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AEARF LKL S 5 A BT R AT 4E L
AP RMERAEEN S FEIMNEE ZEN I

FEEA RN SREFER' BURME® KSR BT sk
(1L TG RF S RHE B, KA 0308012, ILTHE 4 EHF WA, A E 037200,
3. FaACRAMEN R sh W B 2B, #02 712100)

i E. KRB E EARRE RSB RAE 5 F 2k % ¢ 4 e 4] (NFC/NDF) 44 F &
AR BE RS 4R F ARG B A BRI Hom, R K A 3x5 W E F KBk it, £ 3 # NFC/NDF
[0.79( A1) .0.89( A2) #= 1.10( A3) ] 44 ¥ & A 5 #K-F[0(B1).2x10"(B2) .4x10"(B3) .
6x10" (B4) = 8x10" CFU/kg(B5) ] #9 BB B EF , %] & 15 Fr & BE R4 , M AR & B% 48 h J5 49
FASE FHR(CH,) =% B8 Ao i, %R AW 1) 44 NFC/NDF v B iH
B AR m T 24 A8 h RRFZAER ALK AT ZEFHA(P<0.05), =F 69 ZAE A *+
24 48 h RRFA M H L% (P<0.05) 4 A5 K G FH o R 2E(P>0.05), 2) 44 NFC/
NDF fo @B B R m TR —F WX 2R CH, Z 20 H w3 R EE(P>0.05) ; &4 #
NFC/NDF ¢ 3 Ak S} & B i P %A% LML B B B2 ( TVFA) Ao R BR R R #738 Ae TR . T BR IR
JE Fo TR YeiR H AR, BB BEFE R mE A 6x10" CFU/kg B, 4R 91 & B i 7 TVFA #= & 82 K %
RE, CREREACRHEAK, ZE CBKRE R FKT Bl . B2.B5 20( P<0.05), T #A b B F 1k
F B1.B3.B5 41 ( P<0.05) , #4% NFC/NDF 5 8 f B 4 75 An 2 %9 = ZAE A 2F CH, /& vA Bk
ShRBER P TVFA LB AR TREAERTCAY LR EH "4 (P>0.05), 3) kA4 #H NFC/
NDF #) 3% /m R 9} & B i pH A= 2024 5U(NH,-N) SRR # AR, 3 R LA Al AR %3 T A2 A3
28 ( P<0.05) ;49 4% NFC/NDF % 0.89 B RN & BEiz i A & & (MCP) R E &5, B 53 T
NEC/NDF % 0.79 #= 1.10 8 ( P<0.05) , BB 8% 2% 7k om % 354k 98 & 8% % NH,-N A= MCP & & #)
B R E (P<0.05) , BRIE B E R mE A 6x10" CFU/kg B NH,-N & E %A% MCP % E & &, 4
#% NFC/NDF L BB 8% £ im0 2 ZAF A sF R 9h & B pH R 2 % %A (P>0.05) , {2 254k 5h
& B % NH,-N #= MCP ;& EH B % % ( P<0.05), 4) %14 NFC/NDF x} & B & 4 T 4 Ji % fig
F(DMD) | ¥ M sk 4F 4 5 5 (NDFD) v B2 1 o6 % 4F 4 T4 i % ( ADFD) 3 A B % % a1 ( P<
0.05) , 7 BRI B B An 8 21 e NDFD X 99 b3 AR 3 A 2 5 %0 (P<0.05), — % ¥ R 54
A 2 DMD A 2 % % (P<0.05) , 4% Lprik 424 NFC/NDF A= B8 B H iR n 3 0A R = H 89 R
ZERH R F 9B B RN A B, B P R iE F BB B T AR SRR B KB, AR R
Bk pH, 42 &4 69 F) B % #IKk kA, 44 NFC/NDF 4 0.89 3 1.10  BLIE B FE R m 2 4 6%
10" CFU/kg B 3¢ 48 F- 4R 9198 B & B 64 1% 3 20 3T |
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H A, &5 4= W 1E b se i & bt 4k RIFRe A &L
VAT A I 1 )RR S N R B A AT B 5T Y A
Mo ARG WEBE 2 ARl A 25 1500 AT LA ek e
BMAY X R 3R E &k F D
B pH''! | LR RE ( Saccharomyces cerevisiae , S.
cerevisiae ) VE A A B S 1 A 25 1 500, EL A 4
FE SR A R G R B R A T
B R Ash A =P RE SR AR R AT 4
PEBRAK AL A W 5 b PR ¥ £F 4E L 1] (NFC/NDF)
SESC N 2 B9 Bk T R SR B A Y R
SRR AERE AR IR T R S T Y R ) A2 ] R
NFC/NDF {520 " | A 1M P g 1 A 4 45 Jon - sl
FE NFC/NDF 7] fE2x 7E 18 & B ad #e b = Ak —
28 AR . A< i 56 #8076 K [) NFC/NDF fa] #
TS INA [R) 7K P B i T i B | 3 2o AR o & e 6, F
FE /N[ NFC/NDF f] K 5% 4 T VS 0 TR 39 1 & % 24

FARGME B K W B2 W, LS O T 1 A A A
PRI PR 9 5 PRSI0 B2 Bt BB AR

1 #MR5FZE
1.1 REEY

ISR H 3x5 WA FiE &% 11, #£ 3 Flt NFC/
NDF[ 0.79( A1) .0.89( A2) Fl 1.10( A3) ]k rh
s AKE[0(BL) 2x10Y (B2) 4x10"(B3) .
6x10"(B4) 1 8x10" CFU/kg( B5) ] i FR 7 % £F
(W T B B B 40 A BR 22 1, SRy JURLHR ) 551 52
TG B ECH 2x10" CFU/g) , il i 15 Fhia R 7 R
RS kBRI R IR, 3 AR R NFC/
NDF 1 #i ] 2% NRC (2007 ) 45 F 8 37 5 2 ik
T 40 kg, HHEHE 100 g A 608 ST BLRCH], L4
BB SRR WA T,

#£ 1 7A[E NFC/NDF AREARREFKE( FHREM)

Table 1 Composition and nutrient levels of diets with different NFC/NDF ( DM basis ) %
=] e 27 i e K AL B9 5 rh P e U 2 4 LE 4] NFC/NDF
Items 0.79 (Al) 0.89 (A2) 1.10 (A3)
JE Bl Ingredients
T2k Corn 22.00 28.50 32.50
#k 2 Wheat bran 4.00 7.50 13.50
T Soybean meal 9.00 9.00 9.00
iRkl Premix" 5.00 5.00 5.00
T KFEFF Corn straw 32.00 29.50 30.00
%5 T Alfalfa hay 28.00 20.50 10.00
4t Total 100.00 100.00 100.00
EF27KF Nutrient levels?

T 5 DM 90.91 90.64 90.17
HLEEH BT CP 10.55 11.31 11.42
LKy Ash 15.18 14.17 11.85
KA EE 2.29 2.15 2.24
rhPEVE IR 4T 4E NDF 45.27 41.54 35.36
R TP A 47 4k ADF 28.25 26.06 24.18
JELF e pEmoK b &4 NFC 35.68 36.89 39.01
5 Ca 0.36 0.32 0.28
WP 0.27 0.30 0.32

D IR R 4T T i R Rt Premix provided the following for per kg of diets; Cu (as copper sulfate) 15 mg,Fe (as ferrous

sulfate) 55 mg,Mn ( as manganese sulfate) 40 mg, Se (as sodium selenite) 0.3 mg,I (as potassium iodide) 0.5 mg,Co 0.2 mg,

VA 20 000 IU,VD 4 000 IU, VE 400 IU,

2B FE K RS2 . Nutrient levels were measured values.
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1.2 REIVBREERRE

ARG VEEL 3 A (40.05+1.90) kg H%
B AT R WA IA <N R FE R 458 FL AU
FIR 2 2 E AR e B AL AR Zh B, e i 3R
5 47 . NFC/NDF 2k 0.89 1) 4] AR, il B 504
B4R A H B (TMR) J5 1@ M, g & o
1.5kg/(H - d), £K07:00,19:00 &5 1 K%,
HHRE KoK, REEMEME 10 d 5, R T2 5
RAE 3 HAASE 19 B W, 4 J2 20 A iR i g R
UE IR A FE U A AR LIRS 39 C AR IET
&
1.3 fFIMEF

AR IR Menke 517 05 IR 45 A R SME 1L
ASH AR BEATIR SN K B
1.3.1 IRHMEEFRM

W Em S5 N T L 1:2 R F L 3 51T
G, T E AR 43 E (Fortuna Polifix , 78[5 )
H IR 2R 39 TIEIEIFRrgm A A ik,
1.3.2  KFEMER KR

TAARA K T TR R BB 0 0.200 0 g (T4
FIEAt) AT M JE /N4 (35 mmx75 mm,
fLA%2 38~40 pm) W, BAIKY 6 DME 4, 3 M
IEA% . BEJE R I E 4% /N0 A 100 mL A 3 38 7
4% (Haberle , 2[5 ) 4, I A 30 mL 55552, HE
IR BE I P AR e R IR 2 (mL)
SR W B S T 5 A B T 39 CHEIRIR KB 46
PR 5% 48 h IR EH 3 1K,
1.4 HRRXESERNE
1.4.1  FEACREE

O3 TARSN K BT IR T (0) LA SRS R 3
6.9.12 .18 .24 36 il 48 h W52 U 51 2% 1% 2 fr &b
ZIBEAE, IFiE % . TRIN & 48 h 5 K B3 R O 48
A VKKV i 20k R, WO Kk R R, S B
PHS-3G #I pH il %€ pH, & B 773 J5-20 C
PRAF, T 005 25 75 & N8 7 R ( VFA) V2 AR
(NH,-N) {98 (1 (MCP) [k R, BU e e
NS K R Z WU, S T 105 C HEAR At
48 h, M5E T4 5 (DM) | FR P Pk 5 £F 4 ( ADF) Al
H YRR SF 4E (NDF) & i,
1.4.2  CH, /=it 9 5 & Befa br i U 2

F ] SAH 435 43 ( Aglient 7890B , 25 [ ) Il &
RSN 48 h 5 B2 (CH,) P2 KA &
48 h 5 2 K WE vk rh R B R AR B . 2% Wang

A5 M) SR A6 3% A ( Aglient 7890B, € [ )
W72 45 VFA FLSHE & MR IR (TVFA) WK 5
FE IV i 4 Ak A — I SRR B L £ 32 O R 46 4
23966 B 3 (UV = 1800PC, Mapada, I ) | &
NH,-N ¥ R % D 52 85 G-250 fE MR
FIfef FH HE o i 0E AT MCP e B gl 2

%2 AOAC (2012) "% J5 2 I 72 12 56 A 5 1Y
DM MK 53 ( Ash) KRS (EE) R 2 5T (CP)
S F H ANKOM A2001 B2 [ 3 43 B AL 3 2
% Van Soest 25! ) J5 39 %€ ADF 1 NDF & & |
R R F W% 4y 6% BE 1 ( AA—7020, EWAL Jb
) W AE S (Ca) M SR 8 A4 6 B U
TEWE(P) A E
1.4.3 BRP=S g S8R

S ] 5 R A (RBEIEY) 0.200 0 g)
(mL) = W [a] A 7S EE (mL ) =X 0 i A
3 XA HE PR E(mL) .

K ULR g K B2 5os il i 5 e |

4L
GP=a+b(1l-exp ™),

K. GP ¢ BFE] S BEUZ A& (mL) ;a AR
MRS 73 7 Ui (mL) 5 b 1 UK AR ™
(mL) ;¢ A M (%/h) sa+b L
(mL), MRAEIEZt R/ NIk 5B 5K a b il c fH,
1.4.4  FEoREMERNTHE

KA & e 48 h J5, K BEIE ¥ DM Ff fi %
(DMD) . ADF [ fi# *% ( ADFD) il NDF [ fif %
(NDFD) i+ .

RNV R (%) = [ (REERY

IO B - IR AR TR SR i) /

KRB HIZ SR 3 & i) ] <100,
1.5 HIERESHHR

RIS B4 % ) Excel 2010 #E174) 45 82 3 4R
J5 K SPSS 22.0 B AT N &R Iy 2534, 2 %
BER, SR Tukey 725 ( 7 2255 B} ) 5% Tambane %
(FERFH) 1T L EIHE, P<0.05 F£on 2R
B,

2 BER55H
2.1 7 [E NFC/NDF {q) 1R 75 in 88 if B 5 X 4 5h
EBFSENFESSHNEME

i 2 2 nI %0, Bt % 1A NFC/NDF R34 i, 24
48 h R m M- HE R B EFW I (P<
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0.05) , PR & I 0 18 3R BERR 23 FITEAE 7 1 B4 LIk B dR KRR ¥ 70 7 i DU S 30 748 R
R EER BEE TR RIS B AN, 24 WEEERERY 4 441 (B2.B3 B4 .B5 41) Z A1 F A
48 h BRSPS EUE B oy PR g B (P>0.05)  HY 2 R T R S IR I EE AL Y
K WERR o> 7 AR AR e T e R AR, OF B 41(P<0.05)

% 2 A[E NFC/NDF {ARFMEREB SR BFSEN~KSHZE T
Table 2 Effects of S. cerevisiae supplementation in diets with different NFC/NDF on gas

production and gas parameters of in vitro fermentation

E&F ik s g
Bk S , o ounmp oagn g REKE L S . \
W5 @E‘{M%ﬁﬁ_ﬁﬁug PR PRl ﬁf“%g TR R ?’éﬁﬁfﬁﬁa FEAR R
VETRLT S. cerevisiae GP,,,/ GP,,/ GP of rapidly GP of slowly Potential GP rate/
Yt supplemental level L L degraded degraded GP/mL (mL/%)
NEC/NDF fraction/mL fraction/mL
B1(0) 46.500 67.167 1.418%% 97.154* 98.572* 0.032"
B2(2x10" CFU/kg)  49.500 71.000 1.498% 96.938* 98.437" 0.031¢
A1(0.79) B3(4x10" CFU/kg)  51.333 72.667 1.289" 97.409* 98.698" 0.031¢
B4(6x10" CFU/kg) 54.000 75.667 1.059°" 98.526" 99.586" 0.033"
B5(8x10" CFU/kg)  52.333 73.000 1.1535 97.793* 98.946" 0.032'
B1(0) 52.833 76.000 0.993%" 94.336 95.430" 0.034°"
B2(2x10" CFU/kg) 53.667 78.333 1.588™ 96.994" 08.582° 0.033"
A2(0.89) B3(4x10" CFU/kg)  55.000 79.000 1.699% 96.021* 97.720" 0.034°"
B4(6x10" CFU/kg) 59.000 83.000 1.899° 97.140™* 99.039* 0.037¢
B5(8x10" CFU/kg)  56.500 81.000 1.654" 96.750™ 98.404° 0.036"
B1(0) 58.667 80.667 0.533%" 85.585° 86.118° 0.036*
B2(2x10" CFU/kg)  58.833 81.333 0.679¢ 93.163° 93.841° 0.038
A3(1.03) B3(4x10" CFU/kg) 61.000 84.000 0.861°" 94..443"¢ 95.304" 0.038°
B4(6x10" CFU/kg)  66.333 85.667 1.280"% 95.637" 96.917* 0.043*
B5(8x10" CFU/kg)  62.167  83.667 0.860" 94.701" 94.897" 0.041°
L i bR A1(0.79) 50.733°  71.900° 1.567° 97.564* 98.848" 0.032¢
KEY 5
R I AT A2(0.89) 55.400°  79.467" 1.284° 96.248° 97.835" 0.035°
4 H ]
NFC/NDF A3(1.03) 61.400°  83.067" 0.728° 92.706°¢ 93.434" 0.039°
TR S e B1(0) 52.667°  74.611° 0.981° 92.359" 93.373° 0.034°
TN B2(2x10" CFU/kg)  54.000°  76.889° 1.255%® 95.698" 98.514" 0.034°
S. cerevisiae B3(4x10" CFU/kg)  55.778°  78.556" 1.283% 95.958* 97.241° 0.035°
supplemental B4 (6x10'' CFU/kg)  59.778"  81.444" 1.413° 97.101° 96.953" 0.038°
level B5(8x10" CFU/kg)  57.000°  79.222° 1.031* 96.415° 97.446° 0.036°
SEM 0.157 0.156 0.045 0.231 0.239 0.001
A <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Zﬁlue B <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AxB 0.129 0.102 0.011 <0.001 <0.001 <0.001

A ARLFAEVEROK AL G 4 5 P PR VR T AR L) 5 B BRI I R AS I [R50 B A AR 0 T RE B ] 7 B RN 22 R 3
(P>0.05) , AF/NGFRFRRZESR BE (P<0.05), &,

A: NFC/NDF; B: S. cerevisiae supplemental level. In the same column, values with no letter or the same letter superscripts
mean no significant difference ( P>0.05) , while with different small letter superscripts mean significant difference ( P<0.05). The
same as below.
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31 &

T NFC/NDF 5 JiR V5 i B 98 in 22 1) 38 B A
FAXT 24 .48 h R =S 1 oI % %W (P>0.05) ,
Xof R e TR 43 | 1 e W 43 TR AE 7 AR A
SR B 2 (P<0.05)

2.2 [ NFC/NDF &8 F i inBR B B £ %t CH,
FEMEIMNEBERD VFA iRERN M

26 3 A0, M NFC/NDF IR I % £ 78 hin
WX CH, F=E W ¥ AR B3 (P>0.05), FE&
@ # NFC/NDF RY3G I, TVEA ¥ BB i, A2
A3 HEZEET Al 4 (P<0.05) ; 2 TRtk B 2 ¥ Ik
DAl HEFEE T A3 4 (P<0.05),A2 5 A1,
A3 HEFARE(P>0.05) ; N R e B & Wi
A2 A3 HBERT Al 41(P<0.05) ; ZTH LB T

FEAR, A1 4L 5 T A2 A3 41 (P<0.05), FlidE
TR PG P B % in E 4 388 0, TVFA TR R vk ¥ e Tt e
W, BI0) B4 Al f e, Horh TVFA W & 5 T
B1.B2 B3 41 (P<0.05) , N & & T BI,
B2 B3 .B5 4 (P<0.05) ; Z B E I 275 L L)
B4 4 A E A, Hoh 4 TR vk W KT B1,B2.B5
4 (P<0.05), LWL EALT B1.,B3 . B5 41 (P<
0.05) 3 BRIPG B T8 0 a2 X T MR Mk 3 oK 7= Ak i 3
i ( P>0.05) .

T A NFC/NDF 5 7 P B U8 in £ (1) 28 B A
JHXT CH, 7= LA R AR Hh R Wik h TVFA TR (N
R T U BE AN N He 3 JE i 252 ( P>0.05)

%3 [ NFC/NDF {F#RFMERE B3 CH, FmEFENLBER B VFA KERIF 0
Table 3 Effects of S. cerevisiae supplementation in diets with different NFC/NDF on CH, production and

volatile fatty acid concentrations in in vitro fermentation fluid

FELF 4

Kipaps  RMEEIRME WA RERE i TR K
M . cerevisiae CHT Ak Acetate/ Propionate/  Butyrate/ Acetate/
24 ] supplemental production/ TVEA/ (mmol/L) (mmol/L) (mmol/L)  propionate
NEC/NDF level mL (mmol/L)
B1(0) 10.555 69.712 44.110 10.645 6.281 4.145
B2(2x10" CFU/kg) 11.806 69.304 45.806 10.838 6.352 4.226
A1(0.79) B3(4x10" CFU/kg) 12.415 70.025 46.789 10.983 6.482 4.266
B4(6x10" CFU/kg) 12.582 70.974 46.777 11.070 6.705 4.226
B5(8x10" CFU/kg) 11.138 71.745 47.755 11.027 6.248 4.331
B1(0) 11.595 69.456 44.689 11.030 5.868 4.053
B2(2x10" CFU/kg) 12.309 70.376 44.694 11.280 6.002 3.962
A2(0.89) B3(4x10" CFU/kg) 14.219 72.226 45.985 11.468 6.132 4.020
B4(6x10" CFU/kg) 12.663 73.105 46.103 12.102 6.125 3.803
B5(8x10" CFU/kg) 13.469 72.829 46.521 11.578 6.181 4.019
B1(0) 13.413 69.856 44.387 10.922 5.716 4.066
B2(2x10" CFU/kg) 13.524 71.193 44.504 10.999 5.780 4.047
A3(1.10) B3(4x10" CFU/kg) 14.351 72.677 45.415 11.366 5.848 4.017
B4(6x10" CFU/kg) 13.462 75.316 45.111 11.576 5.864 3.897
B5(8x10" CFU/kg) 13.912 73.378 45.762 11.180 5.897 4.094
AL i e A1(0.79) 11.699 70.352" 46.247 10.913° 6.414° 4.239°
KiEY 5
P A2(0.89) 12.851 71.598° 45.598"™ 11.197° 6.061° 4.024°
£ 4t L
NFC/NDF A3(1.03) 13.732 72.464° 45.036" 11.491° 5.821°¢ 3.971°
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Kitapy  WEEME W BIEEE om i TR omk
BN ERVRES §. cerevisiae CHﬁf kil Acetate/ Propionate/  Butyrate/ Acetate/
21 4 ) supplemental production/ TVEA/ (mmol/L) (mmol/L) (mmol/L)  propionate
NEC/NDF level mL (mmol/L)
T e B1(0) 11.854 69.675¢ 46.679* 10.865° 5.955 4.088*
I B2(2x10" CFU/kg) 12.546 70.291°¢ 46.102° 11.039" 6.045 4.078"
S. cerevisiae B3(4x10" CFU/kg) 13.662 71.643° 45.001° 11.252° 6.154 4.101°
supplemental B4(6x10" CFU/kg) 12.902 73.098° 44.395" 11.583° 6.231 3.975"
level B5(8x10" CFU/kg)  12.840 72.651°  45.958" 11.262° 6.109 4.148"°
SEM 0.258 0.175 0.123 0.035 0.032 0.016
A 0.673 <0.001 0.001 <0.001 <0.001 <0.001
i_ﬁlue B 0.185 <0.001 <0.001 <0.001 0.097 0.035
AxB 0.633 0.251 0.434 0.405 0.657 0.439

2.3 [ NFC/NDF a5 5 7% in 8 if B 5 X {4 b
% B pH #1 NH,-N MCP & & 8 & 1l

H ¢ 4 v %0, B 1A B NFC/NDF [ 34 i, pH
BN, AL A5 A2 A3 HEF B FH (P<0.05);
Al NH,-N ¥ 0 3% & T A2, A3 4l (P<
0.05) ; A2 411 MCP ¥R FE &= T Al A3 41 (P<
0.05) , Fifi 5 PR V74 1 B8 35 0 o A 38, pH R 77 A=
BEA(P>0.05) 5 USRS e RE R 4 420 (B2,

B3 .B4 B5 4) iy NH,-N ¥ ff ¥ i E L T R A
PR I RE ) BT ZH (P<0.05) , I3 7E B4 447 fe /)
{H;MCP ¥k & DL B4 A&, W% T Hifh 4 41
(P<0.05) .

T ¥ NFC/NDF 5 FR 5 i £ 5 it %) 28 B A
FAXH A AN & B pH G i 5 0 ( P>0.05) , {H X
TRAN % B W NH,-N Fil MCP #k & 47 0 3% 5% i
(P<0.05) .

x4

N[ NFC/NDF 7 1R i hn BR % B £ XA Sh &2 B2 i pH #0 NH,-N MCP 3% & 59 i

Table 4 Effects of S. cerevisiae supplementation in diets with different NFC/NDF on pH and NH,-N,

MCP concentrations in in vitro fermentation fluid

A 4K G Y5 TG TP T T o £ AR O W
T R A 2T 4 L A5 S. cerevisiae supplemental pH
NFC/NDF level NH,-N/(mg/dL) MCP/ ( mg/dL)
B1(0) 6.578 26.329* 0.35"
B2(2x10" CFU/kg) 6.606 25.141%* 0.65*"
A1(0.79) B3(4x10" CFU/kg) 6.590 24.101° 1.01>
B4(6x10" CFU/kg) 6.600 22,7354 1.37°
B5(8x10" CFU/kg) 6.622 22.320%%f 0.99"
B1(0) 6.592 24.870™ 0.61%
B2(2x10" CFU/kg) 6.598 23.3209% 0.82°%f
A2(0.89) B3(4x10" CFU/kg) 6.552 21.518% 1.04%¢
B4(6x10" CFU/kg) 6.604 19.765° 2.75°
B5(8x10" CFU/kg) 6.604 22.171°%f 1.16™
B1(0) 6.538 25.646™ 0.48°"
B2(2x10" CFU/kg) 6.532 22.320%f 0.76°
A3(1.10) B3(4x10" CFU/kg) 6.548 21.161% 0.96"¢
B4(6x10" CFU/kg) 6.578 20.240°° 1.33°
B5(8x10" CFU/kg) 6.530 24.191* 0.84°%
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2 4
ﬂlkéﬂ’iﬁﬁ%&t%%% TR TP T T o £ AR W
T R A 2T 4 L 157] S. cerevisiae supplemental pH
NH,-N MCP
NFEC/NDF level '
B[R 8 R A7/ ES] A1(0.79) 6.599" 24.125° 0.87
=
rpb: VAR 2T 4 L ) A2(0.89) 6.590" 22.712° 1.27°
NFC/NDF A3(1.10) 6.545" 22.331° 0.87"
B1(0) 6.569 25.616" 0.48°
TR Ptk VS B2(2x10" CFU/kg) 6.579 23.597" 0.74¢
S. cerevisiae B3(4x10" CFU/kg) 6.563 22.894° 0.99°¢
supplemental level B4(6x10" CFU/kg) 6.594 20.914¢ 1.82°
B5(8x10'" CFU/kg) 6.585 22.260™ 1.00°
SEM 0.010 0.162 0.004
P A 0.042 <0.001 <0.001
H B 0.399 <0.001 <0.001
P-value
AxB 0.847 0.018 <0.001

2.4 7~ [E NFC/NDF & #2 o35 fn R 8 B £ 3 4k 4b

REERY I 5 MR RN R0

2 5 A %, fA 4 NFC/NDF % DMD ,NDFD
F1 ADFD #4774 T i 52 ( P<0.05) , Bl & 1A f
NFEC/NDF f % fii, DMD % #7 7 &, NDFD i
ADFD | 3% #i T %, 17 #4 NFC/NDF %} NDFD #
FEA B FE R (P>0.05) , %F DMD il ADFD 7= 4=

T RERW (P<0.05) , Hrh B3 B4 ,B5 4 1) DMD
BEET Bl H(P<0.05),B2 B3 .B4 . B5 4H 1
ADFD i % & T Bl 41 (P<0.05), H DMD #i
ADFD¥] ) B4 2 #15 ,

T NFC/NDF 5 [ 14 J 1 % i 1) 28 B AR
FHXHASN % BEEH) DMD A &% % ( P<0.05) ,
% NDFD Al ADFD JG ii. % 51 ( P>0.05)

&5 [ NFC/NDF fa)#5 o 75 0 BR B B 5 X R Sh R BE R 4 7 0 B R R B 2 T

Table 5 Effects of S. cerevisiae supplementation in diets with different NFC/NDF on nutrient

degradation rates of in vitro fermentation substrate %
ELF i tkaoK &0 5 TR TP T T o £ T 5 S RNERV RS 7RV RS
TV U 2T 2 L) S. cerevisiae Ko it =R YRR R Gicy B
NFC/NDF supplemental level DMD NDFD ADFD
B1(0) 56.010" 69.487 83.490
B2(2x10" CFU/kg) 56.413" 73.527 96.970
A1(0.79) B3(4x10" CFU/kg) 58.820° 67.093 81.523
B4(6x10" CFU/kg) 59.980° 70.980 88.727
B5(8x%10'" CFU/kg) 56.513" 64.327 79.343
B1(0) 59.257% 67.873 82.437
B2(2x10" CFU/kg) 63.277° 69.480 81.020
A2(0.89) B3(4x10" CFU/kg) 60.240° 55.973 72.690
B4(6x10" CFU/kg) 61.490° 64.290 77.380
B5(8x10" CFU/kg) 64.040* 74.907 65.593
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243K 5
eLF i vkmoK &9 5 TR TP T T o £ T 5 R TR P U U
ERl eV RE S A A= L] S. cerevisiae ot foe 4% 2T Y[R AR 21 Y [ R R
NFC/NDF supplemental level DMD/ % NDFD/ % ADFD/ %
B1(0) 60.033¢ 58.400 59.433
B2(2x10" CFU/kg) 61.287° 51.503 55.940
A3(1.10) B3(4x10" CFU/kg) 63.853™ 55.753 59.040
B4(6x10" CFU/kg) 61.173° 60.190 61.847
B5(8x10" CFU/kg) 62.850" 60.057 51.697
JELF RIS Y S A1(0.79) 57.547° 69.083" 86.011"
Fp P VR U A 4 L A5 A2(0.89) 61.661" 66.505" 75.624°
NFC/NDF A3(1.10) 61.839° 57.181° 57.591°¢
B1(0) 58.433° 59.607 71.084¢
TR 5 VR 5 B2(2x10" CFU/kg) 60.326" 64.837 75.120°
S. cerevisiae B3(4x10" CFU/kg) 60.971* 65.153 75.984"
supplemental level B4(6x10" CFU/kg) 61.134° 66.430 85.211°
B5(8x10" CFU/kg) 60.881° 65.253 77.977%
SEM 0.324 0.999 0.890
A <0.001 <0.001 <0.001
P8 .
Povalue B 0.036 0.249 0.001
AXB 0.042 0.118 0.141
Jr LAAE 35 0 2L W AE T, X 7 S R 7 A 1 3
RIS AN

3.1 7 [E NFC/NDF {a) 1R 5 75 i8R if B £ o 4 5h
EBFESEMESSENZME

AN R WP AR — 8 BB AT DA B T
0RO R R, R R A —
FEFREEE bn] DS e G SR ) oL R A R R OF
HHEEMXXER!"™Y =Ra5 LRIy E
Fr 8 VIR G A w58 vh | B %5 1R #R NFC/NDF
3G, 24 48 h RS w2 X 2K
SRR H AT I Ak B K Ak A W T Ak K AR
BYREBESARNEERFEZ -, BEE R
NFC/NDF (38, falFR i) CP & &7 s, i i 78 ™=
SR, X S ERE MR EHET e
YR A KT 2 R COC R B G5 R A &
VS TN i B 2 1 SRR A IR K I R 0
St N8 A TR 43 7 A e TR A I R R B
2, It 5 TR P R S o R 3, 7R AR R R R
EHTEAAN N 6x10" CFU/kg W3k 3 0k, Al
B AR PR Shy TRV P B8 52 ) 1 &1 4 R B 0O M 42
BT A YERE AR R Y AR NFC/NDF 8 i n]
DI 1 2 T =5, T TP R ] AR 8 Bl A W e

3.2 A[E NFC/NDF {5 F i inER B B £ X4 CH,
FEMEMEEEH VFA RENH T

KWW B TVEA 1 65% ~80% i KAk &%
e, EEALEE LB IR AT IR, £F 4k FTE A
JEIRE e A R VEA B R Y, X 15 £
A WERALREME T . — Ok UL, 1) K oL R R L
il %5 , TVFA = it 8%, 8 5 W P & R vk 3 v
MR B, RS T ™ A 1 & g™ H e
BFIHA B CH, , TS CH, 7™ 5 (39 e 5 17 7] AR
HORE LR LU 18w 988 R TN R VR EE R N TR
e TR PRI &0, B LA 224 1 T e 38 A v I ) A
(e A ROR 248 5 ™ A | il 2 1]
¥ NFC/NDF (380, /R 40 & B TVEFA e i 3
I, LR BEW /D, TR IRV BE 380, 279 FLREAIG, 3%
51 °F - %'° M Chaucheyras 55'*' 1) #F 5% 2% S
—,

Jed ' N VEA 775 5 AR R VT BRI B A 497
B RBER IR ER Y . AR R, M 2R
ot 7R ] s A 7 B, SR B2 F CH, A R, 1524
A B TR A7 AE B T RE B R ™ TR B X & R



5362 3 o H

% i 314

F PR HE 2R = AR AR G v 5 VS i R
REL R AN e B P £ TR VA 350 15 1 oA R TR e
B4, 5 Lascano %5 B 78 45 e — 8, /NMIKE 5
BRI S N K B EE b ] 68 & — R 2R ARLTF /)
JRZE K6 AR 400 5, X8 5 802 A AR S i SR
AT DU AR R R A BIL ) T A R VEA | AR A
MER, N CH, #BAEE R P ) EARIK K i
PNER I BB 5 CH, P IR & B ARk, T
REZ RSN R B T ™ b D B 3 /0 1 i R 3
), MEWCNLIE T R MR &, —
BN R T 3 b OB kT KT 3 ATNIR
Y P27 AR IR 00 v A5 N R T R A R D K T
W S X T 3, F VS IR 17 B 9 TR R
P A Ay R 70 e T, 35 8 D ) 1) 3 8 4 L A
i, CH, "5 ZmkE LWL IEMAL, 5H
P e S A0 R O B R A 6 v R TR S T
WX CH, 7= AR I A i3 (R Al 34—k,
3.3 A [E NFC/NDF {a) R 5 7 fn BR il B 5 X {4 5h
% B pH #1 NH,-N MCP % & 89 % 1l

Jei VW pH S W T IR AE IR A s R B b &
P () K7 Ko 988 B AR 0 I TE MR O, 4 sh
J H N pH 2R RN 5.5~7.5, & H L N 6.2~
6.8"  DXANFR B R 1 T AR W B AR A A A
e B AR AR 23 5 9 DI fE . T H W pH A2 IR
SER BB TR N R, AR B S AR
NFC/NDF {34 Tt , 1]k o 5 i K Ak 5 0 1598 1
AW R WP e VEA i 15 & W pH 3B W I8/ | 3X
SR RS W T A5 A — 2, AR,
TR T EAT RS i B W pH R R AR L R ok ) A
FAE A v I A TR R N R 3
KA pH Z2 LA 1 3% . BRI M NFC/NDF Al
PGP P S it 9 28 B A FH A 6 A Ak e VR pH
(N B 2 (B4 pH Y PR RIS B FEI A

9o B W NH,-N Fl MCP ¥ Ji ) i % 3 7] 2
WL T 24 Bl W b e AR rh LU B4 43l A IR B 98
B oK 2 Bt A ) DL NH,-N 1B 8 & TR A Ok
MCP'®' | i % %@ H NFC/NDF 9 ¥4, 9% B W
NH,-N ¥ 2 Wb A%, 3 2 A R o NFC & it
FR 1 I3 URCE W AT R BE A ML RS i, S AR K
PALRE R, IS A BRI, X 5 R AR Y g
ZER—, CA MR, BERE B AT LA I
IR0 i e R A K S R RN 2T 4k Sy

A Y R ISR A R A P R R A R A T A
PE =% NH,-N AR 38 MCP /9 & i, Jf H.,
PRI % RE B Y AR 4 B L nT 4R & MCP & i
ARG 7, 45 T I G P A LA 2185 77 T P NHL-N
R S I T R U 0 R R 4, MCP IR 8 %
f T A 0 TR P R 4, RO PR AR S R 6%
10" CFU/kg I} NH,-N ¥ Ji ik 2| 5 Ik, MCP ¥k &
IKF R B . fAM NFC/NDF Fl R 7 B2 5F 78 I 42 19
B AR X RS & T NH,-N Fil MCP i B A
SO d 3, 2 PR R AR KR R NRC 55 2t A 84 o A
T B ) A7 A #0698 B oA W AR T B A
MR E R .
3.4 A [E NFC/NDF f&]# H7R hn BR B B 5 X9 {4 4p
EEBRDFTSEBENIIT

Menke 457 W5 A5 R SR E K B T &
B SRS K R Y) DMD & B 3 A5G AR
g, RS & I A R R BRI ) DMID A2 b
3 G NEC/NDF ({3411, DMD % W74
i, NDFD #1 ADFD i # T [, X 42 F b B 45 10 f
H NFC #1034 i, vl w98 B 0 0 R 1 8 3%
Yy Z |, i $2 55 DMD, {H NFC % & (13 i 25
il W pH T R0 XTI RE 23 52 M 2T 4 [ i
3, T 52 3 NDFD #il ADFD T[4, H Rijf
R A BS | D BRE SR AL BIR A E R
WA R R B AT LA SRR R, T RE R
Py HR AL A 2 KA K R i e B s NGE
PRIE Sk ) 8 vRE B 1Ak kR R R W R B A
FH . Paryad %51V F Kim 251 2 MIBFSE T 2 BE
TG 28 2 A 2 1A K DMD (4 5% 1 | 45 5 5 T
P e E PR A A DMD, AR Bl 25 O 15
BEGS IR B 3500, & IS ) DMD 32 83 n , 76 4
Jini ok 6x10" CFU/kg BFik 8k, AWFFTIER ,
L 2 5 fifk TR A IR SRR, TR T TR R T AT FE R N
BT &, B2 o Wb AR W 4 AR K TR LR
T L 4 oy B R AR K IR R A 4 R B
Jr L R RO R O R A 5, & BRI
NDFD #l ADFD ¥ & ¥ Ft &5, 76 % = - 6 x
10" CFU/kgh ik 2] £ K, H i [ B 75 & X
NDFD MM 2, X 5 Sales™™ B #F 53 25 M1
oL, Zain 2" [ 77 3 I BB A 1T LA 35 4R e 1A
AR TEICY) ADFD , 5 A 56 b s i i g B v 42
R BEIE Y ADFD 145 S AR,
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25 B TR 4R K NEC/NDF 7 i B 75 i
DL 3% 0 38 HAE 35 & 52 i 48 98 S IR A K
T, AR HP S T e R R T DA O (AR AN
KW, FAE KR pH, 42 = 1RDRL I R R, Rk
K K NFC/NDF 4 0.89 5 1.10 | {7 i BF s
JinfE R 6x10" CFU/kg B % 4 £ A4 AP 1 & e 1
PR R AR B T
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Effects of Saccharomyces cerevisiae Supplementation in Diets with
Different Non-Fiber Carbohydrate to Neutral Detergent Fiber
Ratios on in Vitro Ruminal Fermentation of Sheep

ZHENG Weicai' HAO Xiaoyan' ZHANG Chunxiang' XIANG Binwei’
ZHANG Wenjia®> WEN Haoyu’® ZHANG Jianxin'"

(1. College of Animal Science and Veterinary Medicine , Shanxi Agricultural University, Taigu 030801, China; 2. Animal
Husbandry Bureau of Youyu County, Youyu 037200, China; 3. College of Animal Science and
Veterinary Medicine, Northwest A& F University, Yangling 712100, China)

Abstract; The objective of present study was to investigate the effects of Saccharomyces cerevisiae (S. cerevi-
siae) supplementation in diets with different non-fiber carbohydrate/neutral detergent fiber ratios ( NFC/NDF)
on in vitro ruminal fermentation of sheep. The method of double-factor design was adopted in this experiment.
Fifteen fermentation substrates were prepared by adding five levels [0 (B1), 2x10"(B2), 4x10"(B3), 6x
10" (B4) and 8x10" CFU/kg (B5) ] of S. cerevisiae to three diets with different NFC/NDF [0.79 ( Al),
0.89 (A2) and 1.10 (A3)]. Gas production parameters, methane (CH,) production, ruminal fermentation
indices and nutrient degradation rates were determined at 48 h fermentation in vitro. The result showed as fol-
lows: 1) dietary NFC/NDF and S. cerevisiae supplemental level had significant effects on cumulative gas pro-
duction at 24 and 48 h and gas production parameters ( P<0.05) , and the interaction between them had signifi-
cant effects on cumulative gas production at 24 and 48 h ( P<0.05) , but had no significant effects on gas pro-
duction parameters ( P>0.05). 2) CH, production was not significantly affected by dietary NFC/NDF, S. cer-
evisiae supplemental level and their interaction ( P>0.05). The concentrations of total volatile fatty acid ( TV-
FA) and propionic acid in in vitro fermentation fluid were gradually increased with the increase of dietary
NFC/NDF, while the concentrations of acetic acid, butyric acid and the ratio of acetic acid to propionic acid
were gradually decreased. When the S. cerevisiae supplemental level was 6x10'" CFU/kg, the concentrations
of TVFA and propionic acid in in vitro fermentation fluid were the highest, the acetic acid concentration and
the ratio of acetic acid to propionic acid were the lowest. The acetic acid concentration in B4 group was signifi-
cantly higher than that in B1, B2 and B5 groups ( P<0.05), and the ratio of acetic acid to propionic acid in
B4 group was significantly higher than that in B1, B3 and B5 groups ( P<0.05). The interaction between diet-
ary NFC/NDF and S. cerevisiae supplemental level had no significant effects on CH, production, the concen-
trations of TVFA, acetic acid, propionic acid, butyric acid and the ratio of acetic acid to propionic acid in in
vitro fermentation fluid ( P>0.05). 3) With the increase of dietary NFC/NDF, the pH and ammonia nitrogen
(NH,-N) concentrations in in vitro fermentation fluid were gradually decreased, and those in Al group were
significantly higher than those in A2 and A3 groups ( P<0.05). The microprotein ( MCP) concentration in in
vitro fermentation fluid was the largest when dietary NFC/NDF was 0.89, and significantly higher than that
when dietary NFC/NDF were 0.79 and 1.10. S. cerevisiae supplemental level had significant effects on the
concentrations of NH,-N and MCP in in vitro fermentation fluid ( P<0.05). The concentration of NH,-N was
the lowest and the concentration of MCP was the highest when S. cerevisiae supplemental level was 6 X

10" CFU/kg. The interaction between dietary NFC/NDF and S. cerevisiae supplemental level had no signifi-
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cant effect on pH (P>0.05) , but had significant effects on the concentrations of NH,-N and MCP in in vitro
fermentation fluid ( P<0.05). 4) Dietary NFC/NDF had significant effects on the dry matter degradation rate
(DMD) , neutral detergent fiber degradation rate (NDFD) and acid detergent fiber degradation rate ( ADFD)
of in vitro fermentation substrate ( P<0.05) , S. cerevisiae supplemental level had significant effects on indica-
tors except for NDFD ( P<0.05) , and the interaction between them had significant effect on DMD ( P<0.05).
In conclusion, dietary NFC/NDF, S. cerevisiae supplemental level and their interaction will affect in vitro ru-
minal fermentation. The optimal supplementation of S. cerevisiae can promote in vitro ruminal fermentation,
stabilize fermentation fluid pH and improve feed utilization. On the whole, when dietary NFC/NDF is 0.89 or
1.10 and S. cerevisiae supplemental level is 6x10" CFU/kg, in vitro ruminal fermentation of sheep has the
best effect. [ Chinese Journal of Animal Nutrition, 2019, 31(11) :5354-5366 ]

Key words: NFC/NDF; Saccharomyces cerevisiae; sheep; in vitro ruminal fermentation
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