD ,NDFD ,ADFD i 3 & T
40 :60 £ ( P<0.05) ,1H 50:50 20 11 60:40 2H 2 [a] 22
SARE(P>0.05) , (AR YC B MKEX CPD
NDFD Fil ADFD A & 3 & i ( P<0.05) , X} DMD
Jo R E R (P>0.05) , b CPD B YC #mK-F
B TH i e T R AR, 0.5% 4 CPD % i, B &
T HANA2H (P<0.05) . fAMH YC B AKEX) 7~
E8HBER(P<0.05),0.5%H S B,
35 m T HARA 4H (P<0.05) . TR AT YC
IINAKSEXT CPD A i 3 0 HAERN ( P<0.05) .
2.2 AEFEMELEARABPRM YC K5 % E pH
% NH,-N . MCP & E1200

HH 2¢ 3 AI I, A HORS ML LE XT pH ¢ NH,-N |
MCP &5 B Z %W (P<0.05) , 40:60 41 pH .
FET 50:50 41 H1 60:40 2H (P<0.05) ,60:40 2H
NH,-N & 1K T 40:60 240 50:50 41 ( P<
0.05) ,40:60 4 MCP & i it & ik T 50:50 44 Al
60 404 ( P<0.05) , TaA YC %KXt NH,-N
A1 MCP &5 B E 50 ( P<0.05) , % pH JC i &
S (P>0.05) . 0.5%%H NH,-N Fl MCP &+ . %
i T HAB A2 (P<0.05) o FRVHURSRL LA YC B
JKFEXF pH Fl NH,-N . MCP % & JC i 2 i 5. /E %%
N (P>0.05) .
23 AEBHEEARBRM YC X5 % B
VFA ZH X B9 820

28 4 RTHL, )RR ML L X R 48 & 1k g T TR
(TVFA) MR HIR 5T . TR, 5K,
IR LA LA Je 2T/ N R 39 A3 S 2 5 W ( P<0.05)
Wit 5 )RR R KL R B N, 2R L R SGTR LR B R 2
B2/ NIE B R K (P<0.05) , T 2 bk 4] i 38 3 hn
(P<0.05) ;50:50 415 T /R AR b i) & 3% & F
40 :60 ZH 1 60:40 2H ( P<0.05) ,60:40 20 TVFA
S T 40:60 4 H1 50:50 41 ( P<0.05) ,60:40
A 50:50 ZH N R L9 B T 40:60 4 (P<
0.05) , T YC @ MsKF-XF TVFA & & f L |
W TR, TR, 5 IR IR H i DL K 2 TR/
IR B FH 0 (P<0.05) , Hd 1.0%4H AW
Fefild i, o T RR 0.5% 41 my Hofth 24 40 (P<
0.05);1.0%4 % THR., TR, I . L i
B REE T HAAH (P<0.05);1.0% 4 2.8/ N
PRI, B R T HAL &40 ( P<0.05) . T KA AL
FLAT YC BRMKEX) TVFA &8 MR N 5
TR, T 5 R H B L & R/ TS R A
AR (P<0.05)
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BH 1400 Jo RO B P 5 100 A 305 % i 23R i ) RS sk
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DR B LI R B | 5 e R 2 B R 9% B )
WUIHIE AT LG R R 1 Sk AR A
A PR Wl HEH B R AR Konon-
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NH,-N &9 5 CE R AR b i & A
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RWER)— B bR, NH,-N &8 e 79 E
WO S R R PR A NH, A9 B K HE X NH,
A BRI FH A 50 8 P IR R NHL-N & 2
Je8 B U Y A B MCP (19 G5 . NH,-N 1E i MCP
A AR, OB B HE R 10 ~ 50 mg/dL Y 2
NH,-N ¥ A% T 20 mg/dL B2 (&K 43y
SRR ART AR T, 4% 4 NH,-N ¥
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A4 shie E R R VEA A 4R A
M2 TR 52 TR R 5 IR 55, ml AL AR 42 4t
70% ~80% g 2 , Ui 9 ' Wi A W 1 Al A 2R 1) 3
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95% fifi , LR AEFLIR A Uy EZEHTA, IR i
TWE S A AR A BUPL AR T 7 16 4 0 DR TN R
KT R AT N WL L 2 e =, A A TR B
P B A e RE A ARDRLR S g R 2R R A
VFA 724 5 R 26 B %5 U1k 56, Polyorach 25
FIJE AL IR 5 e B, Bt A RRORE L LE A T8, TR R
FU A48 5 1T 2R LR AIG ; T 3 P g 2 i
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R LU B T 2R 5 IR LE ) i R/ N TR
WA G HIE , 76 A 25 )R v S o TR v e B X8
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IS T J BEAR , 1T 2 R 81 2, B8/ TR TR it
Tk YC B I SE ARG T, YC 3K 78
1.0% LA R B, A 7 3 R RN NG 1) A2 K, AR 2 TR
LA 2R/ IR o 3X U AR TR B i Y C A5 )
TR W ) N R BE AL AR, o DL 0.5% F
1.0% BRI NH

4 & ®

@ B2 T KA ML EL ) T, 7= A& . DMD |
CPD ,ADFD NDFD HI MCP J}# , pH #l NH,-N &
SEREA 98 R I 28 AU AR Ry TN TR R T TR R REL L
L 50:50 F1 60:40 B HH

@ B R YC 30K SF #9384 i, CPD  ND-
FD Fll ADFD VA K NH,-N & & [&1%, YC K F
TE1% UL T RS, AT MR 7 TR TR 5 i
SR L5 S MCP 7 &, FRAK £ TR E 1) 1 2, R/
TR AR R 1 R B TR [ N R B % fk 1B YC 3R
TIKS-TE 1.5% DL b i 2577 A S s2 e, YC BN
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Effects of Yeast Culture Supplementation in Diet with Different
Concentrate to Forage Ratios on in Vitro Rumen Fermentation
Parameters of Yaks

ZENG Yu'? XIE Xinting' PNEG Zhongli'®~ GAO Yanhua'®> MIAO Jianjun' BAI Xue'”
(1. College of Life Science and Technology, Southwest Minzu University, Chengdu 610041, China; 2. Key Laboratory of
Qinghai-Tibetan Plateau Animal Genetic Resource Reservation and Utilization, Ministry of
Education, Chengdu 610041, China)

Abstract; This experiment was conducted to investigate the effects of yeast culture ( YC) supplementation in
diet with different concentrate to forage ratios on in vitro rumen fermentation parameters of yaks. Five levels
(0, 0.5%, 1.0%, 1.5%, 2.0% and 2.5% ) of YC were supplemented in diet with three concentrate to forage
ratios (40:60,50:50 and 60:40) to formulate 18 kinds of subtracts using 3x6 two factors cross group experi-
ment design. The result showed as follows: 1) dietary concentrate to forage ratio had significant effects on gas
production, dry matter degradation rate (DMD) , crude protein degradation rate (CPD) , acid detergent fiber
degradation rate ( ADFD) and neutral detergent fiber degradation rate (NDFD) ( P<0.05), and the DMD,
CPD, NDFD and ADFD of 50:50 group and 60:40 group were significantly higher than those of 40:60 group
(P<0.05). Dietary YC supplemental level had significant effects on gas production, CPD, NDFD and ADFD
(P<0.05), and the gas production and CPD of 0.5% group were significantly higher than those of other
groups ( P<0.05). Dietary concentrate to forage ratio and YC supplemental level had significant interaction on
CPD (P<0.05). 2) Dietary concentrate to forage ratio had significant effects on pH and ammonia nitrogen
(NH,-N) and microbial protein ( MCP) contents ( P<0.05). The pH of 40:60 group was significantly higher
than that of 50:50 group and 60:40 group ( P<0.05), the NH,-N content of 60:40 group was significantly
lower than that of 40:60 group and 50:50 group ( P<0.05), and the MCP content of 40:60 group was signifi-
cantly lower than that of 60:40 group and 50:50 group ( P<0.05). Dietary YC supplemental level had signifi-
cant effects on NH,-N and MCP contents ( P<0.05) , and the NH,-N and MCP contents of 0.5% group were
significantly higher than those of other groups (P<0.05). 3) Dietary concentrate to forage ratio and YC sup-
plemental level had significant effects and significant interaction on total volatile fatty acid ( TVFA) content and
percentages of acetate, propionate, isobutyrate, butyrate, isovalerate and valerate and acetate/propionate ( P<
0.05). The TVFA content and butyrate percentage of 60:40 group were significantly higher than those of
40 :60 group and 50:50 group ( P<0.05), the acetate and isovalerate percentages and acetate/propionate of
40 160 group were significantly higher than those of 60:40 group and 50:50 group ( P<0.05) , and the butyrate
and valerate percentages of 50:50 group were significantly higher than those of 40:60 group and 60:40 group
(P<0.05). The isobutyrate, butyrate, isovalerate and valerate percentages of 1.0% group were significantly
higher than those of other groups ( P<0.05), and the acetate/propionate was significantly lower than that of
other groups ( P<0.05). In conclusion, under the conditions of this experiment, dietary concentrate to forage
ratio and YC supplemental level have effects on gas production, nutrient degradation rates and fermentation pa-
rameters in vitro fermentation. The optimal concentrate to forage ratios are 50:50 and 60:40, and the optimal
YC levels are 0.5% and 1.0%.[ Chinese Journal of Animal Nutrition, 2019, 31(12) :5582-5594 ]

Key words: concentrate to forage ratio; yeast culture; in vitro fermentation; pH; NH,-N; volatile fatty acid
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