VA L—Y X045 RS IEIEE O
Rz I TIRE o 22

AREAE - FEEE & - EEREA
EMARSE RS AR D

% i

U ST ARRMESEREE & Lk CLo tyrobutyricum, Cl. butyricum, CL.
paraputri ficum, Cl. sporogenes, Cl. scatologenes, Cl. bifermentans, Cl. acetobutyricum,
Cl. perfringens ¥ L8 Cl. sphenoides D& INTEOID, Zhbd Clostridia i3,
ALYy, #0873 B, AMsERELLCHE, Tve=T, ALK
LA IvEDT I VEREALY A V- Y OREDOHLEEET S 2 L8 mbh T
55,

Clostridia DFEE XIRIE DL T —iC £ DB MR EL 30~40°C H 5\ 11 35~40°C
LENTWAED, 22°C-C Bryant & BerkeyP 11 Clostridia ofg/ciE %, 15°C T
A AD 13y A4 v — o Clostridium MWEELRVWZ L2 HE L, +4 v - CRELAR TO
Clostridia o B OHIENE, REHREEDO 2 v I r— AR I - THAHETHDH T EHR LT 5,

AFEBRTE, 4 v—0HHEKEET% Clostridia DG L RE & DEFEZH 521
THRd, A v—IhbAHEL T Clostridia %44 v — o =& A BEMICERE U R 7c 58558
LTI 36U % B 0 A 284 2 AR IR LAY L 7

M& LU HE

1 #EEOSEE

REH BRSO A v A v TR L7 3L AT LY M v —2%, EEMI DHI0
gL, EHICPEE Y v 7 8 90ml % iz T 80°C CLO4MhiH Licts, oty
WEHY v P AR TI~10 TR L, 20 0.2ml % & AHSE T ZEF AR LN S
R CMES® /i, 30°C T 1BEPHRERY L, FEllcar = -2 HRNLE—D
W7 CHEE S VIEL, REANCS0EA B 2,

2 EHEORRE

Bk o X 5ol U730k i, R MEECHEL /o Cl tyrobutyricum (B¥FE
No.31) &MEA L7 CL butyricum LF.O. 8583 (Ekk No.32) %% CIHERE% e -
7o

19834 4 14 H %At
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FIZERBR DRI T~ T AMSHE T I CESRIR I 30°C & L, & Ao Biiud LRy
Mok LT P YR % i Ui, THIESROMERINE & LCHIaRED, Waped, 75 a
Y10, ISR & U CHEARIED, =2 7 U VIR SOTERED, ¥ 5 7 v baEY,
B 2 v o3 2 HALREY, IR TOMRY, 4 v P BEERED, sAREARED, TvEe=
THEARED, RROBFWI LU VEA A2 — v B %Gk o7, TOfERE Tablel 12
L7, Anaerobe Laboratory Manual® oS bNo. 31 4% CL tyrobutyricum, No.
32 1x Cl. butyricum ThsHI Eu2BHRL, No.l &12% Cl. tyrobutyricum, No.4 & 27
% Cl. scatologenes, No.3 B I No.5 & FhFh Cl. septicum, Cl. subterminale &
feE L, No.5, No.27, No.3l, X8 No.32 O 4F#HA T oL 72,

3 HAL—CTHREHOHE

EH LA LY Vv — o DFNY 100 g 1Tk UEREK 200m! &0 2 JERR, =B —ET
B U CHiIE R £, R 8N NaOH% iz € pH %6. 0¥ L, & OEEsmI(CL
subterminale % UTo3B 40 9ml) % 7 ANLS L CEE 7 AR W LIeA52g (CL subt-
erminale OEHlg) Dl r -2 JAW) ¥FEDLLEBFCEA LTI 54 2 AR TH
LRk, 121°C T4 — b 2 v — 7 CRE Lo MBI DVA L — =& 2 BHOME
Bk (v 2 RoREL: Cl. subterminale % 586 U 723554), K580 (90)%, F.HE2530 (56
92)mg/100gDM, [iEig1220 (2745), 7 = o V52 (117D, 4 vV EAHRI0 (23), [&fE42(95),
A4V HEEES7(128), fERMIEIIR(V F A)RE1381(3107)mg/100gDM, 425 (Total-IN)
600 (1350)mg/100gDM, MEFsHEHEEges2(VBN) 29 (65)mg/100g DM, V BN/Total-N
4.83 (4.83)%, ¥R ALY (WSC) 575 (1293)mg/100gDM Tk -1z,

4 HWERR

BEEI T FR P Y GEH©30°C 48 R (Cl. butyricum 12405 MHE00CIEEL
BRI OB AR » v v r Lo, BRI OMEN 1 ml 4) 1 X102 s X S| Y v
FPAWTTHRL Z OFFIK 0. Iml & A L — 2= 5 ARTHICAREEAIC P 288 L 7o, 568
BTN FRDOEITOWT20°C, 30°CHAHT40°C OERBNTERL, 1, 2, 3, 4,
9MWE BRI I-TLL, 2, 48E) ©ya1 v —ooeelity L TR 100ml %
Mz, ke iAF—THREL, #7 ) vAACHuE L cmBR a0 s LTabnediL 7,
RERIIEAK ES 33 (1T 28) TEBL, ThLhOPEEY b - TURLI,

5 S A &

ks X ORI O pH L 5 AEME pH 4 — % — (A7 -¥58M—7), FLENT Baker
& Summerson 1D, 4£2% (Total—~N) 1T Kjeldahl $#:12, MEZgM-difezEs (VBN)
vt Conway OBEIEL-PFIED, HBERNTH(VEA) WAESEBE A7~ T T
7 4 =W, TR (WSC) 2 Somogi & Nelson ¥R X h ThEhaiiL, 48
¥y Bacteria Counter (Petroff-Hausser #8)1c X » #% LUtz 7o Clostridia # S L 72
A v — v OFEFHIIE Flieg kD 1 X 7,
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Table 1, Physiological characteristics of clostridia from silage.
S S S S S
2 A A zZ z z =z =
o o e & ° @ o q @ e @ @ g
= ey = 3 w X o < LS ] 8 8 &
g s 3 S S
s 3 S, 0y 2
3. = 3 S 3
§ ©
Arabinose — — — - — — - — a a w a a%¥
Esculin hydrolysis - - = L ——. L+
Fructose a a a a a a¥ - — a a a a a
Galactose —_ — — - — gV - - - - _ a a
Gelatin - - - - + + + + - — — — _w
Glucose a a a a a a - - a a a a a
Glycerol — — — — — - - — - — —W a~
Indol - — — — — — — — — - —F —
Inulin — - — — - - — — _ — — — —a
Lactose — - — — — a% - - — — - a a
Maltose — — — — a FA - — — - - a a
Mannitol - - = —W g — — - w = — a —w
Mannose a W a a¥ a avy - — a a w*  a a
Meat — — - - — — d d- - - - - —
Melibiose - - = = e - = - a - - a av
Milk - = - - ¢ & a ae& - - - ¢ ¢
Raffinose - — — - — - - — - — — a a
Salicin — — — - - v — - - - - a a¥
Starch — — — - — -V — — — — a a
Sucrose — - — — - — - - — - — a a
Xylose a a a -2 a - — — a W a% w a
Ribose — — — - — v — — W W w w a¥
Gas +3 +4 43 4% +3 4 +4 27 44 +2 4* 43 4
Gram + + + + + + -+ + + + + -+ +
Motility -+ + + v + +- A+ +7  + + + + +
Spore location ST ST ST ST ST ST ST ST ST ST TST ST ST
NH, + w o w -+ v + v w w Y 4+ —F
0. - — — - — - - - - -~ — —
Legend for symbols - :negative reaction for 90-100% of strains
+ : positive reaction for 90-100% of strains
a : strong acid -pH 5.5 or below-for 90-100% of strains
w : weak acid -pH 5.5 to 6.0-for 90-100% of strains
v : variable (strains may be either+or—)
T : terminal ST : subterminal
O* : most strains (), some strains X
¢ :curd (milk)
d : digested (milk, meat)
+gas : a few bubbles in the area of growth
2+gas : small but complete splits in the agar
3+4-gas : agar raised about halfway up the tube

: agar raised to the top of the tube
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& ES

LB LA v—Uhbaiidhic 4D Clostridia 2 Fh ZH M CHEE L1y 4
vy d AEME, 20°C, 30°CH B\ 1140° C TR LB o g opH, Al WSC,
VBN/Total-N % L o8 VFA oM Fig. 1 MLcEBY TH D,

Cl. scatologenes Z A\ % Cl tyrobutyricum % ¥ U784, pH T W-FhoaRE
Th1~2BEK 84T ¥ CARIH N L LT oMY 938 B % T Licores) L, CL
butyricum, Cl. subterminale % EFE LA O pH X, EOEREOHEGICHIZEAL
Ll otz, 2DX 5 pHIIEHIC X » THERE LA EFTHL0EBE D ELLR
WD Ephiest, ThZh OO pHILERREOEIC X » GEV AR LR Th T
Cl. tyrobutyricum %R U 128541 20°C CEDOBEX & B EABBR T E LD »
720

?L@@ﬁ%i Cl. butyricum, Cl. scatologenes # %\ ~k Cl. tyrobutyricum 7B L7

By, FARRED30°C £40° C oML 1 BIC BIUC(ETT LB 2 OEEZ Rt T 5 0 4 —
VERRLIEDWERL, 20°CORRTZ b OEMHICET 50w 28U R E LR CL but-
yricum R UG 48D R E L., 2hb 3SEEWBA, Cl subterminale
R LA oA, BEREES20°COBIEBC{ET L,

WS Cit, EOWEEERBLISSARL, TN CORERBEKTHEA LD, 02 %
TORP RN, ClL subterminale 2R LUICHE4BE, BEEEE20°C ORI OEE
K& B Snie Al dy o te, —F Cl subterminale %L I0BE5OWS Clx, 40°Co
Rl b ish » e,

VBN/Total-N %, Cl. scatologenes, Cl. tyrobutyricum, Cl. subterminale % 1L 7
BE, WCThORERTOHM LI, L L 3HEEE coOMmEL, FERE20°C Ok
CABORER & Dl 2 E DD bhio, Cl busyricum %388 L o b B O®
MRS BRI H, BINER30°C, 40°COREE bicflio 3 B4 B L ol aw b~ e
7

VFA#BELBRBE&EL, CoEERLCEACL, TXCORER ML, Ly
LU 48HFcoMinglt, Cl subterminale % U BA 2R E, HEHREEN 20°C O
MOREX & P in L, Bier o Cl. butyricum, Cl. tyrobutyricum %L1
BACEETH e, —FF CL subterminale %R LU =SEDOVEARE L HEBHSEOM
e, BRREC X 52X 2 A TRD bR o, HIREEICOWTL, CL sub-
terminale % R L 725G O RIGINMEFRAFED i, MOBEEEM L IS5l Lic,

AL P AR L FERYE D Flieg E(ﬂ\k I BERE A Table 2 L/r Lko DS,
Bk, A v - ohodlik, BHR, RBBRORBEICHT 5 RMOLEL LAY L, ©

DI L - CTEREED D L DT, &h&m#@ m~%%&,u~m%7,m~m%$

0~20% T &EDHTW5H, BEENOEMILE B IR, Cl butyricum, Cl, scatologe-
nes, Cl. tyrobutyricum %R U 154, 30°C £40°C ORREEBBE LEBRAK, Tékh-
feDR L, 20°C oI 2 BB o fc, Cl subterminale OBE1Y, 2:EE &



AR o FEER - B DRSS o R & R

Cl. butyricum Cl, scatologenes Cl. tyrobutyricum

Lactic acid g/100gDM

WSC g/100gDM

(4

VBN/Total-N

g /100 g DM

/ I’
PSPy, SR
0 1 2 3 49 0 1 2 3 49
Weeks after incubation
Fig.1 Effect of incubation temperature on pH, lactic acid, WSC, V
and VFA in cultures, Each point represents mean of triplicate,
O:20°C, @ :30°C, A :40°C.

Total VFA
Butyric acid -------

111

Cl, subterminale

v

1.2
0.8
0.4
Oi.._L__J_
151
10+
5
O._
8_
6k
.4_
2k p
iy 3
o
0 1 2
BN / Total-N
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Table 2. Changes in the quality of silages inoculated with clostridia and incubated
at 20, 30 and 40°C. (Expressed in Flieg’s mark)

Tern;gfr'e Weeks after incubation
e 0 1 2 3 4 9
Cl. butyricum 20 78% 78 65 73 55 15
30 78 15 15 10 10 10
40 78 20 10 10 10 —
Cl. scatologenes 20 78 30 10 15 15 15
30 78 15 15 15 15 15
40 78 15 10 10 15 15
Cl. subterminale 20 78 60 35 - - -
30 78 60 50 — — -
40 78 60 55 — - -
Cl. tyrobutyricum 20 78 75 10 10 15 15
30 78 15 15 15 15 15
40 78 15 15 15 15 —

* : Mean of triplicate or duplicate

TIR20°C T, 30°C L40°CTH & 7x » T2,

= =

A V- DREET AMKHERE L LT, CL tyrobutyricum, Cl. butyricum, CI.
paraputri ficum, CIL. sporogenes, Cl. scatologenes, Cl. bifermentans, Cl. aceltobuiyricum,
Cl. perfringens, Cl. sphenoides MPpEI T B, KEBRTL o b D 55, CL
tyrobutyricum, Cl. scatologenes LHEEINHEMA DT B2 LN TE, EBEEET
W ER T CLosepticum, CL subterminale & HEE SN AW A DHET 5 2 L3 TC
iz, LUk s, Cl sepricum & HEE 7o HHEL Anaerobe Laboratory Manual®
R S iR BEIER E 2, 3O T—Fe P EbliieETsbneFEzs

AR\ T Flieg G X A4 v — 2 OREOFMY. Cl. subterminale % 1L
B EIL EOBBERETH - 2B E ¥ T T 5Y, CL butyricum, Cl. scatolo-
genes, Cl. tyrobutyricum % FREE Lic8aix, 30°C, 40°C O 1B T &7
D20°CORHL 2 BRI T &/ b & LR E N, SO &k Cl subterminale VAo
BPEHAYT A v — P OBBEIC ST EGS DT ERRL T B L0 L Bbs,

F @R, CLo butyricum, Cl. scatologenes 35\ M3 Cl. tyrobutyricum W X B4 v
— COHENE, 20°C O X 5 I{ERIERC X > TEBLEHZ ENFAETHH T EERLT
WA,

w* Clostridia D FE OEMBREIL30°C~40°CD 5B E35°C~40°CO L I Tk
b, 22°C CIIFBE LB e b D Hilgl & hi015°C Ty 4 v — ehic Clostridium 73
LD Eubhtnb, AR Wb, CL butyricum, Cl. scatologenes, CI.
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tyrobutyricum B Lo G, BEREBEOAMBEWS C oD ¥ 7o VBN/Total-N, VFA
MR X OB OB, FEIRIEIEAI80° C & 40° C OBFTIRE UMHI % 73 LTI RBIIG 1A
HiItilEo b, 20°C OB HOBIMIZENRD Z EWRER, LR TR b ORI,
FTTCHE SN TOBI|E LY A v — = F ARIOETHR T B L L i, 1 v =Y ok

RIS Clostridium OFEHE & AVHOMBIOE 2 AR THR R FETH D & L& mg
L7,

Cl. scatologenes, Cl. tyrobutyricum 7B L 7-& 0 pHIL X 0B EOEA I L
2BE T 8 < CABICHINL2Y, & MEABOWMD & VBN/Total-N o FHic
IaborBbhs, —J Cl butyricum, Cl. subterminale % LA, FhE
RAMORD & VBN/Total-N DR /L#iNsZ bhicie banb b3, pHk v R
13 &AL EB Uk otce RIS, Aspergillus sp. %44 U— 2= AWM HERE L
fotty, WBABBICES T b 63 pHIMET L, Z OETFIRREREmT 2R
BRMEFBIRO 7= VB LI2b0TH D EFLEL T, AERC TR ERE:HE
MOPEL FTidlen »7ed’, A, WSCoOWA & VBNOMMD»BHE2 % &, CL but-
yricum, Cl. subterminale WM LIBER L 7 = vBSORFEBAINLC pHD 17
R LTS B Do

= 9

5L AT LY AL —2 X DOHLI Cl scatologenes, Cl. tyrobutyricum ¥ X O CL,
subterminale »HEE SN B 3k EFEMD CL butyricum %A v—v = 25 (pH
5.8, W& E20% 12 U Cl. subterminale DY 10%) W IEEANIC B L, 20°C,
30°C % X UM40° C T Gic i3 L, Clostridia o> fRHHc Bug 3L EE 8% it L
7o : '

Cl. scatologenes, Cl. tyrobutyricum “ U I8E 0 pH X, FEEBiAB T hoks
FBRETH, BB L ehDBINE LA LB L o, SHIEHL, CL
butyricum, Cl. subterminale % ¥EfELU7-356 0 pHIL EORFREC LM L 5 22504
IR T o712,

Cl. subterminale % PG LIS a %, FBEWS Cod %% VBN/Total-N, VF
AfR R L OWREE OB, FERRE2330°C £ 40°C O TR U AR L TR %
BEHIZEZ D, 20°COMRCh GO TEND Z 2R LT, Cl subterminale % #E L
e, (MOWOBE LEEE, WIThoREEETLAMEWS Cliiifd L VBN/Total-N
VFA RIS X ORI L7eas, & h b EHERE O 2 & » T—E OB% RS 7
Mol

Flieg GBI X 24 v — O RE DT, Cl. subterminale % P Lo BEH I E D
HERRETH - Ch 2B ¥ TR T bd, ClL butyricum, Cl. scatologenes, Cl. tyr-
obutyricum % T E M LB AI1R30°C, 40°C ol 1WA TF & 78 9 20°C DL 2 38

AL T &705 & AR E R,
P ED#ERN G, 1 v—v 04 HE Clostridium OfREHE, 20°CD X 3 KK ¢



114 BAMRFASEMIOE #2055 15 (1983)

AV —CRBZIEHILCI-T, BE -T2 L0 THLLELDND,
50 B X B

1) BryanT, M.P. and L. A, BURKEY, J.Bact., 71:43-46, 1956.

2) ROSENBERGER, R.F., J. Appl. Bact., 19:173-180, 1956,

3 feaRiE, JCREIHCNE, 8:188-251. 1972.

4) Gisson, T., J. Appl. Bact., 28:56-62, 1965.

5) KILFEE, HBSW, 42:301-317. 1971

6) FWEFEHR, VA v DO, BREFERENER AT, 1975.

7) RS, BEEE—, FR A v - 20PN, BREEEHEL, B, 1976.

8) /MEFFEL SRFE—AR, ARKMEE & BRI, EXER, #El 1968.

9) HoiLpeMman, L.V,, E. P, CaTtoand W.E.C. MOORE, Anaercbe Laboratory Manual
4th Edition, Anaerobe Laboratory Virginia Polytechnic Institute and State University,
Blacksburg, Virginia, USA, 1977,

10)  FERARF PSSR, A iE, 2%, EENE, Ha, 1973

11) BARKER, S, B, and W.H. SUMMERSON, J. Biol, Chem., 138:535-554, 1941,

12) Crarxk, E.P., Semi-Micro Quantitative Organic Analysis, 42, Academic Press.,, N.
Y., 1943,

13) ConwAay, E.J., Microdiffusion Analysis and Volumetric Error, 95. Crosby Lockwood
and Son Ltd, London., 1950,

14) KiBg, K., Jap. J. Zootech, Sci., 38:141-147. 1967.

15) #FA& %, Wipassaliingk, 342-344, FEE, Hpl, 197L

16) Gisson, T., A.C. STIRLING, R.M. KEDDIE and R.F. ROSENBERGER, J. Gen, Mic-
robiol., 19:112-118, 1958,

17) REAM, B (REE EE B, SHREESTITE, 18:21-32. 1981



A+ BEER « RO AN O (R & TR 115

Effects of Incubation Temperatures on Metabolism of Clostridia
in Anaerobic Silage Extract Media

By Kyuei Kibe, Yutaka Karasawa and Norihisa Takase

Laboratory of Animal Nutrition and Feed Science,

Fac. Agric., Shinshu Univ.
Summary

The strains of clostridia were isolated from representative colonies obtained from
poor silages. The strains, No.1 and No.31, No.4 and No.27, No.3 and No.5, and
No. 32 were assumed to be CIL tyrobuiyricum, Cl. scatologenes, Cl. septicum, CI.
subterminale and Cl. butyricum, respectively. Effects of incubation temperatures
on growth and metabolism of CI. butyricum, Cl. scatologenes, CI. tyrobutyricum
and Cl. subterminale obtained above were examined with the anaerobic silage ex-
tract media.

Each incubation of Cl. butyricum, Cl. scatologenes and CI. tyrobutyricum at 20°C
resulted in slower increases in total VFA, butyric acid and VBN/Total-N contents
of cultures and in slower decreases in lactic acid and WSC contents of cultures than
that at 30°C or 40°C. Incubation of Cl. subterminale at 20°C, 30°C and 40°C also
caused increases in total VFA, butyric acid and VBN/Total-N contents of cultures
and decreases in lactic acid and WSC contents of cultures, but consistent effects of
incubation temperatures on these contents were not observed. At all incubation
temperatures, pHs of the cultures showed rapid increases in inoculations of Cl.
scatologenes and Cl. tyrobutyricum, but little change in inoculations of CI. butyri-
cum and Cl. subterminale.

These results suggest that the incubation at 20°C or lower temperature has a
suppressive effect on growth and metabolism of clostridia and results in a delayed
reduction in silage quality.



