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T AR, PRI, X o TR LISFRATHZ X TEDL, KAKE DM
EHLE, ZOXBERMPIHEY AR I e D LREELTETH 5,

A R BRI IR D b A AREP R LBAIC L - TIBL b &R 5D &
Vb, A A Y PRTIREES R D 2 4 v — A OSMRICLETT L OER AT S RD, F0
FRer v — AGMORMEFERLH T HIERERTGL B2 s v 2SR EETA 2 &
PR E TV 39, e BoWBERKIEWE, B in vitro KT, BHLr— AV
MBED 2 8 — 2R BB 2 LR IR TN B4, Lichi- THRIRHCE ¥ h 5 W
HIRAACAE, v — 2 VIR XD e v — 2DNREIRMET 5 LB L b5, L Lt
b, trEF—AE IV a—Adr -2 YO T —BEHELS, —RECHER
KoLz e v~ ADPLROE T EIFL L vbh®d, WEERKIEYD L v — A
IR BIF TR RIS o T—F L RIS S Tu b,

REERTIL, 7' 3 — AR AL & T 5 fl 2« ORI X OV b R R
DEDOEHEH T — 2 VAN CTRE X a8 n, 1 — 2 VIO 2 m — 20
W RE BB TRRET L e,

MHE LUHE

1 B|EFE

A EBOBIFFIEY Fig. 11R Lice TIEHERACHD v v — 25 FUE 3 BT,
M REEY: (Conventional cultivation) I X - T~z T7bb, D-(+H)-7na—x,
D-(+)-tr Es =2, D-(+)-<n b —2hBWEFY 7 (UEH) %0, 0.2, 0.4,
0. 6% (W/ V) &ris s AR 0 Kl (ETERAD : FHUSHL=140 : 60) 10mi%, 0.05g D
-2 (UEBEE L 7K C—7 vy 7W-—300) LICB0mI B 7 5 » MEREY YR AR
B 0. 5ml & CO: W FCHAMEL No.3 79 L = Al CER Lo, 39°C € 24I5RR
R L v m = ASMRERA E Lo TR RIREEGIRE, BT O D & D IRIR 70mm,

198347 9 27 A A4
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Conventional cultivation

-
i medium (basal medium 40%
+ dilution solution 602

I
1
]
' cellulose 0.5% (w/v)
1
!

cellulose analysis

Two-stage cultivation system

Primary cultivation

[ I Il m e T e I s T L s 1
H inoculum | + [basal medium ];
{___. Jncubation _ ______
centrifugation at 20,000xg
for 10 min

precipitate supernatant

rprimary culture fluid J -+ | dilution
solution
60%

L1
/cellulose (0.5%w/v)

cellulose analysis

Fig. 1. Procedure for cultivation,

PERRELTSIEIE /& L,

BAL— 2 v B & FEERKIED DRE D 2L v — ASMREC BIF T8N, 2B
PEksagy: (Two-stage cultivation) 1T & » TN, Thbb, D-(+H)-Frz—=x, D-
(F)tm g —a, D-(+)=nt b —ABBNIELET v 7 1.5% (W/V) &k
B 60ml % 100ml =7 J 2 2w A, B 3 ml % CO M Fome 7 v €V S
TR LB, 39°CT0, 6, 12, 245 D\ ITASHHRERSIE Uic, WIC & OEERIE A 20, 000
X g TI0ME L EBAREE L, 20X 5 LCHe kBLY 40, FREEY 60%,
b m— A% 0.5 %ETr 2 Y (CF medium) %R0 L 517 5 v FEEY VIR AR,
B 39° C C 24 EHE L v L v — A DL RR 2 JE L7,

ATER D 2 BB 38TE DR C 1 WRETR P ISR IS (VF A) 0L ina 3
foDT, ZOWMIMCHEETHVE AL — 2 VIO 2 v — 20 R 35 Rkt
DTN U IR R ZFeo0 £ 5 e, TTEERKIED % SR TEMc VE A% %M
LT e —ASRRE2ME L, VFA ORINE L 3mmoles/100ml & L, %+ O HK
(=) %, BHR77.4, TeCr vER21.7, BAER2.8, A VHEREML2L L1, ¥ VEF
A¥Z, 2.5N NaOH T pHS6. 8 i SRR 8 L 7.

TR AKBIC I\ Tl v — ASMREEOWE T, WFhd LK 2HTH, T o
TRV AN EEE. (R TEEED 2 M CO: iG] T T - 72,
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Table 1. Composition of mediaa)

Compnent Distion  Rumen fud  Bal - CF
Percentage in mediumb)

Mineral solution (v/v)® 15.0 9.0 15.0 9.0
Rumen fluid (v/v)d 0.0 40.0 0.0 0.0
Culture fluid (v/v)e 0.0 0.0 0.0 40.0
Trypticase (BBL) 0.0 0.0 1.0 0.0
Na,CO, 0.4 0.4 0.4 0.4
CO,; gas phase 100.0 100.0 100.0 100.0

a) The final pH of media was approximately 6.8, b) Weight/volume unless otherwise

indicated. ¢) Mineral solution : Ky HPO,, 0.3g; KH,; PO,, 0.3; (NH,).S0,, 1.2g; NaCl,

1.2g; MgSO,.-7H.0, 0.12g; CaCl,, 0.12;distilled water, 100ml. d) Rumen fluid : super-

natant from whole rumen fluid by centrifugation at 20,000x g for 10 min, e) Culture

fluid : supernatant from primary culture by centrifugation at 20,000x g for 10 min,

* When cellulose digestion was determined, 0.05g of cellulose (KC flock W-300, Sanyo-
Kokusaku Pulp Co., Ltd.) was placed in a bottle containing 10ml of medium,

2

ARERCHHE U ichiid Table 1 wR U7, MHHE
S To e LR L (Basal medium) 40% & Z AR (Dilution solution) 60% 0B Y,
2 Bep bR 1 YO vk b A L 2 skEEHL (CF medium) 130 0 1 kB381E (40
%) EFBBW 60%) MHME LI, ¥ — 2 vt (Rumen fluid medium) 1,
L e — AN RR O EE A BT 5 e V- fo, AEBRCE L i3 T 0B,
Toyo filter pad (No.8 SB) #{li f§ UIBUZHMREE L %,
3 EEHORAR

WHAH I 1L.okgD~1 F o — FHIBE L THEE LI 7 4 2 7 AR5 (ORI
HARY —3 v HD) X0 9 ffifon — 2 YL, 1,000X g T 5 4t U ¥ 200ml %
B, ZOLEER & 5H120,000x g TIOAHERIL L, B ohcitify e wLEo 2 f%
Bo# e (Dilution solution, Table 1) #inx & < & LA LIAcBET 20,000% g-C
1057 HEDE Uco 3SR I B2 ML T 100ml & L, CO: MBS E L
Foo BERIBERE, w — A MREERIET DB S F 1 2 BIRESRED 1 R OB L,
B 10mZ 249 0.5ml OElE E Lic,
4 ELO—-RASBREHEORH

KEBROFMHERT, FRBWCE 2 OHETA— 2 VEEBEMARAEL — 2 v %
B L7ce, e — A0ORLECEEEA — 2 VIE40%, BEREE 0. 5ml/10ml %
WOLEGETHR ORI, Lich-> TRERD L v — A5 EEEOWER, BEHEETILER
6025 FEMERTA0 S DEEHIT, 2 BRI CII A HIAIRG60% 1 WREEIRIK L8402 DR TAT
W, BORAIEEE, RRRCE CEERE BT — 2 ViR (v — 2 vIROZER) T
BohAEEOESE T b b X ENE (Relative activity) TEHE L1,
5 SiEE

3% (Conventional cultivation) &
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Nuig

L = ARELD OFPCEE U CRIERE A AL, 7 v A v YIRIBEDI L D C620nm
THEEER U, R, B X D505 A\ WL 1005 R 0.5ml 27 v A v VI
m&kibiibtom%m/wn—z TCIABL LOR Ui, BERIR O 7 L a — A LR
TEHRY, FRFRhA & w &2 —8 « GODYE FPEZETE, Glucose C-Test Wako), Som-
ogyi-Nelson 9 12 X b llaE Uic, FRERMEEHHB(VEA) BABRERYkLrar e
<+ 757 4 =GR LT,

i F

1 BEL— A HEORLA—ANRICRIETARERKCDOHE
saa—ABbWL I - AR T e g —&, =AF—RA, FVIUE

0, 0.2, 0.4, 0.6% (w/v) i TO L v — AL R W_FOFEREY Fig. 2 1R L
F2o 0.2 BIRMEHI TR T ORKIWTEMRE T, 7 0.4 ZHEMNFT vt -2, =4t
— A, Fv FSVREMET, v —20EET 2 v P e - AR ERE L R ek, Shies
L, 04% 70 2—2MEELIC06% 7 ra—A, ottt —A, <1 bF—2AHEMED
e m = AL FEEMEGICAR T Lz, 0.6 ZIRMIED & OFEEOIETRELL, 2v b r—
NDIEHED 26 THDORF L, Zra— AWML L 2, e i — AUMKIIL 5. 8,
= b= AEMGTL 9.2 OFEERRTICTE b o, — TV 7 E 0.6 BiRMLICE
G OIEEIT24T, 2 v b r— L IRIESE L IEEA TR LI,

2 BEL—ALIMEETAMRKIEYEDEEEN L O —ZSBECRIESS

- 5] Glucose R VFA added

501

301

Relative activity

201

0 0.2 0.4 0.6
Soluble carbohydrates added (% w/v)
Fig. 2, Effect of different levels of soluble carbohydrates on

cellulose digestion and additive effect of VFA on cellulose
digestion, Data represent averages of duplicate bottles.,



TR - BRI o KR v — A VBRSO e m — AN RIS T B R R L o 9 159

= OFERRY 2 BRI L - UT -

701
oo & OB L REEIRWE 2 KK DY
wl | E LTS MZT=DT, 1 EREHIL 7

o na—A, R EAd—A, A F=2H
\” LTV I RLS%(w/vOna, 1

o T pHeR O IO LIS B 2 WK
o AT B AR %wﬁ“”

\
40 g0 8
>ﬁ:>;\;:22iffgo 1 DOEEFEEIE 0.6 Zie—F 3, 1

-]
a GRG0, 6, 12, 243 X O8I

Relative activity by secondary cultivation-

o 1 M, enm - AR IET S 2wk
SRR 24 & L v m — 20 iR A
ar 1 WL, R 1 %R O RN,
° Wi 7 m — 2, BTEHES LOVE A%
o i WE L,
° e — ARG A Fig. 3 iRk Lic,
0(3 :3 1]2 214 418 /;1,:1—;’ g — A A, = h—A

BLOT v 7 EmEO-TFh b, 61
A MERTWAN

Fig. 3. Comparative effects of various soluble ]@i THRHRC X o T v v — A i

carbohydrates on cellulose digestion in PRI L, Ehll b 1 ki

two-stage cultivation system. Data re- B2 e L€ LISk & 7 bk ey
present averages of duplicate bottles, . _

©: glucose, (O: cellobiose, [{:maltose, ORI DTz, b = AT HEED

[J: starch. EEEE, Fv 7Y, ke dd -2k

B v b — AT T 1 k58 6 R

W, 23— ARENKTIAREICR®D bh, Eh i otk 57,3, 42.1, 42.1 8 L0

%4?%otobt%of v w = ARG, TRTO LRI s W F v

YERINEK Tl b 5 <, LD TR RACAIRINE CligE ] CiGtk 2R Lice Lo L7eai s,

Incubation time {(hr) of primary cultivation

Table 2. Time course changes in total sugar, glucose and reducing sugar
in primary cultures grown on various soluble carbohydrates.

Sugar in primary | Carbohydrate in primary Incubation time (hr. )
cultre medium 0 6 12 24 48
Total sugar Glucos.e 1.46 0.61 0.26 0.26 0.27
g as glucose / ) Cellobiose 1.54 1.12 0. 37 0.35 0.35
100m!i Maltose 1. 46 0.70 0.27 0.27 0.28
Starch 1.38 0.76 0.17 0.15 0.15
Cellobiose 2.1 11.5 0.4 1.7 3.8
Glucose
(mg/100 ml) Maltose 4.3 44,0 1.3 0.4 2.6
Reducing sugar Starch 8.6 34.2 0.4 0.9 0
(mg as glucose)
/100m! Starch 14.0 217.3 43.9 47.0 46.9
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1kBEEE O IS DI & L KEERIT X » T A TR 2NSIE E R E 7 B L2 o TE 1k &
OB L o TE BRI B v — 250G OB L, 742 —R36.5, tr 4 —A24.5,
T b= A22.0, Fv AV OTERD, 1RIEROBERT Y SV TRLPNE o1,

1 kESFRR O 2R, W2 2 — Ak L OETSHES Table 2 iR L7z, 2RERNED
FERT, 1 REEHIC IR U 7o R B R L2 H] & CRAIC AN IET LT DRILE
F LI FOKENHFEINA S EARLI, ZAaa—A, L b—2BIOF v 7V iRnX
TEE, 553% 6 IEHCIRINE OIS B E LDk L, imtk~AhMBL%W W
FETIRINE D 1/4 Th o tc. ¥ 1012 48U M O BEag MR 783 5 Bl e Rk i
e et — AR TELE L, &bfmm%Lmywn—x%mm&vwb~zmmu,

BEDID T DTV 7PV IRMETH - 7

1 RBEEE R OiEdE 7 e 2 — 20X, BEE 6 I T XNCORMK T — 7 27" L, T O
= b—A, FvFYRENETE L v r ©F — A RME TR fohs ot el 7 1
2 - A TEERI2IFHIC I L, Rl OB X o CLF OB L, T VYR
DR CHEIE U eIl bl 7 0 o — A L RS 6 I c v — 7 27”1, BEEB 12 Tk

Table 3. Production of individual VEAs in primary cultures
grown on various soluble carbohydrates

Production of VFAs Carbohydrate in Incubation time (hr.)
mmoles/100ml culture primary medium 0 6 12 24 48
Glucose Trace 5.36 7.64 6.16 4,22
Total VFA Cellobiose Trace 3.85 4.16 4.32 4.79
Maltose Trace 3.58 4. 43 3.22 3.11
Starch Trace 3.16 7.58 6. 32 4.53
IGIucose —* 3.86 5.51 4.56 3.14
Acetic acid Cellobiose - 2.95 3.19 3.15 3.59
1Maltose - 2.71 3.44 2.51 2.41
Starch - 2.33 5.37 4.48 3.26
Glucose - 1.30 1.85 1.38 0.93
Propionic acid Cellobiose - 0.75 0.82 0.99 1.02
Maltose - 0.71 0.79 0.58 0.57
Starch - 0.70 1.88 1.58 1.11
Glucose - 0.14 0.19 0.16 0.10
Butyric acid Cellobiose - 0.10 0.11 0.13 0.12
Maltose - 0.12 0.14 0.09 0.09
Starch - 0.09 0.24 0.19 0.11
IGlucose - 0.06 0.09 0.06 0.05
Isovaleric acid Cellobiose - 0.05 0.04 0.05 0.06
Maltose - 0.04 0.06 0. 04 0.04
Starch - 0.04 0.09 0.07 0.05

* The value is below the limitation of determination
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SWATIET LT 0 BB ORI 3 {50 v~ b DR E A b Lich - T,
A=A, R EF—A, wAF—ABICT Y T VIRNKD 1 KEHRERCERT 5
VF Afk Table 31k Lic, &RAKMADIRINK OV F AR, FEE, 7o i v, HiH
IO VEGERY, TRCEBEOER 2 —vER L, LOHLIRBIEMROER & —
X, UK X > C2 BT A 2 & TEL, Tabb T 120,
R ORI & & L2 R ¥ TR SO N U OB EAC 480 H ¥ TR
B Aa—ATEMRET I VERMETH Y, b5 1ok 6 Kk AT A8 ED
B L2 T T ORIINA U2 AL DRI 5 5 T A /R T € v O — AR, <
b ATRIMECH o Too TIEE ORGSR BEEOF R DR 25 THh - 1o hd, 48R OEL R
TIE & A EEN I o T, Teds, 4 VERERIZ 3T O RIKGEHEINRK T & OBl s\
THBE LAY, FREERRBRU ORISR S i -l
3 1 RERERCERLEVFAORLO-ZASRBRICRETHER o
BEOWENSLVFARRBEAGL— 2 VLB v — A0MEIRET S %2 bh,
ARERBS T LREREPCVEAOE LOIINE B LT, FoMinEciEy ¥
%V F A% 5RO W pOoR e L 3Tl v v v — AR EIETVE
ADKEETT, BERHREY Fig. 2Rk L, WMLV EF AR, WEERK (SO
TINEC b 5, TRTORME Tl v — ADNREED D - L&RL, 1KRERK
P ER LAV EF ARRA L — 2 VTR X 5 2l v — 25 s LIRED R 2 - Tuv b
ZEDBMERR S i,

£ 2

— T R R AL D D BIRINEER S A — A VIO € r — AR A S, S8
DOEINIICF DNREILT IS E b T 545D, v v — A5 RGO U 5E 5% H
ADFETRIN O P A BB O LITE O RBR NI A L OTh o T, AERIL
THR, FAaa-—-ARERIEESRORMTRL ELvr e —2pBEeIEHL, Fv 7v
A ML TN, = b — A, ke = AR OE oS
HHoTED, FAa—ARWREN LT HHETCH > Th i v — A5 58RI
ERHDHZEEPLNT LI,

B, DPEIL e w — ANMEC L > THFBETH Hicwd, MOMEDO L e — 2K
BT UCHE, BRI S, FORBIC v — ADSEIER A F IS D EMEA
BHho HE, A— 2 VHOXE e - ANRETH D Ruminococcus albus, Ruminoc-
occus flave faciens, Bacteroides succinogenes iFHESFEC BLE, DPEAYFIFE+5 2 &
PSR TWB2BID ¥ Smith BOL Ruminococcus albus D 5 — BiEk%w v r
A —Ab Zaa—-ARHETHELETBW LTS, —HIhbDer e — A5@BHEOIEF
AR, WPy AV RHAT LD N TERVRBID, LR oT, e —
AGIRER & > CHRRAETH Y 15 —EEEEHELES 7ra—2A, =4 =R, &
B~ ADSRBOFLEIL LN v — ANBEPF D0 L, Fv 7 MR B0 D
R EEECh There — 20l cE b sicb DL Bbhd, LhLFV S
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VORI OWTE, FV 7B A 20~30% I RN LTI 5 B L iskiE o w1k
BOMMET T2 00010, KRBEHTTLILRTV 7Y OREMERHeE, wie—
AL FERILE T AR B B,

Y EORBEFKACH OTIMD A v — A 0% GET 588, Bir— 2 vl
X BRI BERKIE OBV EE L OB LEL bR D, PEOTELERKMpIC X D 2L
v — AN FREE OWRIE OWREME & IR, TR DR D 1 v — A FRIRERIR
PEEELTHTFOND, BECA 1 V10, 7y v b&y®, VEFADEFWKE Y v, Fa
Vv, vAvVEDT I /BB e - ANRBIESEE DD Evbh, ¥FRbEOTF Y
FYEMET Y F A RMEYEE S RO Lo B LT s o B, 7 3 2 A
MEOB7 3 7 ER X D IBEIEIIR & 7e b, ShEk i v — ANMRPFIRTS Z &195
FEA IR T B,

TR RAACY D T REERIC X % 2L m — AR OB I, S IEER /512
B O 1 REE T Lh ORI, 72 a—2 1365, £rEd—A 1245, = b
=2 1220, TV 7V 1 9.TTh ol —77 1 REEEREF BT DRI O MEREREDL D,
v — A IRERIE O 2 REEHNC AT T 2 IRIEE, 2 RSO IRIE C 1 kES3 0 REfE o
¥50.6%, 1L2EOHETFH0. 1 ZUEEHET S ENTED, 202 REMICEKITS
B R AR D 0.6 %55 0.2 ~OWFANT, Bk (FIEMER KLY OSBRI
Hn—2 VIO A v — AR EET 5P LREMTINET 2] L ORI D, e
— ANIREREOM A bbb D EFEL BB, £ T Fig. 26 2o RnEx B3
HE, ZAa—A:31.6, ErEF—RA:136.6, v b+—A:20.3, FvVvIFV 5 TLiD,
LTREBIC L D2 e — A5 GO R OKMH 2 TN OBE ORI X » THIA LE
Bo LIchoT, LREBRITI B4 v — A0 EEO LR ORIESE, 0L A-FIEME R
AAEA A L RS X - T Liciedic, IBED i v — AR 535 J41HMBhhs 7o
{TgolefEREEFE L BN S,

VFARRE L -4 YHIEC LS e~ ASMBARET S C LS Sh Tk h1hw2D,
ARERO L REBREFCLVEFADELWEINERD 0T, TOWMNECHYLTHVEFA
HEEREEAORMCTEERAK D TN LI &5, i w — 2RERT 0. 2~
0.6 BOWIMAKBOTNTOECVFAOEMT L VML, VFAOHEDMEI R I,
L7z 2T 0.2 BOERMBICED bR VEADORRE, REFO IRERSCISern
— ANREED FREE L O BRSNS D, L LEFOLEL, Fig. 22:50.2%0
FhEFhnoEornEc srra—2 111.0, ter b4 —2 180, =4 F—R 6.5, Fv7
v 15,5 &7eh, BRBROEWMEOEAC X% i v — 20 MRIERED AR LD EGD
DTHoTee LichoT, 1HRERIC LD A e — 20 RGO LRI OB OS2
FETHVFALIFESELTWEL0LEbhb,

= #

Irna—RE P ra—AYBREMLTA e Ed—A, <L b—2ARBIONFV 7V HE
BN = A YHIEOL L r = AR RITTHEY AL L LI, ChbOEEhoNTH
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AL — 2 Vil & 0 —48HIETR L & 0 1 IR ST 2 KT L v — 25 fR M %
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DA 7w = ANRIEEI R T Lic, LHL06%DF Y 7 RNMEOER T2y b v —
N EEIFE LSRR L,

6 Il 1 REHERIT X » Tk — A fEMEE S OB W Ui b AL,
TP 1 RESRIFM A ER U C L IE e R E e2LiiBo S ¥ @A R L, 1K
B3R 0 IefH] & 12 0GR O T b b LIREFRIC XL 5 v v — AHMBIEH ORI, 71
2—A 136.5, LrEA—A 1245 =Ab—RA:220, FvIvi97&ih, 1yiE
DI 7N 2 — AEMTHRLRELF Y 7Y HENTRLDPEICZEF AL o7z, 1
REERW R O SRRy, 1 ISR 20N £ CEBTCID U OB 480H & TF ok EEH
HEFE & htc, LichioC, i v — 240G A G Uc 2 BSOS OJRENY, 1 kEsE
Ol 0.6 BAI2ABMNTIL 0.2 BT & o fce 1 WESRIC X 5 2 RSB DO BEIREE DL
DS, EAm = AR O OMER & e D, 1RBERI L5 e v — 25 IERO FR
TeotebDEELBRD, Fiol KEBEFIIVEADERNL LR, - ORCHYT2
VFAZer v — A5 MOREDREZE > TV 5 2 EXERI i,

DIEDOREEMNS, Zla—X, rd—2, =i b—x, FVv7rEOMBUL, BiL
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Effects of Carbohydrates on Cellulolytic Activity of
Rumen Microorganisms in vitro

By Yutaka Karasawa, Yasuhiko TosHIiMA and Kyuei KiBE

Laboratory of Animal Nutrition and Feed Science,
Fac. Agric,, Shinshu Univ.

Summary

Cellulose digestion by rumen microorganisms in vifro was dependent on the
amount and type of carbohydrate. The cellulose digestion was increased by the
addition to medium of 0.2% glucose, 0.2 and 0.4% cellobiose, 0.2 and 0. 4% maltose
and 0.2 and 0.4% starch in final concentration but was decreased by the addition of
0.4 and 0.6% glucose, 0.6% cellobiose and 0.6% maltose, although starch addition
of 0.6% caused neither increase nor decrease in cellulolytic activity.

Preincubation of glucose, cellobiose, maltose or starch with rumen microorgan-
isms for 6 hours considerably enhanced cellulolytic activity of rumen microorganisms
in medium containing culture of the preincubation as a component, but no further ap-
preciable increase in the activity was produced by longer period of the preincubation in
all carbohydrate additions. The increase in cellulolytic activity on each carbohydrate
addition with preincubation period of 12 hours was as follows : glucose : 36.5, cello-
biose : 24.5, maltose : 22.0, starch: 9.7. The determination of total sugar in pre-
incubation cultures grown on these carbohydrates showed remarkable decreases in
added carbohydrates in the cultures to fully explain the increases in cellulolytic
activity caused by the preincubation of carbohydrates and rumen microorganisms.

The addition of VFAs, corresponding to the amount and type of VFA produced
in preincubation cultures, to carbohydrate-containing medium for determination of
cellulolytic activity produced higher cellulolytic activity than carbohydrate alone did
at all levels of carbohydrate addition. The stimulatory eflect of VFA on cellulose
digestion appears to be partly involved in augmentation in cellulolytic activity by
the preincubation of carbohydrate with rumen microorganisms,



