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Kk 200 g(EK = BMI=7:3), AlRPOK. KB Y H, TRMOR Z A& B8 /0 N 4 K107 B W% T 5
TR B N O e AR 09 SR Y . [RI  FE AR [0 B2 3 R 2b A it vk i 08 U K IS 9 B
WA NV — B R RE s b RS T I 30 s /5,48 0,125 nm Jé e 48 1 8, B0 U8 5 1998 B )
ST N

1.2 3c ik ey me )

AGRE 198 B A Y B 3R S ] Longland 481 ECH . B AP ES L LU 1 5 04 H IR R ORI B R
SOCHIRE G R ARG 60 mL B A5 MIF MR A B R BR T KRG R EMESRH DG & T
39CFIRER IR 24 h, KA E W H IR IR B 1 0 ik Bl
1.3 K&t
1.3.1 AR HRRFEMFTERMESARR N LB 500 W & im0y H R Z 5 (Lolium perenne) K
Tk, 8 = 2J(HF) s & s S5 00 HOME CRZ B0 DR, 5 = 5) (ME) VBORE & IR AR R B« KSR}, 2
8) (CEF) CH PR iRl th F KA S B, LE Ry 7+ 3. fLAR 2 2 mm [0 I & 0.5 g, 51X &% & IS
Vs 53 i BEAL FRA X BRZH R 25 1 20 HE v b BEZH v A B R R AN B S IR 2 Ry 4,7 mmol /1L, X B ZH B RS S o A
B R TR RO W B K5 37 3 o3 TR AH B A AL 25 VAL o BRI 2 0 (R B Rl . #5003 R B2 24 h 250 )5
LT S I s 7 A B T e 7 e, R A RS D R MR ) pHL L, [RI I IBOR BE N AW S R B T RCE T —
20 CUKFEORAR » 2 I HE R VERE Wi R (VEAD MR EE
1.3.2 GESARIR AR S8 B R AR = R A . IR B R R AL B (R R R s E L
PP OO BEZE A S 0 E 5 2% TR A, Ak P v B H R R A Y VS IV BE 43 iR 4.7, 10 mmol/ L, 7S AL BRAS AN AL
HAh 557 S AL PR — 30 5l Al A1 5 AN, SR LR AEHIER 1.3, 1, BB KA 3 R & 0. 86
g BAZ ROk G L2 2 mm (0D 19 & B, A B AR I ZE IR 35 3 1/, T 116 C R K 20 min, #4 & %
R 39 C g 428 10 mL B A0 B BRI 255 72 0, r A AL FR AR BRAE 39 C Rk 3597 48 h, R4 WG,
PP B R A0 L AE 4 000 r/min R B 15 min, BUEO S B LIE W &8 ML RS TR A7 A T R 1
JIg 0 R R . [R) ISl 0 L UE B N LR B B B PN, T 105 C Mt = fE E L LA BRVE A OE . TR W 0 W R
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FARLRS G LR Ry 2 mm (070 55 SR BRIR G080 1 1 il 00 I8 B R R — Al Ak A 0 R A as ], H P o) R A
ANUS TINAE BH 2R TR — 0 o Ak BRZH v A R R AN A VS IR B 43 S 4.7 K 10 mmol /L, =5 2 BROS 3Rl AL L At g
Iy SR PR — B, AR I A 5 AN TEE LIS IEATA Y 168 h, &AL FREEFR 10 mL B 4E K 48 h (098 B E 5
WA BRE A S IR A LB K. T 39 C I E b {97 . BigR W 1E) o i 00 4 R O vh i) 7 i s R B R
Jei s USE 0 00 T B R 2% O Bl I
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WA SRR — B, KB IE b T 0.24,48,72,96,120 h IF[A] A5 2% B[R] A5 23 B0 BRZH 55 48 5 2R R —
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k710 7/ DR N Sy e 1
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Rrge . U5 1. 3.3 HdE SR A SPSS(13. 00t ANOVA A7 B[R - J7 25 5 43 A 48 ) 2 B2 — 41 119 4 380800 5 3 30
1.3.3 g4 % A SPSS(13. 0) 1t GLM 1 Repeated Measured #4704 40 B . BUOHE 45 55 DL OE 359 50 4 b o 2%
FR.
2 ER545H
2.1 R km it pHA PIRABLEHER T % .7 L EARTKREN YA

et HEAF L o V5 0 AE 5 2R R Mt S R T pH(E R PR AR (P<C0. 05) (& 1), JF 5t 3 1 57 4 k1 (P <<
0. 05) 5 HARXS % 48 45 B A 355 W (P<C0. 05) , 76 7= a7 1, H AR 5 3EB R IR — B8 Z (8] A i 35 i BLARE RN (P<<
0.05) . BN HEAR LL o VA I AE 1 2% R — 0 B 3 R AIK 17 Y o )™ 2t (P<0. 05) 4 DUIRHICHE H R O & B2 IR W B B3 hn 4
18 mmol/L FE ] 2 R 4 Y &b B 2H v B o 7= it ) 45 0 HRZEL A AI T 6. 190 A 4. 396 5 T 8 A R0 HOAR O % B
T S 5 2R TR A A B AL A PR e o 0 RO B R AIR T 9. 300 1 14, 006 s BN BEZEAH B VR N 4B A R R —
WY R ERIET 2N 25 T RERR P 2R N & TVFA ¥ EE (P<<0. 05) JHXF T B #k ¥ JC B 3 5% i (P>
0. 05) s FEH Z R X A IR I 2 T Hb LA S 38 1 39 8 1 (P<0. 05) 5 7 H e ] & TS BL 7 T JE W 2R R — 4 5 )iS
Yy 6] 47 7E 535 9 AR RN (P<<0. 05)

R1 EMZFBROMXNBRMELZEREHRSEHR W

Table 1 Effect of disodium fumarate on the methane and VFA production

i H HE R TR 4 i 2k Significance (P Value)
Index Diet Disodium fumarate (mmol/L) FE ) & 2 — 40 Disodium fumarate H HAE RN
0 4 8 SO PN Treated effect F %% Dosage effect Diet Disodium fumarate Diet
LF  5.9340.05 6.03%0.07 6.07240.04 <<0. 001 <<0. 001 <<0. 001 0.319
pH MF  6.1324:0.03 6.1540.02 6.194-0.06

HF 6.27£0.04 6.3140.03 6.36%0.03

BERE LF 119+5 128+2 135+4 <0. 001 <20. 001 <20. 001 0.027
Total gas production MF 100+£3 1074 1172
(mL/g DM) HF 91+3 108+2 115+2
A g5 LF 494423 464421 473+12 <0.001 0.681 <20. 001 0.003
CH, MF 463+21 452+11 422439
(pmol/g DM) HF 399417 362426 343431
LR LF 12.11£2.52 15.61+£1.21 17.82+1.47 <0. 001 0. 943 <0. 001 0.167
Acetate MF 15.5941.01 24.35+2.10 23.69+6.11
(mmol/L) HF 18.3142.02 22.36%2.47 21.04+1.59
R LF 10.254+2.10 15.1940.73 17.3140.55 <0.001 <20.001 <20.001 0.437
Propionate MF  7.924+0.29 13.1540.76 15.77+2.17
(mmol/L) HF 8.00+0.73 11.5640.92 13.62+1.15
TR LF 10.6240.67 11.4740.77 10.7840.61 0.113 0.851 <0. 001 0.873
Butyrate MF  7.6540.57 7.9940.45 7.77+0.92
(mmol/L) HF  4.454+0.41 4.75%0.57 4.3240.42
BAERMEIEHN R LF  33.7445.21 42.2841.12 45.9142.02 <C0.001 0. 266 0.015 0.313
TVFA MF  31.1641.72 45.4943.15 47.24+9.04
(mmol/L) HF 30.7543.09 38.66+2.45 38.98+2.94
LN LF 1.1940.22 1.03£0.10 1.0340.06 <C0.001 <C0. 001 <20.001 0.013
A:P MF  1.9740.09 1.8540.06 1.48+£0.21

HF  2.2940.12 1.95£0.30 1.5540.42
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2.2 P RBRIATFHAE FRE LB AFE D R

UIm 4,8 F1 128 mmol/L 4E ] Z F2 — 84 it kb BRAL v B3 7 Ak o i o IR AL 2 5 T 12, 96 %6, 27, 1304 Al
36.05% (P<C0.05), #RFRELLAH L A0 8 F1 12 mmol /L ZE 5 2% BR — 4k Ak F 26 f1%) P 1R ok 5 . 0 Ak g ) BR T B
KWk R & $2 8 (P<<0.05), FEWHRIR AL BE B E % T TVFA M LR ™ /& (P<C0. 05) , #s il 4E 1
KR AN T IR Uk BE 5 i /N ANAE 12 mmol/ L 5 i i 5 X0 BRZH At 35 25 5 (P<<0. 05) (% 2).,

K2 EHFR-HUMNBENEERELEENNZMN

Table 2 Effect of disodium fumarate addition on in vitro fermentation of Ruminococcus flavefaciens

e 4R Index FEF R R 4N Disodium fumarate (mmol/L)
0 4 8 12
2t 7S & Cumulative gas production (mL/g DM) 94,7943.21 a 108.02+4.47 b 129.58+4.72 ¢ 147.60+4.75 d
LR Acetate (mmol/L) 11.59+0.02 a 13.44+0.54 b 12.28+0.36 a 13.23+0.50 b
2 Propionate (mmol/L) 2.25+0.11 a 2.3240.19 a 2.9740.07 b 2.67+0.22 b
T FR Butyrate (mmol/L) 1.71+0.18 a 1.6440.08 a 1.8140.09 a 2.16+0.10 b
BAERPENR R TVFA (mmol/L) 15.50+50.05 a 17.404+0.77 b 17.0640.48 b 18.704+0.72 b
TY B % Dry matter loss (%) 41.8040.35 a 40.9740.85 a 42.8840.37b 43.3240.74 b
2T 4 [ A 1 80 Number of cellulytic bacteria ( X 10°/mlL) 4.20+2.80 a 3.00+0.50 a 9.50+2.00 b 26.7042.90 ¢

T AT ARG 58 %R 22 57 3 (P<<0. 05).,

Note: Values in the row with different letters mean significantly different (P<Z0.05).

2.3 EPERR_ANBEALARLBEFT AN "

2.3.1 JEEHRER AR A E E R B ERNE s B BRALA L R R 48 hJE L A R R N A Ab
FRZA A Bt A TR GG IR T 0 BUZH (P <C0. 05), & 8 R 45 4 3120 19 IS ) T W) B2 3 2 288 43 S e X BRA B A T
20.04% ,46.50 % fl 54. 78 %6 (P<C0. 05) , Bt 7= ik 43 B4 % FRAL AR T 12. 8996, 29. 6924 Hl 43. 3806 (P <<
0.05) (K 1),

2.3.2 JEEHRER AN IR A E R R R RS I RO A AR L . B HEE R 24 b USSR IR A
FREAR T A R W S R T ER LR E R NG ) R R T W B R M SRR EE (P<0.05) ., KR
SIS S HE 5 2 R A Ak ER A R R P R T A 2 T A R B AR T 41, 39 260 (P<C0. 05) , T4 i 11 4k SR AR AL
F#AIG T 38. 34 % (P<C0. 05) , ZERFE N HRAL AR T 27. 70 %6 (P<C0. 05) (& 2)

—— 0 mmol/L —T— 4mmol/L
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Fig.1 Effect of disodium fumarate addition on the ryegrass fermentation by mixed rumen fungus
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Fig.2 Effect of disodium fumarate addition on the ryegrass fermentation by N. frontlais
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Effects of disodium fumarate on in vitro methane production and fermentation of rumen microbial
MAO Sheng-yong, WANG Xing-feng, ZHU Wei-yun
(The College of Animal Science and Technology, Nanjing Agricultural
University, Nanjing 210095, China)

Abstract: Three experiments were conducted to investigate the effects of disodium fumarate on CH, production
and fermentation by rumen micro-organisms. In experiment 1, rumen contents were collected from three local
goats. Disodium fumarate was added to the incubation bottles to achieve final concentrations of 0, 4 and 8
mmol/L-fumarate. Results showed that disodium fumarate addition increased the final pH and the production
of acetate and propionate linearly (P<C0.001), and reduced the amount of NH; —N in the cultures. Compared
with the control, adding disodium fumarate to batch cultures reduced CH, production. In experiment 2, the
effect of disodium fumarate on the fermentation activity of Ruminococcus flave faciens was investigated. Diso-
dium fumarate was added to the incubation bottles to achieve final concentrations of 0, 4, 7 and 10 mmol/L.
Disodium fumarate addition increased the dry matter loss, TVFA production, and the counts of R. flavefa-
ciens. In experiment 3, the effect of disodium fumarate on ryegrass fermentation by rumen fungi was investiga-
ted. Disodium fumarate addition (0, 4, 7, and 10 mmol/L) reduced the dry matter loss and the cumulative gas
production (P<C0. 01). These results indicate that the effects of disodium fumarate on rumen fermentation
mainly depend on the nature of the incubated substrate, with the high-forage diet showing the greatest re-
sponse. Disodium fumarate addition increased the fermentation activity of the mixed rumen micro-organisms
and of R. flavefaciens, but reduced the fermentation activity of the rumen fungi.
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