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Table 1 Chemical composition and i vitro dry matter digestibility
of ensiled forage before additives.
Moisture WSC OCW Oa Ob IVDMD
(%) (%DM) (%)
Timothy 79.5 8.4 59.9 8.1 51.8 79.1
Alfalfa 79.7 8.0 45.1 9.2 35.9 59.9

WSC: Water-soluble carbohydrate
OCW: Organic Cell Wall

Oa: Organic a fraction

Ob: Organic b fraction

IVDMD: in vitro dry matter digestibility

Table 2 Cell wall constituents and i vitro dry matter digestibility of the silage,
compared by analysis of variance.

Cellulase Addition OCW Oa Ob 0a/OCW  Ob/OCW IVDMD
(%) (%DM) (%)
Timothy
0 70.14 13.9%4  56.242 19.94 80.1°8 78.38
0.006 62.08 11.4*»  50.6%° 18.44 81.68 80.14
0.012 58.3¢ 1114 47.1B¢ 19.14 80.98 79.248
0.024 57.8P 6.88¢ 51.048P 11.8% 88.24 73.1¢
Alfalfa
0 5(.342 9.12 41.28 18.12 81.9° 57.8%2
0.005 47.048> 8.3% 38.7° 17.6* 82.4° 54.28b¢
0.01 47.048> 8.5% 38.5° 18.02 82.0° 54.848>
0.02 46.0"° 6.0° 40.1#° 12.9° 87.1% 52.28¢
Material (M) * * ok * ok * %
Cellulase (C) * % * % * % * % ® % * %
MxC * % * * % * %

OCW, Oa, Ob and IVDMD: See Table 1.

ABC Means within the same row and material with different superscripts differ (P <0.01).
abc Means within the same row and material with different superscripts differ (P <0.05).

** P<0.01, * P<0.05.

& R

I, Y1 L —> iR S & & U IVDMD

FEL—=ETINT7 77 784 L —2 DM
4B LV IVDMD # Z# %41 Table 2 127~ L 72,

OCW, Oa, Ob =8 L W' IVDMD iz BWT, ¥
MOMBIIAZETH Y, CEL ORMZIETHEBIC
HELWBEEZR L2 (P<0.01), 72, HiE: kL
7 —XoinE s D HERIE OCW, Oa, Ob & &
BLOIVDMD (P<0.01) iI2BWTHETH -2,

WiED#EIT OCW, Oa, Ob &&$E L O IVDMD
WK LFEL =TT 7ILT7 7 LY Ed o297,
0a/OCW 5 & 1 Ob/OCW i SfE M Ic Kk & 7 72
DIED 5 72,

FE—H AL —2 D OCW & =iz CEL N
DIEINMAEAMET L 72, Oa F&iE 0.024% K H5 s>

KL, FRMXDOF5LTTh - 72 (P<0.01),
Ob&®IZCELFEMIZ X WIET L (P<0.01),
0.012% X TR b EWEZ R L 72, F72, 0.024% X
TIIMBIX L ) 0a/OCW A< (P <0.01), Ob/
OCW b » 72 (P<0.05), 777077
AVv—=o Ty, FEV—HA L= LEBOMIIC
HYN, OCW &&i3 CEL D% & - TIRTF L 724¢
(P<0.05), @Wnmic X 22358 5k - 72,
Ob&®130.005%& 0.01%X THEERMKX L ) 1K
772 (P<0.05), 72, 0.02% X I3MX & ) Oa &
#E L 0a/OCW Ak <, Ob/OCW i Eih: -
72 (P<0.05),

FEL—H 41— DIVDMD I3, 0.006%X T
AR & D &< (P<0.01), 0.024% X TIET L
72(P<0.01), 7TV7 77 7% 4L —y T3, CEL
Wz £ ) IVDMD (& T 2z dH Y, 0.02%



LIV T =R E YA L — 2 DR RS

297

Table 3 Relationships among the cell wall constituents and
in vitro dry matter digestibility of the timothy silage.

OCW Oa Ob 0a/OCW  Ob/OCW IVDMD
OCW
Oa 0.7830*
Ob 0.8727** 0.3796
Oa/OCW 0.5483 0.9494** 0.0704
Ob/OCW  —0.5483 —0.9494** —0.0704 —1.0000**
IVDMD 0.3382 0.7826 —0.1113 0.8899** —0.8899**
OCW, Oa, Ob and IVDMD: See Table 1.
** P<0.01, * P<0.05
Table 4 Relationships among the cell wall constituents and
in vitro dry matter digestibility of the alfalfa silage.
OCW Oa Ob 0a/OCW  Ob/OCW IVDMD
OCW
Oa 0.7276*
Ob 0.6654 —0.0280
0Oa/OCW 0.5845 0.9816** —0.2166
Ob/OCW  —0.5840 —0.9815** 0.2171 —1.0000**
IVDMD 0.9319** 0.7752* 0.5150 0.6595 —0.6591

OCW, Oa, Ob and IVDMD: See Table 1.
** P <0.01, * P<0.05

KT HIENETH - 72 (P<0.01),

2. YA L—CniBkaEER S H & U IVDMD &

18RS

FEL—BIOTNLT7s N7 2L L —2ic Bl
3 Ml EER 55 L N IVDMD & oM % 2 1L
FNFK3 L 4ITIRL 72,

T AL —=2DIVDMD 1%, € —T0aB L
0a/0OCW & D2z iE, Ob/OCW & Dlficiz & D
M H Y (P<0.01), T)L7 7177 Tl OCW
BIUO0a tnMICEDMHEA»RD L Ll (P<
0.05),

% =

. ¥A1L—>nfllaBER S & & U IVDMD

A v—y MRS &' B L T IVDMD i
RiffE, CELnINES L O L CEL ININEDACH.
ERIIC & 28 %217 CE ), 0a/OCW b kv
Ob/OCW ltd CEL isaic & » T L7z,
—Meiz, V7= BT A BOEGED L W
V3 EREENE R AR DM ALERIZAL 7 BT &
Zo100n - F fe 0 B SV (AR L T — 2 B
B LT, MTUEEDOREE B 5 WIZI B 5, T
T NT I BT B OEE LA AR LD By
ZEERBDOTNE SHIS, TV T77D0bD

-
—

WAL A ARHMCE L DR Z I HES LTy
5, KR TlE, FE = AL =23 T L7 7L
77 AL — L) OCW, Ob B LU Oa &Ed e
<, IVDMD & & 72, 2D &3, SHER T DT
{LMED IVDMD I8 2 Z X 2 BT 5L DT
%0750
KHELWIZTNL770L7 57D NDF #+)L7—+
THIY % &, NDF E&ED 16. 7% DWHH- WEHES
52 ERBOTND, T, XIEHIRLY IS, AT
T L 72 CEL i 4 v —> o WSC & & 13 4%
BMOL DL VEL b2 L2 HMEL TW5, ARHF
7eTly, YWY AL — Xy CEL OEmc &
D OCW, Ob B LU Oa & =IFMET T 2MEIAICH -
2o THET AL —Y D 0ab LrOb i3Eaiic
CELic k> ThHinNizffalL 72D e FEZ 65N 5, F
72, FE—0.024% X B LT L7 77 70.02%
X Oa &mB L 0a/OCW IEIZEIRINX B L
MoK & 1) 3 BEEFIC <, Ob/OCW LbEix
Fl oz, 2R, v LT =P ORERINIE Oa D
R EARAET B Y, Ob 12K 2 0 FAE I3 AR HY
IZHWZ L 2R L TWw 5,
52377707 74 L— O HE
IN#E L O IVDMD 2349 % CEL @iz o
WTHETL, Wiy CEL oz & » TIET§
52rEBOTVDE, KIFETIETFAL—2D



298 JE

IVDMD (%, +%E:—0.006%IX L r0.012%IX T
T by aMEHo72h, TILT P77 A4
L—YIE CELlmc K D ARICIET L, %51 H
Mo kR E—%L77z, FEL—0.024%X 5 &
UTILT7 707 70.02% XD & 51z, CEL O kaifk
iz, IVDMD DK T2 72532 EaoRE e, 2
s nFERIZ, FE—I2xd 5 CEL o &Easn
FIEAMX LD SR EYRIEFEEZRL, T 77
V7 72T 2 CEL @8I TR & ik L K
WA ER & R L 72 LB HIR 59 DIz L - T
—HRRHTE S,

CEL <7 FF+—¥iEHI3E {9, = AR h
DT F gl RIS Z e b, TLT7 7
N7 PH AL —2 D7 F>HCEL I & 54 HlE
HE2 TR L, SRR MHERS O R h
El o2 ETH AL —2 D IVDMD 2K F L
7ZUREE L HEZ b,

KRR SY OHFITHBENT, TLT7FPLT77H
FUFEL—HA L=V ORBENEICHT 5 CEL
RIMKHED B SR HIIR I N2 Y, RIFEDRER TIZ
CEL &mMeEss 8y 2 & Oa sl FL Twa
Z&» 5, CEL 2@ d 5 & Oa 2594 L,
IVDMD DOYGERIRIIHHFFTE LV EHZ 5N b,

2. YA L—CniBkaEER S H & U IVDMD &
18RS

AV — DMBBEER > O MEALMEIC L B R &
IVDMD & OBz DWW CidmEfE i3z —i% L,
RO LN TN B LD E[ERETH - 72,

ZHEEOY AL —CDIVDMD I, Oag®ED
MICHB L IEOMBEL H - 7255, Ob itk DD
FABIRE IR » 72, B D in vivo B LA &
Oa &R EDMICIIAELEDHEAL» D 5 Z & »RE
ICHEE SN TE DY, KIFRE T REEDORR 2157,

P, Tw7707 7% 41— Tld CEL D3
mE->TIVDMD i FL72, ¥ —H AL —2
T34 CEL o#fEmiz & > CIVDMD (3T L 72
Y, MEEBmTEREmEL 2, NS5 DREL S,
IVDMD 2 %19 % CEL O #mzhFi3 Hflids & O0Hl
FaRER S D43l & - TR DW= 5 JOG
R, HREH B I E MRS & 2L
T — X DWANE & BRI DWW TE S B OKE 7
HThbEEZLILD,

= g

1 H/EDOF T — BE) 777077 (B
) 2 WV, Acermonium HED LT —X % F

T —Iz, 0, 0.006, 0.012, BL10.024%, 7w
7707720, 0.005 0.01 BLUr0.02%a0mL,
HA L — 2 OMIEEER S B L U in vitro SIS LER
(IVDMD) icB L3 T s mal L7z, £Lv7—+
WA v—o oMl mE WP 34, &
<12 0.02% LA EOTINTIE Oa Dk 2#F L <k
L7, 14— IVDMD i3, €2 —Tlt
€N T —+0.006% CHFICI L 72, 0.024% 0
TRABICKT L2, TV7 7L 77 TldkLT—
LI & D AAEIACT L 72, WiEH & 3 IVDMD
L OQa&m EICIEDME’ s 7z,

51 A X &k

1) FEpse, BHER, BRE— 1972, 17—+
12 & B HER o S b ER A B BT A F
7e, 1L SR OBIALEL S FER RO IC B LT § %
Z HEHSM 43 146-154,

BIERsE, SR 1974 T —RIC K MR
L BT > Al & 2 e . H REEE 20 ¢
16-21.

BTRsE, 1988, KA % s & L 72 ikt
TR & & DFRAGERMTE R~ DI, FRE
ARG TR AR 2 T 34-46.

BTk, 1996, FLA-RfRLT— 5 5. p. 18-21.
T—) 4 - PNy, Al

KIEIURK I, Zeg—I, Milkys., $P3€ ", 1998,
Acremonium Cellulyticus Y-94 HHK o il i B2
HRBEFR DOTMD A v — 2 DFEBEGNE, W
EER S L ORI B LT, HE
P43 0 406-412.

FeE—I, 1993, 90 AR B HAMT. p. 117-126.
RYRKEL 7 AT g rer Z— 15,
Henderson, N. 1992. Feed Additives and Sup-
plements. p. 41-46. SAC. Edinburgh.

IEHE, PR, 1972, AHATER o MRS IR B
BICBT A8, 4. FRGEMEROKI o & FERL
ST RAGR,  w aliFHR 25 & 69-74.
McDonald, P., A. R. Henderson and S. J. E.
Heron. 1991. The Biochemistry of Silage (2nd
Ed). p.194-196.
Bucks.

Mowat, D. N., M. L. Kwein and J. E. Winch.
1969. Lignification of i vitro cell wall diges-
tibility of plant parts. Ca. J. Plant. Sci. 49:
499-504.

Muck, R. E. 1993. Silage production. p. 106-
116. NRAES. New York.

2)

3)

4)

5)

7)

8)

9)

Chalcombe Pulication.

10)

11)



R T — RN E A L — P ORI 299

12) BRI, #AFE, BEE—RR, 1995, LT — TP, FHEVHE. 1996 . Acremonium Cellulyticus
CIRIMP KRG EGBDORLDLT NI V7 7 23K Y- 94 HRD LN T —REIZ L > TT LT 7
YA L — U DOREBEWE & HALEIC B X3 VT 7 IR A HEHES P, HRER 42
B, dbEaW 3T 24-27, 159-162.

13) S 2B ethmE, 1995, = 7 R I)uHiEn. 16) WAL, KEGE B 1995, A1 —
p. 78. HABHY — b 2R ESHt. B DHEALH, p.216-278, T—) 4 P ¥, K

14) Ridla, M. and S. Uchida. 1998. Effects of .
combined treatments of lactic acid bacteria 17) Van Soest, P. J. and L. H. Jones. 1968. Effect
and cell wall degrading enzymes on fermenta- of silica in forages upon digestibility. J. Dairy
tion and composition of Italian rye grass Sci. 51: 1644-1648.

(Lolium multiflorum Lam.) silage. AJAS. 11: 18) Van Soest, P. J. 1982. Nutritional ecology of
277-284. the ruminant. Ist Ed. pp.95-117. Cornell
15) WA, TEMZERE, rEEEE, KBEsE, W University Press. New York.
Summary

This study was made on timothy and alfalfa silages supplemented with Acremonium cellulase to deter-
mine the effect of the cellulase on cell wall constituents and on i vitro digestibility of the silage dry matter.
Silage using first-cutting timothy (Phleum Pratense L., heading) was prepared with supplementation of
Acremonium cellulase at the rates of 0, 0.006, 0.012, and 0.02495; and alfalfa silage (Medicago sativa L.,
blooming) with Acremonium cellulase at 0, 0.005, 0.01, and 0.0295. The cell wall constituents broke down
in both the timothy and alfalfa silages. In timothy, the greatest disruption in the highly digestible organic
cell wall (Oa) was elicited by 0.024% cellulase supplementation, and in alfalfa by 0.02%5. In timothy silage,
in vitro dry matter digestibility was enhanced significantly by 0.006 supplementation of cellulase but was
lowered significantly by addition at 0.02495. In alfalfa silage, in vitro dry matter digestibility was reduced
significantly by the cellulase at all three rates tested. A positive relationship was found between the Oa and
in vitro dry matter digestibility in both timothy and alfalfa silage treated with Acremonium cellulase, i.e.,
as cell wall constituents decreased, iz vitro dry matter digestibility increased.



