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PLCER + TR 1R 500 30170 ARSFGAR, H 45K
TR AR E ) 2% ,08:00 A120:00 73 2 K
SRR, [ h oK.

R R A ) s U L AR R
RN 4 Sk L3RR 18 A5 R 2 150 mL R 8 ¥, 1t
4 JZD A, B WOR T U A CO, Jf 39 C HiFAm
TG A PR AR R F A R B R 5 14957,39
K ORI [ 5256 5 o
1.2 @izt

IR FR IR &/ NA R 730 4 41,A B .C
D 20 2./ 30:70 ,50:50 ,70:30 ,100:0 , 5%
HAE K — 2

1.3 {kI5MESF

KSR I WD BC ) J7 2 a0 R < ARS8 5 KT 4
AT 30 min, #5238 1 R Z R AN N BRI T 20 mL
K, B 1 mol/L NaOH i pH 2k 7.0, F-h0 A\ T M
WER (HLH 2% Menke %1 J51%) % 80 mL 2k
LR NIRIBA,39 CRIBRH

MG INEK T 30 min J5 AL g iR
F 5 FRAE A H 43 31 A 4% A [R] B R & 47 19 &
2 NRRIR A W 80 mL( HisGi# CO, Eiif .39 T
) 5 05 A E W 40 mL; JE 4F AR R 2K i
CO, .39 T &% (50 t/min) ¥ 35, B &3 A4
HE, LAY 0 (LS9 W T
Wikh) 25 FIu I R AN 35 D7 1 2 I Menke 251
()72 64T

®1 BRRVNERKRERKT

Table 1

Composition and energy levels of cultural substrates

24 5] Groups

i H Items

B C D
/TN Acetate/propionate 30:70 50:50 70:30 100:0
JE 8} Ingredients
L1 Acetate/mL 0.283 0. 500 0. 744 1.174
AR Propionate/mL 0.661 0.500 0.319 0.000
&35 14 Casein 1. 000 1.000 1. 000 1. 000
HE /K F- Energy levels
fie{d Energy/kJ 17.86 17.85 17.83 17.80
HEA It Energy/nitrogen/ ( g/MJ) 8.51 8.52 8.53 8.54

1.4 HmRE

SPER 3R )E 2.4..6.8.,10 .12 16 F1 24 h 4%
KA 2 mL B, OF - 20 CR TR, T H 5%
B VFA W RINE o Wi FR45 A , 10 mL 557
B 2 AR K LA AT B R I
HOSANTE , o3 8 R P AR e 0 0 000 7 A0 7T D
HUf) DNA &85 55 18 TR DNA [,
FEHF Y DNA BEAT R Z REPEARI .
1.5 VFARENE

KT H AR B H GC - 14B A (4315 (X % SCHk
(4 TR TG AT I RE o

35 4 fF: B 408 CP-WAX (30 m x
0.53 mmx 1 pm) ;5 k% 200 C, FID £ M #%
200 °C ; A i R R P IR 5, 91 100 °C, R
150 C,FHE#E % 3 C/min, R E K 10, ZIg N
27 I SRR AR

B AR WAL B 5 R4 15 000 x g #5000 10 min
JEB EEW 1 mL, )1 0.2 mL 20% 7 60 mmol/L
U R 1Y e 0 R, TR &) 5 ol B0 B B VE W
0.4 pLFEFEI T
1.6 MEWHERE DNA RENE

SR WA R A SCHR (5 ] 0 07 s 3047 00 B
1) J O TR MO A AR R AR UK 39 TR =
¥% (125 t/min) % 3% 60 min, F-Hi LI EE, H& 4 )2
LA U8 IR 0 (150 x g 10 min) |, AR T E
Syl FHAEBRER K VR 2 WE T A B ER K A
—-20 T AR, 2) 40 IREE B0 5 1 BT
W, PR B0 (15 000 x g 15 min) |, W A2 TTE A
YT, HA A P A S A

TUZE ) DNA #e B o ok H] A g B Ak 2
BROBCIEAE" 1B 08 o il 4 /N4 i DNA 936 ( 1
Mg AR TR IR 55 A BR A |)) PRl i, 4
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il LA DNA ¥ B2 R AL bR W6 B8y AL BR i B
MM, W) %Fﬂﬁﬁﬂiéﬂﬂlﬁl#nn,ﬂéi%
PEYE BV B J5 , 2 mL #F 0 i 4 mL 2R il ) T
60 T LRI 1 h, (i 722N B4 5% B it
(_ BHRRSF) M 5E ODjgs o IR A
DNA ¥ i (mg/mL) —*ETE*T/EHH%J%{W PR i
DNA ¥k J& x fi BefE 4 x 10

1.7 WEHEERYLSH
1.7.1 DNA [{y#H

KAl Zhou 257 (i 5 il 12 4R BOAN T L R SR A

DNA, R 756 1254043 HrA ( R B ) I
FiF $ 3 DNA (1% 3¢ & R4l 2, 0. 7% BB b v vk
Il DNA F Bt K/
1.7.2 PCR

2 1 FH 40 B 16S tDNA ) V3 [X 3f 3 51 4
F338 5 R518 pE47 PCR ¥ 44" Jf dy fI £4F B it
rDNA) ITS1 X 3 3f 5] 9 F1738 5 R1951 # 47
PCR #"$"") , 2% By 5 4 46 J¢ Al Ik K3 90 PCR 3 34
FEYIR/N, Bl B DAY TR AR RS A
R F A R

R2 BEREVSIMFIRSH

Table 2 Sequences and parameters of primers of rumen microbes

W H gl (AL hiiA 7/ PNUN
Ttems Sequences(5'—3") Location Version Product size/bp
M 16S tDNA V3 7 : CCTACGGGAGGCAGCAG 338 S-D-B-338-a-S-17 181
Bacterial 16S rDNA V3 Fiif : ATTACCGCGGCTGCTGG 518 S-D-B-518-b-A-17

J& M rDNA ITS1 i : AACAAGGTTTCCGTAGGT 1 738 S-D-P-1738-a-S-18 214
Protozoal rDNA ITS1 T : ACTTCGCTGCGTTCTTCA 1 951 S-D-P-1951-b-A-18

1.7.3  FEEMR Z50E (SSCP) Kl 55 &1 3% 73 Hr

SSCP #; 1] 2: % Schmalenberger 25" {1 77 1 ,
K13 53 BT 2 B] Carriqo 45" 19 J7 %, 4 SSCP 4]
WAL, TR IE (IR Y)) 18] Jaccard AHALL 1 5 %k
(G, s

Ci=j/(a+b+j).

e 2 MIKEA X EGa b 2 4
VKB A FA R R, G R 1R 8] 9 b 41 %
PRI , A S T G AR 2 AN UKGE (FE L) 4
oA (RIS AE IR S5 49 ) AR R E
1.8 Zitsr#h

5 £ >R ] Excel %@MﬁFL TE
16. 0 {4 Ay One-way ANOVA 7 72
Tukey #1722 & AL,

B, il SPSS
PEAT 53 B Al

2 & R

2.1 RYMZ/WXEFRE VFA REH SN
H1# 3 AL, A B .C I D 20 Z R ik i ~F- 24

S5 12,02 11.41 13,76 1 17. 81 mmol/L, D

MMM e (P <0.05) , w35 i T HAb 3 41,

Hyh C A 4LL,B A Rfk. AB.CHI D AN

BESER{E 43508 6. 50 4. 36 4. 40 F15. 62 mmol/L, 1]

DA HINFRHR E B B H AL (P <0.05)
B.C 1D 21 T W2 vk Bz V- ¥ {8 73 0 3. 33\2-26\
1.88 #i12.18 mmol/L, Hp A Fil C #H[a] 2= 7 B &
(P<0.05),

MBS AR SR, 45 Flt VEA 1 B AR A B A
oI, R ] R EEAHR 2 B # . C.DAF L
2 e 5 B A I ks % I () S TG AN BT 184, T AL B
MW VG2, A HFE 16 ~24 h R BCAH BT T
W B AN IR BEAE RS F7 )5 2 h i T H At 3
H,mESHMmH—, EARHR ETHES AN
R FERR 2 h SMHEASFEAE 3 m K F A8 4k  BAE
16 ~24 h BrBed A BT TR T IR Mk B2 Bl 3% 75 I ]
14 A8 Ak FUEE TP 1R 1) 728 Ak R 3 A
2.2 KM/ AMBEFRRZILGIRFERMMEET
DNA iR E ) %0

4 Al L, KB R /TN B TE 301
AT, KECE B BE Y & /T8 FE i T e
HMHAHAEERT CMDA(P<0.05), M
SRR, B IR L/ VA BE B (8] 11 98 8h A8 A
FF-%% . 4 DNA R EE L B 2l .C Fil D 41k
Z A HEAK; R DNA WREE DL B 2 e VA ZHIK
Z HREHTCHMDYA(P<0.05),
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Table 3 Effects of acetate to propionate ratio of substrates on concentrations of
volatile fatty acids in the culture medium mmol/L
Wi [ fif i) 203 Groups
Items Time/h A B C D
2 5.88+1.11 8.25+2.14 7.61 £0.55 6.40 +0.38
4 7.15x1.06 6.89 £0. 66 8.47 £0.38 8.93 £0.08
6 9.92 +£0.71 10.46 +2.59 8.55+1.48 11.87 0. 64
n 8 12.00 £1.65 11.33 £1.33 14.70 £4.25 15.77 £0.92
ifftiate 10 13.66 +4.28 10.27 £2.81 13.87 £0. 94 16.00 +3. 64
12 17.53 £4.28 13.26 +2.48 17.39 +0.93 20.83 £0.70
16 20.98 +0. 58 18.28 £4.01 18.64 £0.33 28.89 +2.18
24 17.51 £3.67 19.56 +2.30 30.73 £5.15 47.25 £4.11
-1 { Mean 12.02+1.98°  11.41+1.66°  13.76 £2.68° 17.81 £4.46"
2 1.54 +£0.22 4.16 £2.67 1.94 +£0. 30 1.83 +£0.35
4 1.86 £0. 34 1.76 £0.07 1.86 £0.19 2.36 £0.21
6 3.14 £0.69 2.80 £0.92 2.35+0.38 3.22+0.20
N 8 5.70 £2.93 4.36 +1.07 4.46 £1.38 5.32+0.59
Ej(;gﬁionate 10 7.08+1.78 2.88+1.26 4.31£0.13 5.27+1.69
12 9.51 £1.08 4.84 +£1.78 5.71 £0.77 6.87 +0.85
16 15.23 £1.80 7.62 +0.86 6.36 £0.12 10.69 £1.16
24 12.81 £0.45 9.27+0.13 10.86 +£2.38 13.31 £1.82
S-¥4{H Mean 6.50 £1.69* 4.36 +0.87" 4.40 £0.99° 5.62+1.36"
2 0.91 £0.12 2.78+1.78 1.25+0.21 0.93 £0.01
4 1.10 £0.05 1.03 +£0.10 1.03 +£0.21 1.11 £0.07
6 1.82 £0.02 1.55+0.22 1.30 £0.15 1.35+0.16
. 8 3.41 £0.89 2.30 £0.68 1.87 +0.26 2.10£0.26
;Ejrate 10 3.94+0.21 1.88 £0.42 1.93 £0.04 1.97 £0.55
12 4.77 £1.50 2.86 £0.42 2.52 +0.16 2.66 +0.23
16 7.43 £2.09 3.37+0.19 2.62 +£0.07 3.72£0.23
24 5.45 +0.81 3.45+0.02 3.52+0.53 4.92 +0.98
SE-H{H Mean 3.33 £0.76° 2.26 £0.34° 1.88 £0.29° 2.18 £0.46™
[l 7 EHE TR AR A AR 7 B R 22 5 .35 (P < 0. 05) |, AH[E) 7B R 7R 22 e il .35 (P < 0. 01) , A ] 8T8 5 BEJA AR 4 7m 22 5

A (P>0.05), £,

In the same row, values with adjacent letter superscripts mean significant difference ( P <0.05) , and with alternate letter su-

perscripts mean significant difference ( P <0.01) , but with the same or no letter superscripts mean no significant difference (P >

0.05). The same as below.

2.3 YWEAMRH SSCP EiE 5

BI1 9 B A R X R ) SSCP ] 3%, 1A
T RS RO T AR T B R LA S
HE, Z5ai B A B R 2 MU T R 2
FeVE. HAHTE SSCP EIIE AT L, B 4 &4 i £ h
16 2% ,D 4 B /b 5 45, A B.C 1 D 4148
A2 KA MRS a F b FAMNY 2 Kl
cHidly B CHILA, M AFDHKA. Jac-

card AL SR BRI, B A1 C 21 Y 20 1 1135 AH 1B
PEEL R (0.52) , g A 10 S %01

Hi B HUAYg SSCP [F & Al UL, D 21 28 iR 2
17 46, A LA B /b 10 250 B #IC 41301k
12,11 % ,{H B #1 C 41 %4 K E W s T D 4.
AB .C Al D 4 IAT 2 FZALHIKAN e M, J5LR
SSCP e 8K 1%L LA B 1 C 4[] AR AP 5 B8 i
(0.50),
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x4 KM/ AXEFT BRI LGN DNA K E R 0E

Table 4 Effects of acetate to propionate ratio of substrates on the ratio and microbes DNA concentration of culture medium

HiH s} fi] 4 5] Groups

Items Time/h A B C D
2 3.79+0.19 2.81+1.29 3.97+0.33 3.59 +0.48
4 3.86 +0. 14 3.93 +0.52 4.59 +0.27 3.82+0.37
6 3.37+0.96 3.85+0.35 3.63 £0.04 3.69 £0.03
8 3.06+1.86 2.68+0.35 3.32+0.08 2.98+0.16

i;fte/pmpionate 10 2.03+1.16 3.88 £0.72 3.21 £0.12 3.14 £0.31
12 1.88 +0.67 2.95+0.58 3.08 £0.25 3.09 £0.49
16 1.40 £0.13 2.37+0.26 2.93 £0.11 2.71 £0.09
24 1.37 0. 24 2.11 £0.21 2.86 £0.15 3.66 £0.81

SEFME Mean 2.54 +0.33° 3.04 £0.23% 3.32 +0.23" 3.25+0.15"
47 DNA Bacteria DNA/(ng/mL) 8.10 0. 70° 15.40 1. 70* 9.80 £0.20" 11.00 =1.40%
JEidt DNA Protozoa DNA/(ng/mL) 9.60 £1.30°  25.40 £2.60° 4.30 0. 40° 2.70 £0. 40°

x5 BEHAE.FRARMNBMEERER

Table 5 The matrix of kindred index for rumen bacteria and protozoa

I H Items 2H 51| Groups B 4 Group B C 2 Group C D 2 Group D
A 4] Group A 0.37 0.47 0.33
M Bacteria B #H Group B 0.52 0.39
C 2 Group C 0.41
A 4] Group A 0.25 0.29 0.27
J& B Protozoa B 244 Group B 0.50 0.47
C 2 Group C 0.33

3 3t i

R 2 3l A3 A RE B A 3 BRI
PR R D) 2 I 24 B0y 40 o B ) R 2 W AR, TR TR Y
T fE LIRS BT 2 (g R i, DR T 2/ 79 2% T i it
AR 25 [N, 20T 308 e 4 700 2 W PR T i
AR AU R ) 280 A AE AR OC &R o DRIk, 3 o 9
/N HRE e A R . VFA BE 2 KL &9
TEIR B 2y, SR B I W A K i R
TR FIAE O IR . 2 R R T T 4 AR [+ 4 £ 3
SRR B A W A K P i S SR ) o R RE
/TR, R 8 W B0 TR 25 4 T B R
[ , T S5 B % T A 5k B R ), s o T 7 )
L/ W FTUL R 5 304 W 18] F7 78 52 2% 1) B AR

AHFE F W, B 52 W 2 BR YR B L) 10000 41
B R L) 30:70 21 i, X AT BE 2 1 10010
LR T 2R BE A LT 30:70 ZH IR TN R AKX
TS O A S R S IR ) 8 o 2 i 2

Wr¥E N, i R 3R R AR R R 1 B 1 A i T B
T 55 9% 0 2 TR R0 DA TR Mk 38 5 LA 50150 A fIK, 31X T
REAE F T2 4L A W06 M, AR K B PR X
JRYI R A 2 B 8. 3% 55 A SO I 2 10 240 1
Jii H, DNA ¥ BEAE 50:50 4 e mi A — 2k, 73 9h, %
S5 S MU ) 2 FE PR I RS AT — B — 2
PEo U 50:50 41 41 1 SSCP & 4% 2% i Bl i £ 5
50:50 41 Jit HLU P A5 BUOLR T 10000 41, 1 iz 4
P 3 i ) St K BE B I R T 10000 4, ik sb g AR
FEHI50:50 4 40 B R RUBE IR B Z 8 i ELE A
AR E— LK I & B, 40 B L J5 LY SSCP
Pl 3 20 ] #H DL AR BE 45 A 22 5, HAB LA 50 :50 Al
70:3041 S ] AH DI PEFE B &, R T —E W
ECAZISE L PR DI 40 4 30 ) ke A= 0 1 A 245 4 o A
UEo L2 BB R W X A A — E B
n] DL 1 RS W s ) R ) e AR Sk IR AR 0 AR
B, P AUAR A, ST AR A — &
f—FopE™ T N Tajima 2510 89 BF 5% & BR,
o 30 H 475 2 190 ) R DKL ) 8k 5 SR B 738 Ay e G RHAE
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Acetate to Propionate Ratio.: Effects on Volatile Fatty Acid Fermentation
Pattern and Microorganisms Diversities in Rumen Fluid in Vitro

YIN Zhaohua'! WANG Mengzhi’* WANG Hongrong”* ZHANG Jie* YU Lihuai’
(1. Yangzhou University Experiment Farm, Yangzhou University, Yangzhou 225009, China; 2. College of Animal Science and
Technology, Yangzhou University, Yangzhou 225009, China)

Abstract; This paper was conducted to investigate the effects of acetate to propionate ratio on the pattern of
volatile fatty acid ( VFA) fermentation and diversities of rumen microorganisms. Four goats fitted with perma-
nent ruminal cannulas were used to provide rumen fluid for the in vitro study. The four treatments were set ac-
cording to the acetate to propionate ratio in culture substrates, which were 30:70, 50:0, 70:30, and 100:0, re-
spectively. Variation of VFA concentration was recorded, and diversities of bacteria and protozoa were investi-
gated by SSCP fingerprint technique. The results showed as follows: acetate concentration of 100:0 group was
the highest and was significantly higher than that of the other three groups ( P <0.05), while that of 50:50
group was the lowest. Propionate concentration of 30:70 group was the highest and was significantly higher
than that of groups 50:50 and 70:30 (P <0.05). Butyrate concentration of 30:70 group was significantly
higher than that of 70:30 group (P <0.05). Acetate to propionate ratios in culture medium of all the treat-
ments were close to 3:1, while that of 30:70 group was significantly lower than that of groups 70:30 and 100:0
(P <0.05). Bacterial SSCP fingerprint showed that bands number of 50:50 group was the most, while that of
100:0 group was the least; protozoa SSCP fingerprint showed that bands number of 100:0 group was the most,
while that of 30:70 group was the least. Similarity index was the highest between 50:50 group and 70:30 group
on both bacteria and protozoa fingerprints. In conclusion, the VFA pattern and diversities of rumen bacterial or
protozoal community can be modified by acetate to propionate ratio in vitro. | Chinese Journal of Animal Nu-
trition , 2011, 23(12) :2129-2135]
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