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AR R R R A S I O B B g R L
AEFARESR UL R BB, H TR E A 0 e ) )
PN RE B35 ) ER A AR R Y e, R B i ( xyla-
nase , XYL ) i J7 fig ik 5 40 000 U/g A I+, ) £F
4t £ 1iff ( cellulase, CEL) % 7t fE35 ] 1 000 U/g
fefi o A TE R A I Y A 4 R O
Z:7% [ AP B R, X AR S (R ) K R
R 2, i, AR B 7R o X9 P E
ETHEWG ) (5 ol A SRR il F1 4 T 21 4 X iy ) 0 2
Fofr 5 [ > w] B AL A e 00 (1 Fher 2 R AN 1 FhoR
RWEEG ) AT BTG LRI, OF I B ORAE AR
Yy, VRAN HOSHA S A 15 1 52 e, LD Ay Tl o) 70 7
SR/ NI IVAREE ST

1 #HRE5FEE
1.1 HFEMHFUARESRRE BENE

11 Fhf 4 Bl i) 570 645 5 F 27 4 3% il ( CEL-1 |
CEL-2 ,CEL-3 ,CEL4  CEL-5) 1 6 fff & % ¥ fif
(XYL-1, XYL-2, XYL-3, XYL4, XYL-5, XYL-
6) . {di Fil Super-Bradford & [ i & i 7 & ( Cat.
No. CW —0013 ) il 7 il ] 77 (9 28 1 B vk &2, FH 22
Ty RE AL AR A TN & 4 (54X ) ( SpectraMax M —
5, Molecular Devices ) , 7E 595 nm Ab A6 Il 0 S B,
ZatlbruE 2, TSR AR SR B BRI, 7E pH
6.6 FIELBE 39 C 1 22 BT A I i 550 i) A 2R M ity
AU RO I RSN SR S T
1.2 R RAEIMAE & 1T

R FHH I3 B B A1 77 <12 (reading pressure
technique ,RPT) “**' | B 356 B 115 IS W) O 75 1
FA,EEAKE A 15 H IR o7 B I, A7 I
[F7E 4 A~ A 247,65 CHET I 0%, B G &2
0.45 mmiti L€, T4 i (dry matter, DM) &
[ % ( crude protein, CP) | A 4 P& 1% £ 4E ( neutral
detergent fiber, NDF ) & P 1% % £F 4k (acid deter-
gent fiber, ADF) & & 73 %] & 96. 0% . 8. 13% .
59.2% F141.2% , FREL 0.5 g(DM) [ 7 IF F K
T 120 mL {77 SO, K B R RS L 7E 4 C
T 20 000 x g B5.0> 10 min, B b 3 0 A E S Y
o EFYER I ES MKy 30 U/g K4 (DM)
ARIRBERG AU INIKF- 29 40 U/g JEP) (DM) o il Al

JEWAE SR B Fe 2 % 3 h' g, A 40 mL )R
AN TR 22 o, 39 C 114 B K =X 1 IR B 5 4 ik
B 21 h, b F e NEA

SR, 3 LB E AR B IRG S
4 J22b A ik 8 7B A SO AE RN 10 mL (19
W, BT (39.0£0.5) CHMEEAM TSR
1.3 RN ERR

PR ERE SR 3.6.9.12 .24 48 h B E T
R AR O™ SO I SR R I, o R 7 % 46 ™
i ISR ] AR (e h) Rt A (P,
mL) ,#% F I E KIS P=a+b(1 -e™7)
[ PO EESE e h B R A & (mL) ,a y HiR
JI G P BRI A 38 43 1 = A< it (mL) L b o H A5
53 18 % Al 3 43 1 72 R (mL) 5 ¢ o b BB AT Y
R fig %8 (mL/h) ] o

F e 7 f: s FERE 7 6 .12 .24 h i, IR T mL <,
PRFE i, A 838 4L ( GC - 2010, Shimadzu ) 43
BT AR A B ot 7 3

YE R MENE R (volatile fatty acid, VFA) F=4 .
LR F G, M EWE® 1 mL, B4 0.2 mL {1y
8.2% ISR, 7£ 4 CF 20 000 x g #5.0> 10 min,
A5 AL (GC - 2010, Shimadzu ) 43 #r £ B2 . TN
2 TR LA R VEA f= i,

DM NDF | ADF [ fif % . i 32 I W 4 Wk & o i
300 HJe 48, WKk 26,65 THET 48 h,
%2 5% 345 (1) DM NDF | ADF & & 1% H bk
1.4 RBEBIESHITHTELLE

I EHE R SAS 9. 2 B4k B, R AT LA
R v ik AT ge it oA, &7 ¥ Z 18] Dun-
can [QIEHITZHE LI, P <0.05 hEF T E,

2 # X
2.1 EEHRREMEENE

7E pH 6. 6 FEEE 39 C T #1586 B I 9 A
SROBIRE | PN V) 4 SROBT e 15 AR S0 U0 4 SRR T 4
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Table 1 Activities of xylanase, endoglucanase and exoglucanase in 11 kinds of exogenous fibrolytic enzymes used in this study
SR A 71 & IR i) Activity/ (U/g) ™

Exogenous fibrolytic Protein concentration/ A B il PN 1 7 R Y] % B A
enzymes'’ (mg/g)? Xylanase Endoglucanase Exoglucanase
CEL-1 61.2 21 166 332 16
CEL-2 14.2 594 200 4
CEL-3 18.1 1041 867 17
CEL-4 77.5 4126 520 14
CEL-5 69.9 3 656 1 090 16
XYL-1 55.3 24 349 1 056 6
XYL-2 .2 29 862 1

XYL-3 .3 28 961 0

XYLA4 .3 1291 76 3
XYL-5 17.1 47 765 165 12
XYL-6 69.5 48 665 1020 29

U350 W TR B AL R 3, XYL = K SR, CEL = £ 4 £ iff. The enzymes used in this study were commercial

enzymes. XYL =xylanase, and CEL = cellulase.

NP REE RAS 1 g B A A A 1 i 22 w8k, Protein concentration was expressed as mg of protein per g of the en-

zyme products.

VG J1 B TE 39 T pH 6.6 fFBL T, 7E 1 min PYAEF=A: 1 wmol i JFUE (1 1 75 B (Y i it (g 2% mL) . Enzyme

activities were expressed as wmol of sugar released per min per g or mL of the enzyme products at 39 C and pH 6. 6.

2.2 FEREMFERSH

EXTREA AL, P 4E R BEZH Y 48 h PR A
FEARE# (5% 2) , Hrp CEL-1 ,CEL-2 ,CEL-5 4 ik
B TREKF(P<0.05); fE & (a+b)
R (P <0.05),H s CEL-1 ,CEL-2 4] F[%
PR e K, W e = A0 3l F T 25. 3% I
21.3% ;fH &, "R (c) R FmMR(P <
0.05) , % CEL-1 B 0] $2 & ;= 3R K 82.5%
PR XYL-3 WA= R F T XA (P <
0.05) Fh, AR FMH AL H A ) X 250 5 X2 T
WEZEF(P>0.05),

Bk XYL-4 X%t ADF [% i 240 R A 2% (P >
0.05) &b, o th iy il 7 2% 2 58 T H I E K
DM NDF ADF %t % (P <0.05) , H:¥ CEL-2
¢l 1) DM NDF FI ADF [ fif 2% 43 513K 2] 65. 4% |
60.4% F1 61. 0% , 43 5 L 5t BB #2235 T 17. 6% .
21.5% 19.8% .

2.3 VFAMHRR=E

5% BEZ AR e, XYL-1 (XYL-4 F1 CEL-5 %%
T R T VFA PR (P <0.05,% 3) (B
iy ) 700 X6 . VFA 7= 4 00 & 3 R (P >
0.05) . ¥shn XYL-3 Fil XYL-4 # W EREAL T 2

BEIRIEM TR NER (P <0.05) , & $E i T INTR
BEIRLE (P <0.05)  {HAL XYLA4 B E4R T TR
EIREE (P <0.05) , A J il 50 X 25 b flig 19 12 LE 491
RIS AN 25 (P >0.05) o KA, A 57 %5
5 ol i 117 R ) EE AT e A R

H1 e 4 m] AT, A R0 X F e 5 A R I S B
TRORHAEAL  FEH SR 6 h i, i XYL-5  XYL-6
WE R T H B R (P <0.05) s i CEL-1
CEL-2 W 234 1 B ke 7= 4 (P <0.05) o B3
IR R A, 1) 12 h i, {7 CEL-1 {25
Wi 1 H e A (P <0..05) , 1 21 24 h i ] 57 %8
ot A2 A 2 TR R AR AR 25 (P >0..05) ¢

30

T IAT 0 AR BR T RS ] o, A
SR TR T A i R A — S {2 T
g TSV FE A AR ) 29 0 R 9 J 0 A
Pt B K 2 S5, PR A2 ) 4B A 2T 2 36 i O
AR Bl 1 2 7E pH 4. 8,50 CF A, T
£ H HBEE pH 6.6 139 T, T L AT
9 A I L2 1) R0 R ARG o A T £ 0 12
AT, 2T 4 3% B30 0 AC SR 08 7 AR K 1172
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Table 2 Effects of 11 kinds of exogenous fibrolytic enzymes on gas production parameters and the degradation rates of

DM, NDF and ADF in the in vitro test of corn silage as a substrate (n=3)

725,24 Gas production parameters [%f# 2 Degradation rate/ %
WK
B 48 h F=RE o PR s ST
215 Supplemental WU kR ERTEDER
Groups level/ 48 h gas Potential gas Rate of gas T 24 paR
(U/g) production/ . production/ DM (’ o
g (mL/g) production/mL (mL/h) NDF ADF
mL/g m
%t B8 Control 0 185° 225° 4.0° 55. 6" 49.7¢ 50.9°
XYL-1 40 182° 215® 4.3° 61.2% 59. 1% 59.2%
XYL-2 40 179 222° 3.7° 59.6° 56.2°¢ 54.6%
XYL-3 40 178® 207" 4.5% 60.5™ 56. 4 55.8"
XYL4 40 178* 215® 4.0° 58. 8¢ 57.0" 51.4%
XYL-5 40 181° 225° 3.8° 63.8% 63.0" 60.7°
XYL-6 40 185* 213* 4.6%" 62.3" 61.0™ 57.3%c
CEL-1 30 168° 168° 7.3° 61.8" 60.8™ 57.5%F
CEL-2 30 166° 177¢ 5.8 65. 4° 60. 4™ 61.0°
CEL-3 30 182* 192¢ 6.2° 63.2% 60. 7% 58. 3%
CEL-4 30 178* 195¢ 5.3 63.5% 61.0™ 58. 7%
CEL-5 30 172" 182% 6.1% 62. 4™ 59. 6" 57. 4%
Pl P-value 0.000 2 <0.000 1 <0.000 1 <0.0001  <0.000 1 <0.000 1
SEM 2.7 3.8 0.27 1.09 1.30 1.29

[ 5B R AR AN RGP R R R 22 5 B3 (P <0.05) o R,

Values in the same column with different small letter superscripts differ differently (P <0.05). The same as below.

R3OHM 11 FSMEINRT EERHFIX B E AR AR ESMEFFILK 48 h 2 VFA KB4 VFA ERIE
Table 3 Effects of 11 kinds of exogenous fibrolytic enzymes on total and individual VFA yields at

48 h in the in vitro test of corn silage as a substrate (n=3)

- HANAK T 4 VFA & /R k. Molar proportion/ ( mmol/100 mol) B
Groups Supplemental Total VFA/ 2. A T AP
level/(U/g) (mmol/L) Acetate Propionate Butyrate

%} B8 Control 0 21.2% 69. 3" 22.4° 8.3" 3.10®
XYL-1 40 47.1° 66.2%° 25.4" 8.4" 2.61"
XYL-2 40 24. 7 68. 3" 23.4° 8.4" 2.92%°
XYL-3 40 29. 7% 62.6" 27.9* 9.5% 2.34%
XYL-4 40 37.6° 59.7¢ 30.2° 10.1° 2.04¢
XYL-5 40 16.2¢ 69. 7" 21.9¢ 8.4" 3.20%
XYL-6 40 17.7¢ 67.4% 25.0" 7.6° 2.79%
CEL-1 30 20.1¢ 70.5° 21.2¢ 8.4" 3.51°
CEL-2 30 19.9°¢ 68. 4* 22.3¢ 9.3% 3.14%
CEL-3 30 21.2¢ 69. 4° 21.4° 9.3% 3.27"
CEL-4 30 24,2 69.9* 21.1°¢ 9.1® 3.33"®
CEL-5 30 49.9* 67.1" 24. 2" 8.7 2.79%°
P {f P-value <0.000 1 0.000 4 0.000 4 0.001 1 0.000 8
SEM 2.70 1.40 1.25 0.32 0.20




218 o Y B F

% 25 %

R4 RN FIMRT LB ELERARWEIMNEFINEE 6.12.24 h AR RIT BN

Table 4 Effects of 11 kinds of exogenous fibrolytic enzymes on cumulative methane production at

6, 12 and 24 h in the in vitro test of corn silage as a substrate (n=3) mL/g
i Nk - 1% 2Bt [A] Incubation time/h
Groups Supplemental level/(U/g) 6 12 24,
%} H& Control 0 10.0% 27.0™ 59.6%
XYL-1 40 13.1° 33.3% 61.8"
XYL-2 40 11.2% 27.1% 53.8"
XYL-3 40 10. 8% 25.6% 52.6"
XYL4 40 10.5% 26. 7" 51.3¢
XYL-5 40 5.8¢ 24.1¢ 60. 7"
XYL-6 40 6.3% 26.1¢ 52.6"
CEL-1 30 19.5* 37.1° 65.8%
CEL-2 30 18.2* 33.6% 59. 8%
CEL-3 30 13.1° 32.1% 63.9°
CEL4 30 11.8% 24.6° 56. 6"
CEL-5 30 9.1 25.7¢ 55.0"
P {fi P-value <0.000 1 0.003 3 0.1199
SEM 0.90 2.14 3.75

A g e B, A0 U5 Bt R RS K FAE 0.5 ~
1.5 mg/g it ¥ (DM ) ) B fi, U s R &
Q0TI R AT T I A5 A A SRR O T
B,1.5 mg/g [ KT il 7% K20 7E 40 U/g, 2F
2t 2R Tt DU A0 47t ) 591 2 ) R HE AR DA R = i
AR 6 T R G Y B 30 U/g BYZKSESR AN

ZHT B AR AN 5 IE B £ 4 R 50 R DL R
BT 55 2L % 75 P K 9 7 < 5 L S DM, NDF
W fig L0105 E A R B A R R A
YEH, i AR A AR K Giraldo 26 1) i #4
i L X T O T R AR, A5 R R R R
W P S MG (T ] . Beauchemin 4%
MiTe i e g5 R B = — B E R IR A, §8 1 2R
PR UT B R, Tl 5 7S 9 i DG B 2 — A 5 22 B R
&, A A R 2% & 3§ 1% K /. Colombatto
22U AE 2003 AF I T 23 R A8 A R E
F1T FPEGIE TR bR, LA S XS 75 R OR R AE T
AR L 30 JBE M3 77 i, o IS SR 7 A5k LRI 6 35 48
9 R0 43 B S 7, T %) 2 1 5 R B B A RS 60 % A2
A I8 IS AR Ak, {H 2 il TE N ORE R RE 1/3 1 R Ak
DM [ f# %, Eun 2" 1 2 FhOR [ B9 T-BGIEW] T
SR E S T RS I B oKX 2 R B R A =R
S0 3 B AU A OB RN N D) A 5RO
R I E K h 2 2 2 1 & m g /b, BT AR Rbk
JF I F R R B DA MERE 7, 7E A 5

AR SR Bl — TN 7 AR R R ORI Y
Wi, 5 — 75 M A1 $& % T DM NDF L) & ADF % fi#
B ATREAY JE PR R R SR G B R 1R 2 DM AR
TLRBHE | AHL 2 T W 75 30 A W 1A P R R
MG TF /Bl X — A fr it — 2 IR B0
AT 3 1 A P e 9 SR S T AN R AT
Kz i RY" % Tirado-Estrada 2 75
2011 4F 45 DL B OK 5y ZE A 4R KR ) 40 H 56
[ (20 £1.6) kg ] By fa]RL b 5 o0 i dil 570, 457 25 1) i
55 d J5,2 Pl W E R T8 VEA i Horp g
fRMDERS THRASL, BERIKT TR
A, T H S SRR R B T R Tl 55 44
1o A VEA 17 5 1) Ji IR A] RETE T 0722 1988 8
PR WU FIX R, Chung 251 1T 9 Sk 22 568 1
P R T A ARG 3 x 3 BL T Or il g Bt
TN IR 7K P15 7K P 10 e 700, 7E 56 15 RANEE 19
KFRERENEY G, PR 57 M 16S-rRNA 431
SR, TR KT 1 T ) R0 A B v g UE R R A R ER
wHE BT BRI 2 R R B A BTG
B2 T8 B0 M TR 1 50 3 B o Tl T R0 S KT 1 1
IS LV 3 1, AR K - 10 Tl A 3L e A i kR R
BT RRAR . PR B AR 2T 20 T P9 B
ARG, )2 H Y S B 383 R
FAEFT S 2 3l ) S SRR TR Y B H R R
YERIZRAR N IR . Utk , N R b9 b A AT RE 2 A
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R SR B TR B A, %
e E R R B LT e R R R, BT
Ve S — 25 5 il o 790 0T Dt e A 5 )

ARG A, FEREFE 6 F1 12 ho s R0 % e
PR USR] B A8 SR, 78 24 I g g A R )
SN T 52 ) 1 50 A9 52 (32 4) . Beauchemin
2 110 =200 0 380 A il ) 90 — 7 TR 4 484 Y 6 1 448
XFrEag, o — 07 A AT RE 4 PR EE T 5 DM i3
AR T v AR W T AR R Y e & {H J& Chung
2 YRR e £ W], AR A H R DM 9 0.5
5% 1.0 mL/kg #INEG 17, Joie /& T e i@kl DM
Fi FR ol 0 2 5 T i A 103 1 s
A % b T Zhou 4577 I 92 % PCR # A
SR A9 O R R DR B A g i )
AT AR o T DX AR TR B R e . AR IR
Hi, XYL-5 XYL-6 765555 6 h I FAR T F b 2 Al
H R Bl A A I T TB) S, HH o 2B 0% 3 T v 1) i
IR FEANTR VG AE , AT BE 2 i i) 70 30 1 28 98 B Y
BRICAE P K5 R L A9 ok B2 R R P AR 8 R
[ Bt 38 m H e 7 o T R A AR A T
3 2 S A 0T A 3l ik R B

4 £ it

@ o502 W], V8 &0 I e ) 50 T 42 v 7
" K () DM NDF | ADF [ fiff 32, H b i3 fin 21
TR Y I e PRk by T 2
IR 7R A, (EUR R R B I X S B
AR

@ TEREFR T, U8 0 AS (] 0 1t o 700 6F HR g 2
JI ) R M A 28 S 1, B 5 i 0 T 2. 35 5 i o

Brisi :

ARG LR WL R 2 Wl B 2 WF 5 B 58 i, SRl i 41K
S REE WS 8 A PR A X 3 B SRR M Y Y
EGRIL o 1 T A Tl o 0 by 4 R A R AR 7 Al 4R
P eI — I [ AR T 20
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Exogenous Fibrolytic Enzymes: Effects on in Vitro Fermentation and
Methane Production of Corn Silage

CHEN Xing MAO Huiling WANG Jiakun WU Chenhui LIU Jianxin*
(College of Animal Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract; The aim of this study was to investigate the effects of exogenous fibrolytic enzymes on in vitro (ru-
men) fermentation of corn silage. Corn silage as a substrate was added without ( control) or with 5 different
cellulases (CEL-1, CEL-2, CEL-3, CEL-4 and CEL-5) at 30 units endoglucanase per g of substrate or 6 dif-
ferent xylanses ( XYL-1, XYL-2, XYL-3, XYL4, XYL-5 and XYL-6) at 40 units xylanase per g of sub-
strate using reading pressure technique in a single factor experiment. The results showed as follows: the addi-
tion of cellulases resulted in the decreased potential gas production (P <0.05) but the increased rate of gas
production (P <0.05) with the highest improvement of the rate of gas production being 82. 5% observed in
CEL-1 compared with the control group. The addition of xylanase did not affect the gas production parameters
(P >0.05) except that the addition of XYL-3 significantly decreased potential gas production (P <0.05).
Degradation rates of dry matter, neutral detergent fibre and acid detergent fibre were enhanced by the addition
of exogenous fibrolytic enzymes ( P <0.05) except that the addition of XYL-4 did not significantly affect the
degradation rate of acid detergent fibre ( P >0.05). Total volatile fatty acid concentration was increased by the
addition of XYL-1, XYL-4 and CEL-5 (P <0.05) , the molar proportion of acetate and the ratio of acetate to
propionate were significantly decreased (P <0.05), and the molar proportion of propionate was significantly
increased ( P <0.05), but only the addition of XYL-4 significantly increased the molar proportion of butyrate
(P <0.05). The enzymes showed various effects on methane production after 6 and 12 h of incubation, but
no effects after 24 h of incubation. It is indicated that addition of exogenous fibrolytic enzymes can increase the
degradation rates of dry matter, neutral detergent fiber and acid detergent fiber of corn silage, and change
methane production at the earlier stage of incubation. [ Chinese Journal of Animal Nutrition, 2013, 25(1) .
214-221]
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