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i OE: AR RABSNARFEE A Z, RIT A AR KO- 0 ATBE XTI
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(P<0.05), @I, %&m 100 mg/L g WA A B 25 m3) A8 TR EBFHMAMNET,
KR MM E SRS B § RSN A B CH,

& 4K S :S823 XHEARIRAG A N EHS:1006-267X(2013)10-2303-12

REERAYHERE P REZENGE .
38 A U R Y B AR PR DT R ( VEA)
A s Bt T O R B O 3 5 8 A AE
B AR RS ks R P AR I B (CHL)
A o3 28 A5 R (NH, -N) LB 4 s 1R] 426 1 07 CHE
PRAN, BEAIR 1 2 3l o0 BE B 0 2 5T 0 A1) 2
R DR S VR R R k4R AR
L2 o3 SRR ek CHL, AR ORI 80 HEE, %o 3
19 S A B A R R AR R TS e A R
3o ARAIF[R] LK, 042 3R AR O S 2 3 ) 1 B s
IR AT A R0 150 B A R, AR B R RE
AR R R R R R AR I 7 A

W # B HP:2013 —04 - 19

(R 245 LA S T TR R 2L v 17 5 B8 56 ) 2 1
Gk TR KPR AT, FZEEC 45k
iRl ) 7 KR S A RN | 1IR3 1 il 8
PRI, -4k K 8R 0 J F 8  30) %o 45 s s 44 s i A=
FEPERE AR A P85 HL A T Y S A B S
T PR T A O A AR =4, HA DU Bt
AP B R S Th B L FE R A s s R
Hh HADRG T B A A 3 5 e T o) RS S R E A
A BRI TR R MO R S R
CH, 1974 Fn R #2988 B A fCi . Jahani-Azizabadi
200 PR R R RS T AR i xR R B
PERIFZ I, F BRI 20 WL/ L (R 29 | 4 270 A

E&£WH: T = AR (2012BAD12B02 ) ; H = B2 B AR A #r L% 8 2277 191 35 H (XDA01010301)
YEEE N &R (1987—) , B WA 054, NG R 4 3h ) F 32 0F 58 . E-mail; jinenwang3515@126. com
* BIWAEE : MBS, BIFFSE 01, AL 2E 3 il E-mail ; burdenpan @ gmail. com



2304 g

it

Fr

S

25 4

PRVAE i 45 fig fB 3 (IR NHL,-N ik B2 f CH, A= A
Evans 25" g (R #M R 56 2 B, R A 400 mg/L (9 H
B W R AR T CH, A i, H R Bt R A% T 9%
B Z IR FN TN BRVE JEE . Borchers 25 41, 98
B PN 000 mg/L B H BESEUREE R PR
SR AN NH,-N i BE AT, AT 2078 980 7 o2
WIRAC Y, Castillejos 251 5 iof £5 4% 55 77 i 36 45
LRI 1 500 mg/L IR A A RS T R AR e ok T
W B R APERR IR ( TVEA) ¥ B {HZ XA 1LY
O A 20 AT S B L T Busquet 451 3l —
SEA RS T R 2R T A il AR ) B
HE SR (AERE T T M) U Nk B Ny
3000 mg/L Wf S 3404 TR B MUE Y &,
300 mg/ LA VR AN 2 o 5 060 B 0P A I S K
WA 3 me/L g SE A kG i K% H 3 B R 4
X IR AR A R AR N L R RS
R B L, A R BF 58 3 BF 58 A4 40 K5 1ih S 5] 95
KT Xt 8 B R CH, 2R LR R 1 2536 R R —
ES QN THERRE 7k R BOR A=A 3 A LU N~
T R R HE YR B R 1 o X TR T AR ) T
FEDRE i 07 1 B AR B =, L0 RS i %) R )
i IR 1) A 080 T % T 0 S MR R B AR M i . AR i

6 B AR XM 8 B 5 A [ 9 i 7Kk
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FACHE AT CH, 2R 8 520, i e A R 98 B A I
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PR A S %
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KAMYK, TRIEE 1 hRE 3 KBAEY A4/
T3 B IR 2R A R0 A P i g (TR] i 7e
A AR ) T PR IR A (0] S
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PREE I A B 22 A 0 B 4 T T B K AR
AR T AT DR B AR 3l Wy B A R 1)
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WURLRE, T 5 A Tl ) AR 20 80 b B J7 KR L
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Table 1 Composition and nutrient levels of the diet (DM basis) %

JE 8l Ingredients & & Content 27K F- Nutrient levels® & Content
E2E Chinese wildrye 3.7 T¥) i DM 55.78
EfE T %L Alfalfa hay 28.4 HE H 5 CP 16.67
Lk EKF I Whole corn silage 26.7 M EE 2.24

E K Corn 22.6 PP £F 4 NDF 44.18

E ¥ Soybean meal 11.8 R VR A 4 ADF 26.06
LK Cottonseed fuzzy 5.1 MK 4> Ash 7.74
iR =44 CaHPO, 0.6 45 Ca 0.82
£r£h NaCl 0.5 WP 0.31
iRkl Premix" 0.6 YRR NE,/ (MJ/kg) 4.07
41t Total 100.0

D iR R b 45 T AR R 4 The premix provided the following per kg of the diet: VA 2 000 000 TU, VD 600 000 TU, VE
10 800 mg,Fe 5 500 mg,Cu 4 080 mg,Mn 4 989 mg,Zn 17 500 mg,I 180 mg,Se 110 mg,Co 8 805 mg,
D R s R R B, Hifth S SE{E . NE, was a measured value, and the others were calculated values.

1.3 Izt (UL 1. 4) L8 12 A R] R UZ AN G5 40 15 7 i

SR JH AL IN 1 Bl ML 3 BT, o MR RS il
(PRI A B 22 i) /9 4 FPES K F- (0,100,500
11500 mg/L) ENALFINER . #5 3 G BER

B>y 4 AR, A A Ab B 3 A A A 1 A
6 d, GARIEN ] 3 d FEREEN 3 do AR YIR
A1 A A NEA 2 Bl .
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PR A e e 2 SR v B AR B 2 B b ot 36 4K
= S D R L NI T N i R W o A W = e 1)
RGN BRI R G I W IR R R BERE
R pH F ™= AR, I BE e IR R WA R R R
S [ e PR PP NN T Y DA R Bt s AT L i BR 4
A ] K P RS vp ARU(N, ) DAZESF & B N
PIPREA L. TFIR K& B ) B4 Kk e FE (5 a0k
FULL) P A 20 g (a4 670 mL 3 i 98 B i AN
330 mL A T M & #F 17 & B, N T ME R A
Mc Dougall¢ " i e 77 Be il o 2 1 45 ik
AR BE 39 C 5 e 15 o/ming J) R B 3
8% /hy [ A& #i B % 4% /h; N T ME K H o A
0.4 g/LIREK, LMD B A6, 5K 09:00 F
21:00 MHERE H 4 100 mL & B ad & B8, SR 5 M
TRk 1 A & R FE OO 20 g FRRR (RMRE) AN
100 mL A ToMEJR . ARAHE ) B 4> & B A A
VL 2 K ST 0 A 0 K Sl TR) B o A O v R
FEA N, , DAAERFE N IR H AR
1.5 #Hm*x&E

B K CREANI0 9T) APk DA & I 38 1
TSR B R R 5 mL T it RS (R , A &
S G 8 P T 11 A BB 3 Ak s A 97 ) 7 B BE T R
Jeded T BTt (DM) M H 5 (CP) |
WP R U £F 4 (NDF) FITER 1k ¥ 41 4 ( ADF) (14301
TE o VAR BT ROM BR REAR %6 (ACP) (i
VR LT YE [ fi% % ( ANDF ) FlER P Yk % 2F 4 [ fi 32
(dADF) , DIWF 53 A 400G 1 %o 98 B8 fl A 00 % Aot 0%
AR, B o ENE 3 h 5 & BE R SR8 B
A=) e AR AL F AR X RS RS, BRI, A0
WK 09:00 #MEHE 3 h B RAE R B 4 mL J]
F NH,-N Fll VFA ¥ B (72 , LA ST I8 B i 9
X AE PR )35 DG Ol SRAEEHI (554 ~6 KX)
K 09:00 ¥MEHE 6.9 112 h ¥R K EEW 2 mL
FHF VEA ¥ B2 (000 72 , LABIF 5% R 4900 K b 6 45 4> b
BHEBAN VEA ¥R B AR5 00 o 38 3 28 8 A N
() pH HLA% F 3l I & B pH, JOF A 3 s ATHE
Blo B RUCHMEL ] BE (12 h) N ) pH 228 46 B 1
— 30, BILL 12 h Sk s SR IO , IS AR R Tl %
KW pH AR AL AR 2. R B RS R I8
WEANEE— A FR5 JARILEE 09:00 #MEHE 12 h Py &
T i 7 R B AU, T T CH, AR A3 B0 T &

1.6 RS

KAWL S 4E 1021 LL A 25% 1Y fi 5 iR
A3 IS AR €8 3% ( Agilent — 6890 NGC system,
Agilent, America) 7 E VEA ¥R FE . TR 4R 1 U6k
TR 31 Eu il in A 25% W B R , 4% 51 J5
£ 12 000 x g F B0 20 min, B35 R T BEED EE
0 AT NH,-N B2 A0 E o K A& BERE rh i
81 5 mL %A 10 mL H L4k gL ik, 425
HE 3%, % Sedgewick-Rafter( ARTHUR Thom-
as NO. 9851 — C20) J5 st it Hobi it 4™ . <k
CH, &5 8OR] FAAH €438 ( Agilent — 6890 NGC
system ) {ll] 7 ., NDF f1 ADF & i #% l§ Van Soest
S EIE . DM A RES IR GB 6435—86 il
E AR A WEH S 1) DM 5 & OC R IR SN T )
JoT i 2
1.7 HIESWH

I A S A 1) £ 95 F Excel 2007 #E47 9] 25
IS, R SAS 9.0 v MIXED #RI# 47 )5 2641
Br, B T YA £ bR 22 40K, P <0.05 S B 3%
I, IF R H Tukey J5 bk 04T 2 5 AL,

2 FERELSMW
2.1 HEYRERRMAKENZER pH K

HH 3% 2 AT, 25 20 pH 7E & W) 1) 1 2 B A b
Hu RGN, B 2 K I R TE) A A K 3 o R A T K
%, R A IS N2 TE & 1§ 36 h LU pH JEARR 2
FE6.6 ~6.8 Z 0], B =& IS AL AE & 8% 48 h
UG pH AR EFE 6.7 ~6.8 Z[A], 5XF R4 A
Lb, 781 100,500 mg/ L (1% PR A vl 1 BR 2= Ayl 4R
[R5 1 pH(P >0.05) , 711 1 500 mg/L
() A FE Il R & B 108 h I pH B F R (P <
0.05) , 1fif 7€ F 4% B[] g A 7™ A= B 5 ) (P >

0.05) .
2.2 BEYRBHAMKENEFEIEBEN
A

2% 3 AT, A0 100,500 mg/L i 1A i Al
JIT A5 79 45 B4 B 2% A 4 dCP dNDF Al dADF ) &
PR ERW(P>0.05), 71 500 mg/L [ A
FEMMAE & 55 5.6 KX dNDF FI dADF & 3 [ %
(P<0.05), 7 KEEHS 2.4.5 Fil 6 X dCP g & [F
fIR(P <0.05) , HAABFEIIX 3 FliEs 5% 82 1) % A
REXMATE FEZEF(P>0.05),
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Table 2 Effects of essential oil supplemental level on pH at different fermentation time

. H A % BN} [f] Fermentation time/h
KLY I Supplemental
Essential oil level/
0 12 24 36 48 60 72 34 96 108
(mg/L)
0 6.43 6.52 6.67 6.74 6.74 6.76 6.66 6.71 6. 64 6.73
+0.22  +0.20" +0.14® +0.11 =+0.11 =+0.09 =+0.21 =+0.18 =+0.11 +0.10"
100 6.37 6.64 6.77 6.82 6.77 6.84 6.75 6.79 6. 74 6.79
TR EE Tl +0.08 +0.09™ +0.06° +0.01 +0.03 =x0.10 =*0.04 =+0.08 =+0.09 +0.09"
Cin 500 6.42 6.73 6.79 6.82 6.78 6.82 6.79 6.77 6. 74 6.85
+0.10 +0.05" +0.01* +0.07 =+0.06 =+0.10 =+=0.08 =+0.02 =+0.05 +0.09"
1 500 6.18 6.48 6.56 6.71 6. 64 6.81 6.58 6.67 6.65 6.48
' +0.26  +0.10° +0.04° £0.07 £0.09 +0.16 %0.13 =0.08 £0.02  +0.10°
0 6.52 6.56 6.65 6.69 6.75 6.75 6.75 6.73 6.71 6.76
+0.17 =x0.11 *0.14 +0.05 =x=0.05 =*0.11 =+0.14 =+0.11 =+0.20 +0.11
100 6.64 6.65 6.69 6.69 6.81 6.74 6.82 6.80 6.73 6.75
BA 22 ZR +0.13 x=0.03 =*0.06 ==0.07 =x0.04 =x0.04 =0.02 ==0.04 =x0.05 +0.08
Spe 500 6. 64 6.68 6.74 6. 74 6.80 6.79 6.82 6.82 6.81 6.83
+0.05 +0.08 +0.01 =+0.09 =+0.03 =+0.02 =+=0.00 =0.01 =+0.03 +0.00
1 500 6.32 6.50 6.62 6.71 6.81 6.77 6.80 6.84 6.77 6. 84
+0.47 +0.37 +0.21 =+0.09 =+0.01 =+0.09 =0.05 =0.03 =x0.08 +0.06

[l SR R AR ARG PR B 2557 (P <0.05) o K2~ KT,
In the same column, values with different small letter superscripts mean significant difference (P <0.05). The same as
Table 2 to Table 7.

K3 EWIEH RN XA B & B 8 E 5 A S PR R B R

Table 3 Effects of essential oil supplemental level on nutrient degradation rate at different fermentation time %
FMRS I B oRF- % F#m A Fermentation time/d
i H s Supplemental
Essential
Items oil level/
i .
(mg/L) 1 2 3 4 5 6
0 69.11 77.10 75.52 73.03 80. 74 72.39
+9.90 +9.43" +9.66 +8.39° +5.82° +3.34"
100 62.25 72.18 73.75 76.61 71.73 71.06
REER +4.52 *5.06" £2.47 +3.90% £9.04° +3.18°
Cin 500 65.09 65.20 73.30 69.93 75.89 68. 72
+5.02 +8.24" +4.30 £6.17% +10.15° +2.51"
1 500 65.19 51.59 60.11 59.42 50.15 49.26
HLER F R ' +8.16 +5.39" +6.30 +7.70° +7.52° +1.83"
e fie
dCPp 0 70.72 81.62 76. 56 74.47 77.94 74.16
+8.83 +5.59 +5.60 +4.70 +2.21 +3.75
100 65.51 75.55 73.19 74.91 79.26 73.52
] +4.05 +2.65 £4.60 =1.58 +1.50 +2.06
Spe 500 68. 08 78.79 75.24 70.75 77.99 73.76
+4.01 +2.21 +1.76 +0.30 +1.54 +2.87
66.65 74.97 74.17 72.88 74.23 70.57
1 500
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TR I HRCF k2t 6] Fermentation time/d
WiH . Supplemental
Essential
Items oil level/
(me/L) 1 2 3 4 5 6
0 59.95 61.37 59.85 56.51 66.05 52.17
+9.86 *+7.26 +9.20 +5.43 +9.06" +5.52°
100 47.99 55.34 57.27 58.62 56. 02 51.53
PR T +3.53 +7.71 +6.23 *5.44 +5.32% +0. 39"
Cin =00 51.14 47.36 54.92 57.63 59. 00 46.35
+9.64 +8.48 +5.88 +1.54 +8.20" +1.47°
" 1 500 58.95 46. 20 46. 67 46.37 38.31 27.31
EP&%{* +8.41 +6.45 +8.60 +7.87 +7.12° +3.13"
AT B A 1 12 4 12 1
JINDF 0 57.18 66. 60.7 57.03 58. 51.78
+8.76 +8.66 +9.62 +7.32 +9.27 +4.86
100 40. 31 58.76 55.90 54.59 59.23 51.53
B 22 eyl +5.00 +1.95 +7.21 +2.36 +4.84 +2.90
Spe <00 49.23 62.88 56. 14 51.30 56.29 53.78
‘ +6.45 +2.89 +1.51 +3.27 +0.59 +7.25
| 500 50. 47 60. 76 60. 04 57.60 57.84 48.41
+9.82 +4.76 +4.79 +8.65 +7.79 +6.50
0 43.05 48.43 47.74 41.77 54.43 33.31
+8.03 +9.68 +6.46 +10.67 +9.76° +7.68"
100 27.33 41.17 43.05 42.86 40. 85 33.05
AL +4.26 +8.97 +9.57 +7.45 +9.64™ +1.74"
Cin 00 32.36 34. 44 41.77 44.. 54 46.15 27.18
+7.54 +7.67 +6.66 *+3.17 +6.53% +1.25°
S 1500 44.92 34.78 35.53 31.01 29.35 8.05
E&&ﬁf(’* ' +7.83 £1.11 +10.40 £6.40 £8.14° £3.91°
YRR :
JADF 0 41.90 52.97 47.47 42.21 42.07 32.73
+19.52 +12.66 +13.88 +14.19 +13.80 +6.65
100 19.23 42.77 40. 34 37.84 43.32 33.17
] +6.74 +2.92 +9,.33 +2.66 +7.97 +3.77
Spe =00 31.58 48.50 39.13 35. 60 39. 84 36.89
+9.89 +4.98 +2.27 +4.47 +0.83 +11.99
1 500 34.76 45.88 46.99 43.30 45.76 29. 74
+8.22 +7.67 +7.08 +12.11 +14.93 +8.41
2.3 YRR MAKEX VFA KBNS MEBE 27T h FFIR B E TR (P <0.05) . 500 mg/L

M 4 R AE R IR (3 h)ﬁ“ﬁfﬁmmﬂm
FIEE 22 il % TVFA | 2R N R FE FI 2 R/ TN TR
(A/P) R H W ZE W (P >0.05), MKEE
27 hiF LR, 1 500 mg/L KA M4 H TVFA | £
PR RN PRV FE W35 TR (P <0.05) ,A/P W& T
(P<0.05), 1500 mg/L & % &MU 4l TVFA
TERTE 123 h i i FFE(P <0.05) , 75 K B 27
99 #1123 h BFNFRIRE B % TR (P <0.05) ,A/P

IS4
o

PIEETM IS N2 TVFA | 2 T2 F1 D9 IR W 3 76 K I8 27
F199 h I} FFEAK (P <0.05) , 11 78 HAR & B
[f) 515 %] IR 25 AR B3 (P >0.05) . 100 mg/L
(9 PR BB 22 A 500 me/L (1) 88 2% F s
YRS 45 2 TR ) () A1) VA Y FE 35 77 AR i 2 52 )
(P>0.05), Ffids & B[R] 4E K, 0,100 Fl
500 mg/LA TS 4]l TVFA | 2,18 . 74 R Wk Ji
A/P LW EAAL (P >0.05),1fi 1 500 mg/L A
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TSN TVEA | R FI TN R vk B . 25 R R (P <
0.05) ,A/P B EFF 25 (P <0.05)

H& 5 Al A, 1 500 mg/L P4l s i 2H 7 &
T 1 1 I [ 5 34 W 5 BRI T TVFAL SR FIIN IR
WHE (P <0.05),3 8 7 A/P(P<0.05),
1 500 mg/L A %5 i is in 41 3 = B AR 1 N IR Mk 2
(P<0.05), B ET A/P(P<0.05), 1%

TVFA M LR TG 8.3

R4 EMIERRNK TR REER B VFA R E

(P >0.05), &7

500 mg/L PIEEVHA AL AE#MELE 9 h B B 2 RE AR
TR RE (P <0.05), 78 H A B[] 55 100 Fi
500 mg/LAE: AN ER 2 Bl i gl Xt TVFA fi 2,
PR AR = HE B E W (P >0.05), £ 1 4 %h
BHEWI (12 h) Py, Bl & BT R B, 45/ 22
R INAL TVFA | 28 F TN BR vk B S T Rt 34
AR E B EAKF-(P>0.05),

sbA

Table 4 Effects of essential oil supplemental level on VFA concentration at different fermentation time mmol/L

HE RS YIRS % I} [A] Fermentation time/h
HiH . Supplemental
Items Esse.ntlal level/
oil (mg/L) 3 27 51 75 99 123
0 70.9+£3.9 92.1+3.7° 81.6+3.4" 78.1x7.3" 80. “79.1%5.7°
) 100 69.6+6.2 85.8+4.4" 77.8+2.1*° 73.6+2.3" 72. 5% 71.6£5.0°
A Cin b . . b o a
500 68.61.1 76.8%9.9° 75.0+5.1* 73.1x8.9" 68.7+6.2° 73.1+7.8
Nl 1 500 73.0£5.5 46.2+9.3° 23.7+4.5° 11.2+1.3" 9.5+2.6° 20.1+8.8"
JilsSilif
TVEA 0 74.7+15.1109.5 £11.4 100.5+17.2 77.2+7.3 87.4+7.4 103.8+9.5"
B 22 100 97.4 5.4 107.4+2.1 91.7+5.1 74.3%8.0 90.4=4.4 103.88.3"
Spe 500 93.1+8.0 107.1+6.9 97.8+3.3 79.9x10.3 90.1x1.4 90.2 +4.9"
1 500 98.1+11.0103.5+12.8 99.9+5.5 78.9+20.0 83.4+3.5 67.4+12.4%
0 50.2+2.1 53.7£3.0° 48.6%3.0° 46.2+5.8" 48.1+3.6" 47.2+4.6"
AT 100 49.0+3.9 51.1%2.0° 46.7+1.1* 44.9+0.7° 43.7+1.8" 42.8+3.2°
Cin 500 48.5+1.0 46.3+4.9° 43.5+3.7"° 42.7+7.3" 39.6+3.8" 42.1+4.8°
2% 1 500 51.1+£2.9 28.7+4.0° 15.7+2.9" 8.6=1.0" 8.0+2.0° 15.6+4.9"
Acetate 0 55.3+8.5 68.0+6.9 61.5+4.4 45.1%7.2 48.9%2.8 56.7%7.0
B 2% ZRh 100 70.5+2.9 67.3%0.8 55.6%3.6 40.0+6.8 48.3+5.8 55.3£3.8
Spe 500 67.8+4.5 67.3+2.8 60.2x1.1 51.0£5.9 48.1%5.6 50.6=4.6
1 500 71.3%4.4 67.5%14.2 60.2+4.2 48.3+5.6 48.4%2.8 41.4%3.5
0 15.2£0.7 23.0x1.7" 19.8+1.8" 17.0£0.5" 17.3+0.9" 17.2%0.6"
PR I 100 15.0£1.8 20.9+2.5° 19.0+1.9* 17.2+1.0° 16.2+1.1" 16.4 =2.2°
Cin 500 14.6 1.1 16.7+2.2° 17.8+1.3" 16.8+1.8" 14.6+1.5° 16.6=1.3"
Sl 1 500 15,6 £1.9  8.5+2.5° 3.4x0.4" 1.3+0.2" 0.8%0.3° 2.5+2.1°
Propionate 0 12.3£1.6 26.7+2.3° 24.0%3.4 17.1x1.9 18.1+2.6" 23.3+2.7°
B 22 SRl 100 16.8+1.6 26.0+1.2° 21.2+3.2 17.7%3.1 20.5%1.6" 23.4+4.8"
Spe 500 16.0+1.9 25.9+1.7*° 21.8+1.2 14.8%x2.1 17.7+1.2° 17.9+3.2°
1 500 16.7+1.9 20.7+4.3" 17.9%3.5 11.3x1.2 11.9%2.6° 9.6+2.9"
0 3.31£0.02 2.35+0.31" 2.47+0.37" 2.71 £0.27" 2.79 +0.25" 2.75 +0.24"
A I 100 3.28+0.17 2.46 £0.21" 2.47 £0.23" 2.62 +0.10" 2.70 £0.16" 2.62 £0.18"
Cin 500 3.33£0.28 2.77+0.13" 2.46 +0.33" 2.54 £0.24" 2.73 £0.36" 2.53 £0.24°
2.8/ R 1 500 3.29£0.21 3.51 £0.46" 4.59 £0.38" 6.74 £0.55" 9.94 +1.26" 11. 74 £2.95"
A/P 0 4.58 £0.34 2.55+0.04" 2.59 £0.41" 2.66 £0.23 2.75+0.31"° 2.44 +0.19"
B 2% ZRah 100 4.22+0.26 2.59 £0.11° 2.64 £0.23" 2.36£0.32 2.37 +0.25" 2.42 £0.24°
Spe 500 4.27+£0.26 2.60+0.08" 2.77 £0.19" 3.78£0.35 2.74 +0.26" 2.91 +0.38"
1 500 4.27+0.10 3.27 £0.04" 3.42 +0.34" 4.81 £0.38 4.20 £0.34* 4.29 +0.32°
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Table 5 Effects of essential oil supplemental level on VFA concentration within 12 h after feeding mmol/L
YIRS T H A #M#HG BHE] Time after feeding/h
WiH ) Supplemental
Items Esse.nnal level/
oil (me/L) 3 6 9 12
0 78.6 +5.9" 79.7 +£8.5° 85.3+9.4° 70. 3.3°
UL 100 72.6 3.6 74.2 +5.4° 75.1 +9.8° 70. .6
— Cin 500 73.1 +8.5" 60.5 +8.2° 75.1 +8. 3" 71. .8°
HEHB@ZZ 1 500 15.7+7.4° 10.6 +2.2° 12.0+3.2° 28. .6
TVEA 0 90.5 6.4 92.4+7.6 80.6+5.1 80. .6
B 22 ZReah 100 89.0+7.7 91.8+6.2 74.7 +8.3 78. .3
Spe 500 84.0 5.6 87.8+2.8 77.7+3.2 76. .3
1 500 73.1+8.0 85.5+3.5 66.4 +9.3 70.4 9.6
0 46.7 +4. 7" 47.7 +4.8° 50.2 +6.3" 42. 20
PR v 100 43.8 £2.4* 45.7 £3.4° 45.0 £4.9% 42.0 £4.6°
Cin 500 42.4 +5. 5 42.2 +5.0° 42.9 +5.4° 42.6 £3.7°
W 1 500 12.1+3.0° 8.4+1.8° 9.7+2.5¢ 20.6 +5.0°
Acetate 0 50.9 +4.3 53.1+6.3 43.8+6.3 45.8 +4.6
B 22 Rl 100 47.7+6.0 50.6 4.6 40.9 £5.2 41.0£3.3
Spe 500 50.9 +4.7 50.3 £5.0 41.6 4.5 42.8 2.7
1 500 44.9 5.6 49.7+2.5 38.4+5.0 39.7+5.2
0 17.1 +0.5° 16.2 +0.9° 16.9 +2.0° 13.7+3.1°
L 100 16.8 £1.6" 15.7 £1.2° 15.7 £1.3° 15.0 £1.6"
Cin 500 16.7 £1.4° 15.2+1.1° 16.0+2.7° 14.1 +0.9°
P 1 500 1.9+0.5" 1.1+0.3" 1.2+0.3" 4.8+1.0°
Propionate 0 20.2 £2.0° 18.8 +1.2% 17.0 £1.4° 16.5+1.4"
By > Fah 100 20.6 1.8 19.9 +1.4° 16.7 +2.6° 17.5+1.8°
Spe 500 16.0 £1.9° 16.5+1.1° 15.3 £0.7° 14.4£1.7°
1 500 10.5+1.6" 11.9 +1.9¢ 9.5+1.8" 9.3+1.5¢
0 2.73 £0.23° 2.94 +0.31° 2.96 £0.21° 4.01 £0.84°
LR 100 2.62£0.13" 2.92 £0.20" 2.85+0.17" 2.81 +0.27°
Cin 500 2.54 £0.22° 2.85+0.41° 2.71 £0.27° 3.03 £0.20"
R/ TR IR 1 500 9.24 +2.48" 8.14 £1.39° 8.87 1. 40" 7.44 +2.13°
A/P 0 2.55+0.38" 2.84 £0.37" 2.56 £0.24° 2.76 £0.19"
B 2% JR ol 100 2.39 +0.41° 2.58 +0.35" 2.57 +0.38° 2.39 +0.28"
Spe 500 3.43£0.29"  3.13£0.41° 2.72£0.31° 3.00 £0.23"
1 500 4.55+0. 36" 4.39 +0. 45" 4.40 0. 40" 4.40 +0. 37"

2.4 HEYREBRNKEX NH,-N % B # 5 lin
¢ 6 Al 1, 7 100 F1 500 mg/L Py A il Al
BA 24 A R R G NH,-N R B MR 7= 1 2%
S (P >0.05) . ¥ 1 500 mg/L P A EE 2%
e & BEVI T (27 h RLPY) X NH,-N R 52 0
BN, WA EE 27 h JFR, 1 500 mg/L PR HE TS

4] NH,-N ¥ ¥ & 2[4k (P <0.05),1 500 mg/L
BA L A IS 4L\ & B 51 h B I B AR
NH,-N ¥ (P <0.05) . Fifi % % I i [) 9 28
0,100 F1 500 mg/L 1y P Al F0 B =2 7 9l s i 21
NH,-N & 2 30 FFH A%, i 1 500 mg/L P
TR N2 NH,-N i B2 ) S 300 R a3
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Table 6 Effects of essential oil supplemental level on NH,-N concentration at different fermentation time mg/dL
SH TN E % W15} [f] Fermentation time/h
It;ms Supplemental
level/(mg/L) 3 27 51 75 99 123
0 39.06 £4.79 46.42 £10.47 57.43 £6.19" 66.33 +12.48" 60.53 £24.65" 66.30 +4.32"
R ER] 100 38.79+£1.09 47.78+8.01 58.86 +£3.16° 56.43 +8.13® 63.81 £12.71* 62.14 =14.33"
Cin 500 35.94 +3.29 39.42 +15.04 51.87 £5.77"° 46.88 +11.82°62.34 £14.84* 61.85=1.21°
1 500 37.60 £0.79 42.65%3.50 32.57+7.00° 27.37+2.57° 27.30+2.02" 33.52+1.18"
0 16.13 £2.04 37.11+£2.36 51.59+£7.50 60.77+£5.34 61.98+21.72  62.56 £2.55"
] 100 19.16 £1.29 34.58 £3.58 51.41+9.83 54.86+8.64 71.50+28.67  50.15=+6.51°
Spe 500 16.66 £5.84 34.22 £8.51 47.22+£8.28 49.26 £12.70 63.64 +21.01 50.04 2.67"
1 500 19.30 £5.13 31.62 +£8.61 39.82+12.90 49.77 £12.31 47.91 +0.83 24.55 £5.06°

2.5 EYIHE AKX R RS R0
HIZE 7 AT, 2% PURI A I AL A A B2 1 SRR
JE B R A BE R (P >0.05) , W55 2 KJF
fi, US I 500 FT 1 500 mg/L ARl 2 3 B 1A
HHE (P <0.05) , 1 @5 100 mg/L PAE i X %

=7

HE A R N K T X A [B) A B e () [ R

TP i HR 30 T B 52 (P >0..05) o BRATE K T
553 K 500 mg/L B =2 A il s 4l 5 % B4 0
#2557 (P >0.05) 8k, HA4 W8] %5 i 500
1 500 mg/L ) B4 == 7 il 1 o 35 AR T Dl 1l B0 i
(P<0.05),

b

Table 7 Effects of essential oil supplemental level on the number of protozoa at different fermentation time log/mL

B TMAKT & Bt [A] Fermentation time/d
It;ms Supplemental
level/(mg/L) 1 2 3 4 5 6
0 4.27+£0.40 3.57+0.02" 3.43£0.04° 3.34%0.03" 3.35%0.06" 3.20 0. 06
PRI 100 4.15£0.33 3.60+0.13" 3.30+0.06" 3.22+0.07" 3.33 +0.06" 3.23 0. 08"
Cin 500 4.08£0.32 3.26+0.07" 2.95+0.19° 2.91+0.14° 3.04+0.10° 2.99 0. 08"
1 500 3.93+0.43 3.06+0.11° 2.84£0.10° 2.94+0.13° 2.78+0.05° 2.85 +0.03°
0 4.53 £0.08" 3.70£0.12" 3.26+0.02"° 3.38+0.02° 3.37 =0.03" 3.29 +0.03"
B 22 100 4.55+0.02° 3.54+0.04° 3.36+0.04" 3.31£0.05" 3.40 0. 04" 3.15£0.04°
Spe 500 4.34+0.03° 3.49£0.06™ 3.33+0.09° 3.19+0.04" 3.16 £0.05" 3.04 +0.01°
1 500 4.24 £0.08" 3.37+0.07° 2.96+0.07" 3.03=0.06° 2.84+0.03° 2.85 £0. 06°
2.6 #EYFERMAMAKEX CH, RS E R
i3 8 W1, %S 100,500 F1 1 500 mg/L (A 3 4 i

FETh A IR AIG CH, (R FR 4340019 23. 13% .38.28%
M 50. 40% (P < 0. 05), ¥ i 100, 500 Fi
1 500 mg/LEA == 4 il 73 il B I CH, K FH 73 5 iy
17.63% 28.24% F135.14% (P <0.05) . HIMA
BT ER 22 A AR CH, (R R B0 A8 B 5 i
F M IE A S (R® 4351 0.91 F10.87)

3.1 HEMF®BARMAKTEX LB R pH F{EHRE 7+
A RS A

i H pH MBSl RE S BUR B LR KRR,
B2 AR A BIL IR B R R e 4 B i Y S
A B A K 4 pH R K 8 48 h PN Ik F1 P Ay
W&, Ui TR B R GUR AR R E . A,
ASIAS R T 500 mg/L ) 2 Bl 1 K i 24 A TR 2
FE SN T KWW pH. Castillejos 25 5 1o 14 4
B3R 0 201, ¥ 500 mg/L JLARAE $0K I 9 £



10 4] S BUERAE | TR 45 258 A I 28 G SEARL DG THOGHRE T 24 1 R0 P o A ISP 52 2311

NI YO T R W pH, X 5 A R AR

giio

&8 EWIEHR MK B AR S HE R0

Table 8 Effects of essential oil supplemental level on CH, volume fraction

WiH %7K E Supplemental level/ ( mg/L)

Items 0 100 500 1 500
AL Cin 15.89 £2.80° 12.22 £2.42° 9.81 +1.48° 7.88 +1.17¢
B 2= 7l Spe 15.64 +2. 67" 12.88 £2.41° 11.22 +1.78¢ 10.14 £1.12°¢

47 Bl SR AR AN R NE TR R 35 22 5 (P <0.05) ¢

In the same row, values with different small letter superscripts mean significant difference (P <0.05).

A SR TR S 2T 2 o fie T 0 0 T £ 4 R
i S 43 R P AR RE P B £ 4 R, VA AT 4E T BR IR
A (088 T BR AT L B (U T KR RN 7 B A R 22 MR
FRA R0 B i S e YR
XK pH AR H BUSE, pH RIS X £F 4 B i 7 A 1
TR AR v FUA R e ) B A A I
TE K T I 400 1. 35 B AR 1 & HE R i o, DRI UL, AT DA 3R
BT L1 2 2R o i 38 0 R T i pHL RIS Y . Cal-
samiglia 25" 438 , 75 b 70 A 7] 1R (0 1 B0 R, 47
HeRE AR AE pH O 5.7 B (LT pH R 6.4 B 1
LR YEREff R X 5 AR 45 R — 3
3.2 HEWFEHAMAKEIT VFA 1 NH;-N iR EH
2 m

KA R oK AL & ik A B s Al
B B T A 0 A0 B 9 T K AR RN e AR AR
A VEA A i 3R 3G A s se A Ol o
FE K oot 982 B N VEA ¥R BE K2 LG A6 4 52 i
YR RS g R ERT RS ZBIEY
FEHLEL B9 A T T A By X, 5 pH 2 A 1R & A
S,

Busquet 25" 5@ 3 1K 4h i 56 % B, & K F
(3 000 mg/L) [RJAEH 45 B4 T AT A 381 0% 45 i 7k
F-RE R I 2 B AIR TVEA Y B2, i IR K S (3 A
30 mg/L) &M X TVFA ¥k TC B Ewm, 5
ZARIE — 20, A RS TP A i 500 F11 500 mg/L Y
A Y i BRI T TVFA R R W B, 1
100 mg/LRJFE Vi A1 8 =% F5 3 B9 % X TVFA L
R R R Wk 14 G . % 5% i . Cardozo 451 fF 5% %
Y, %5 i 300 mg/L ) R R v S8 25 AR TR B TR
TVFA FI 3258 g W5 1R e B2, 1 %S 30 mg/ LAY PR AE
X TVFA R R FE TCRE ) o 3 2 45 2L 3 [m] 158
B TS IR AT XA S & BE VEA Wk R
SEM iR KBS FRAIR VEA W B, A 20 i 5357 &

#£ 100 ~300 mg/L Z il ,

PRRE T 2 PR AR il 1) R B 8, — 0 90% LA
b WFFEFEIA, PR R R S R B T A B
BRAE T, AR LS 5 o F a5 kst g
F0 L AR ,0,100 1500 mg/L A AE TR A
41 VEA ¥ J 1 A9 il 5 2 Tz sf [0 1) 428 K TG 25 74
1, NI U6 B TE AR R B R G, 76 1 A K BE A )
(6 d) WAREMERE LA AR e, 1M1 500 mg/L A #E
T JINZE B % B R) Y SE K VEA MR W3 R [,
A/P H I 2 T, X R A AR AT BB S BT IR N
IKF- PR il B PR A 1 o T R S Rl A ) R, 2
AT 9 8 R B B

FE P J5 A A 60 455 AR P K A K K S N B
BE— RN b B o R B CP NH,-N VR 2
e B A AR — A IS bR, AE )22 S i i
S 8 SR R NH,-N A ik A 90 B AR 2R 1 A
A= W43 i DR AR A 8 NHL-N e OF 4 0 0
AR e T A 3 A ) v 3 R R ke TR T G
TRV T 0 35 T 1) A i R B2, DT 5% T R ) 2 P4
TR o PRANES S0 T S I B 2 il X % I
i) NH,-N ¥ B 9 5% i R R — E0% . Castillejos
SRR, 7E B S 5 IR R G I IR A L RS
XTI B AN R A AR, AR R
A 2 FORS I B S KO- 41 NH,-N iR B i 35 B
%, Cardozo %' f (K St 06 25 L R W1, PO AL TS
(3 000 mg/L) AT LA i 9 il 3t 22 174 14 D i o A1 U
B NH,-N 3 J¥ ; Chaves %" 4238, {h /b5 358
B A i B 22 A (1 500 mg/L) BRI NH,-N i
JE R T R T A W R K RS 1, S AR
g R —2.

B 5 & T2 ISF R) 7 B 4, 3 2 oA 90 4 il 1) Sl
o e S ISR S AL AN XS B2 NH,-N i B 2 5 8 | 7t
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(A ka3 1 B 76 2 A 56 T 30 P R S R S
Rk At ) RO B 19 5 A= Ak NHL-N, 9 H A= 7 NH,-N
43 B K TR 1 A R NHL-N B U A ) 2
FIREBE . T 1 500 mg/L Py H: M AS 20 B 3 4 15
] A ZE 4G NH,-N i B2 0 52 3929 F [ k34, mf
A2 o 7 PR I A A i o T B A R SRR
) 240 RT3 1 DT S5 380 NH-N ) A okt B2 /s 97
HCAE A NH,-N & R P 8 R s
3.3 EYEHMANKENEZBRPEREEM
CH, &FR4> A5

9o ' D AU IR O W ) B A G Ay, B
TEIR B B 1 A2 A0 AT AR A i R A B AR AR
FEhR . Kongmun 25 438 , R 4015 35 8 56 b B3
B i R K R b ol D R B R BE AR T 68. 4% ~
75.9% , T PR 408 B MUE W . AR TR
Jir500 F11 500 mg/L A RS i i 25 AR T R B
o R R . R R Y AR T B R A
I35 B VLR I BT 5 35, Talebzadeh %5 4] 38 , H 4
KPR B R AT e A L 32 R0 v A 1 A, L

AT SO T 41 A I8F 2 O 31 ) 4 it Y | g
%ﬁﬂﬁ%%%m%#z%

CH, J& X 2 3 Wi 1k i 72 v i 7= 4, R AR
CH, HE s BE B 45 w55 S 2 2l W e o A 208, g
FEAR IR 2 00 o AE RS T AT A ] 7= CH, B 06
SCIE A [ AR R A R AT [R] 42 s D
CH, wi%ia ™ & B i fhsh = Rk Ie %
B, % 50 ~1 000 mg/L [ A ETMERAR T CH, {&
U4 BUHY 26.9% ~ 67. 8% , Macheboeuf 25! 3
RS KR BRI IR 500 meg/L f A A I AE
iR H CH, WG PE, AR T CH, P~/ 11 26% .
5 GE — B0, A A N aX 2 i R T
(45 435 i 35 B AR T CH, R B %k, OF H K
CH, MR SHINA R IEMH G, A8 E LB
R F v, 7 CH, T 25 76 I 0 3R i 5 7 OB BN
SIS R T A0 I P BE A I S
PEAR SN 7 A 1 & 53 38 ) ol R) U #5987 CH,
BT A CH, P . B e, AR 5 R 500
1000 mg/L{f3X 2 Pl s T 2H T HOE5 = 11 A1

A B2 S8 CH, R Hos /Dy E 2R, Pelli-
kaan 254 GE  fAAN g TR 06 TP R O PR e R
EREAR CH, A= B, BEHH A BRIk CH, 2 53
FE T WA DG PR B BT 7 AL 2 i R
21 T A 0B SR, TG S E AN B ATP 3 € AT i)

4%

@© KRR I L 500 mg/L [ A AE il I
B 22 il LA & 500 mg/L ) P i BE A 1R K 1
HG) NH,-N e B2 |t iU Fn CH, (R FR 23 %, B
[Fi) Ef i, AR 17 & TRV VIEA Y J3E ] ML 78 35 ) o
PR . HA SN 1 500 mg/L AR iH ™ EH AP 7
Ja8 B R MR K

2 KRR Z AN 100 mg/Lf) P AE I A B
22 A AR R CH, (AR B, TR I X VFA 1
A IRV RS 7 W) o ik 3 AT SR T R

SE Lk

[ 1] ADESOGAN A T. Using dietary additives to manipu-
late rumen fermentation and improve nutrient utiliza-
tion and animal performance [ C ]//Proceedings: 20th
florida ruminant nutrition symposium. Gainesville: [ s.
n. ],2009.13 - 37.

[2] VAN NEVEL C J,DEMEYER D L. Manipulation of
rumen fermentation| M |//HOBSON P N. The rumen
microbial ecosystem. London: Elsevier Applied Sci-
ence,1988.387 —444.

[ 3] MCGUFFEY R K,RICHARDSON L F, WILKINSON
J I D. Ionophores for dairy cattle ; current status and fu-
ture outlook [ J ]. Journal of Dairy Science, 2001, 84
(Suppl. ) :E194 — E203.

(4] FEuESMEHL IR, . AW A A P Xt
o E W R OSSR (Y] Sh W8 3R A
2010,22(6) ;1471 - 1476.

[ 5] CASTILLEJOS L,CALSAMIGLIA S,FERRET A, et
al. Effects of a specific blend of essential oil com-
pounds and the type of diet on rumen microbial fer-
mentation and nutrient flow from a continuous culture
system [ J ].
2005,119(1/2) .29 —41.

[ 6] AZIZABADI H J,MESGARAN M D, VAKILI S A,

et al. Effect of various medicinal plant essential oils

Animal Feed Science and Technology,

obtained from semi-arid climate on rumen fermenta-
tion characteristics of a high forage diet using in vitro
batch culture[ J]. African Journal of Microbiology Re-
search,2011,5(27) :4812 —4819.

[ 7] EVANS J D,MARTIN S A. Effects of thymol on ru-
minal microorganisms [ J ]. Current Microbiology,
2000,41(5) :336 —340.

[ 8] BORCHERS R. Proteolytic activity of rumen fluid



10 1

< BVER S R FTOUSIMAR 1725 42 1 2R LW TSR ik X0 TR 18 24 T R FR Joe A Bl ) 22 T

2313

[10]

[11]

[14]

[15]

[18]

in vitro[ J]. Journal of Animal Science,1965,24(4) .
1033 —1038.

BUSQUET M,CALSAMIGLIA S,FERRET A, et al.
Plant extracts affect in vitro rumen microbial fermenta-
tion[ J ]. Journal of Dairy Science, 2006, 89 (2) .
761 —771.

TRHEZE e, A, 45 1198 <o it O B A
RGBT S ML [T ] Rl TR 4R, 2012, 28
(3):20 -26.

MCDOUGALL E I. Studies on ruminant saliva. 1. The
composition and output of sheep’ s saliva[ J]. Bio-
chemical Journal, 1949 ,43(1) .99 —109.

DEHORITY B. Ciliate protozoa[ M |//MAKKAR H,
MCSWEENEY C,eds. Methods in gut microbial ecol-
ogy for ruminants. Netherlands: Springer, 2005 :67 —
78.

VAN SOEST P J, ROBERTSON J B, LEWIS B A.
Methods for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal nutri-
tion[ J]. Journal of Dairy Science, 1991, 74 (10) .
3583 —3597.

CASTILLEJOS L, CALSAMIGLIA S, FERRET A.
Effect of essential oil active compounds on rumen mi-
crobial fermentation and nutrient flow in in vitro sys-
tems [ J]. Journal of Dairy Science, 2006, 89 (7).
2649 —2658.

FALAT, BB T, WK, A GRDR R S T A R
XY H IR X R [T ], S8 IR A 4,
2012,24(11) ;2249 —2256.

CALSAMIGLIA S,FERRET A,DEVANT M. Effects
of pH and pH fluctuations on microbial fermentation
and nutrient flow from a dual-flow continuous culture
system[ J ]. Journal of Dairy Science,2002,85(3) :
574 -579.

SPANGHERO M, ZANFI C, FABBRO E, et al.
Effects of a blend of essential oils on some end prod-
ucts of in vitro rumen fermentation[ J]. Animal Feed
Science and Technology,2008,145(1) :364 —374.
CARDOZO P W, CALSAMIGLIA S, FERRET A, et
al. Screening for the effects of natural plant extracts at
different pH on in vitro rumen microbial fermentation
of a high-concentrate diet for beef cattle [ J ]. Journal
of Animal Science,2005,83(11) :2572 —2579.
SMITH-PALMER A,STEWART J,FYFE L. Antimi-
crobial properties of plant essential oils and essences
against five important food-borne pathogens[J]. Let-
ters in Applied Microbiology, 1998, 26 ( 2 ):

[20]

[21]

[22]

[24]

[25]

[28]

118 —122.

FEIE. RAshYrE TR i (M ] Jeat: 3R
A L, 2011

MCINTOSH F M, WILLIAMS P, LOSA R, et al.
Effects of essential oils on ruminal microorganisms
and their protein metabolism [ J]. Applied and Envi-
ronmental Microbiology,2003,69(8) ;5011 —5014.
NEZHAD M T, ALIPOUR D, GOUDARZI M T, et
al. Dose response to carvone rich essential oils of
spearmint ( Mentha spicata L. ) :in vitro ruminal fer-
mentation kinetics and digestibility[ J ]. Journal of Ag-
ricultural Science and Technology, 2011, 13 ( Sup-
pl. ) :1013 —1020.

CARDOZO P W, CALSAMIGLIA S, FERRET A, et
al. Effects of natural plant extracts on ruminal protein
degradation and fermentation profiles in continuous
culture [ J ]. Journal of Animal Science, 2004, 82
(11) :3230 —3236.

CHAVES A V,HEM L,YANG W Z et al. Effects of
essential oils on proteolytic,deaminative and methano-
genic activities of mixed ruminal bacteria[ J]. Canadi-
an Journal of Animal Science, 2008,88 (1) :117 —
122.

KONGMUN P, WANAPAT M, PAKDEE P, et al.
Manipulation of rumen fermentation and ecology of
swamp buffalo by coconut oil and garlic powder sup-
plementation[ J ]. Livestock Science,2011,135(1) :
84 -92.

TALEBZADEH R, ALIPOUR D,SAHARKHIZ M ],
et al. Effect of essential oils of Zataria multiflora on in
vitro rumen fermentation , protozoal population, growth
and enzyme activity of anaerobic fungus isolated from
Mehraban sheep[ J]. Animal Feed Science and Tech-
nology,2012,172(3/4) ;115 — 124.

GOEL G,PUNIYA A K,AGUILAR C N, et al. Inter-
action of gut microflora with tannins in feeds [ J].
Naturwissenschaften,2005,92(11) :497 —503.
OHENE-ADIJEI S, CHAVES A V,MCALLISTER T
A, et al. Evidence of increased diversity of methano-
genic archaea with plant extract supplementation[J].
Microbial Ecology,2008,56(2) :234 —242.

SR, R, NREE, SRR AT
FEDRS it RS 8 T AR A0 i 1 AR R e A= LR S [T ]
R E RO R 2441, ,2013,18(3) 99 —106.
MACHEBOEUF D, MORGAVI D P, PAPON Y, et
al. Dose-response effects of essential oils on in vitro

fermentation activity of the rumen microbial popula-



2314 B 25 %

tion[ J]. Animal Feed Science and Technology ,2008, methane production during in vitro gas production u-
145(1) :335 —350. sing fully automated equipment[ J]. Animal Feed Sci-
[31] [hiale, bRifE, B4G, % Rasilixd oM E & H b ence and Technology,2011,168(3) :196 —205.
R AEY X R Em )], ¥ E 3% %), [33] OUWEHAND A C,TIIHONEN K,KETTUNEN H, et
2010,22(2) :386 —392. al. In vitro effects of essential oils on potential patho-
[32] PELLIKAAN W F, HENDRIKS W H, UWIMANA gens and beneficial members of the normal microbiota
G, et al. A novel method to determine simultaneously [J]. Veterinarni Medicina,2010,55(2) :71 —78.

Effects of Plant Essential Oil on Rumen Fermentation and Methanogenesis
Studied Using a Dual Flow Continuous Culture System

JIN Enwang'® BU Dengpan'® WANG Jiagi' JIANG Yahui' BAO Wanhua'
SHI Haoting'> SHEN Weijun' LI Fadi’
(1. State Key Laboratory of Animal Nutrition, Institute of Animal Science, Chinese Academy of Agricultural Science,
Beijing 100193, China; 2. College of Animal Science and Technology, Gansu
Agricultural University, Lanzhou 730070, China)

Abstract; This experiment was conducted to study the effects of essential oil supplemental level on rumen fer-
mentation and methanogenesis using a dual flow continuous culture system. The four supplemental levels (0,
100, 500 and 1 500 mg/L) of cinnamon oil or spearmint oil were used as the treatment factors, there were 3
replicates per treatment and each experiment lasted for 6 days. The results showed as follows: compared with
the control group, 1) the supplementation of 1 500 mg/L cinnamon oil significantly decreased the pH, neutral
detergent fibre degradation rate, acid detergent fiber degradation rate and crude protein degradation rate ( P <
0.05). 2) There were no significant differences in the concentration of volatile fatty acid and acetate/propio-
nate ratios ( A/P) in 100 mg/L cinnamon oil or spearmint oil groups ( P >0.05). The concentrations of total
volatile fatty acid ( TVFA ), acetate and propionate were significantly decreased in 500 mg/L cinnamon oil
group at 27 and 99 h and 1 500 mg/L group at all the fermentation time ( P <0.05). With the prolonging of
fermentation time, the concentrations of TVFA, acetate and propionate were significantly decreased ( P <
0.05), and A/P was significantly increased in 1 500 mg/L cinnamon oil group ( P <0.05). 3) The supple-
mentation of 1 500 mg/L cinnamon oil or 500 mg/L spearmint oil significantly decreased the number of proto-
zoa (P <0.05). The methane volume fraction in all groups was decreased compared with the control group
(P <0.05). Itis concluded that the supplementation of 100 mg/L cinnamon oil or spearmint oil may be bene-
ficial to manipulate rumen microbial fermentation. [ Chinese Journal of Animal Nutrition, 2013, 25(10) .
2303-2314 ]
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