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Clostridia RAK{LY, % v <7, BRI EREIC L - THATWEE ELL TR,
TYE=ST, AANb=, TIVEEOKHFECHED L LIFKEOEF KT S5 WE
AT HID, T4 v - OREOHCHEETAEERE L Vbl Tw 5,

ZOWOEM pHILT. 0~7.4TH 0D, 4 2T CRBEBHIH S 5 2 L1 HE ST
B8, LhLanb, ALV. v 1 v—2oC pH3 S UTCLEBeEL 2 &nh by &
Tor A v — OB T—R pH2 438 HHWILEhBTFis - Th T O%AMms D
LEBENBHT AL MbhTn5D, 20X 51 Clostridia OREF LA v —o 0 pHE
DOBARIZ DWW T O RAE—F L Turial,

Clostridia DRBFXFIBOFAMIC X » TLHH S, & OMGEIEEARE T X 5o
PHOET LA MMt 0L DT 2EE 2 5Rh TV 290, ABFDO L 0D
Clostridia OFEFIMHABEC OWTIRIE EA ERE IR T 70,

FOCAKRER T, A v —Uh oL Clostridia %, pHB2WIHBEEDC &
B A V== AR CEEL, BMRS ORSHNELEFIND Z LIt kb,
Clostridum @ X 544 v — L OB &Ko pH, FEE & ORFHIPE DL THRE Ui,

MBSV EE

1 #EREEEE

AEB B TR L Clostridia 1%, Fi#RS Wili~<7- X 5 e tRE X hie CL buty-
ricum, CL. scatologenes, Cl. tyrobutyricum, Cl. subterminale © ABHTH »7t-, HFEE
Eh i PYG Bii©30° C48I:H (CL butyricum (T24R5MD PRGNSR L, BRK
OEBHED Iml HH 1 X108 s LORE Y v ¥ AR THRRLTh b, 2O 0.1
ml & A U — o AR MR BB U Ao, BEREENE30° C O ERAFPY CRERIIC
Re3gl, 1, 2, 3, 458H (Cl. subterminale %L B5L 28E$0) w1 L —
COLBERIDH L THEYEK 100ml ik, KEL =+ F—THEL, #7799 VTl
BUICHBE AR & LCatrefi L,

19834F 4 30 HEEAY
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2 R EH

A L P REEH OB Vo A v — SR, BT E RS L TE SRS,
YA L — =% 280 pH A Clostridia OCHENC B3 B84 T EBR T, 14 v —
SO pH i3 NaOH & HCl %ominc & - T 4.1 (pH4K), 4.9 (pHSR) &
X0'5.8 (pH6K) it L, =itk 8ml (Cl. subterminale OBATYL 9ml) % #
AWGHETER T AR LI b2g (ClL subterminale DHHIE 1g) DrArm—A(FA
B HFHEDILHBECEAL T F = ale Lictk, 121°C TS M4 -7 1v—7
THEE LT SOV A v— =% 2RHOMBIL (7 y 2 NOEfEL Cl. subterminale %
BEREL73BE), K080 (90)%, FLEE 2530 (5692)mg/100g DM, fHFEMIEIG R (VFA)
mg/100gDM : 1220 (2745), 7w 4 v ER 52 (117), 4 VEEL10 (23), FAER42 (95),
1 v HFERE 57 (129), HEFREMEIEIIRAE 1381 (3107), 45 (Total-N)600(1350)mg/100
gDM, EFmimstiesss (VBN) 29 (65)mg/100gDM, VBN/Total-N 4.83 (4.83)%, ¥
PR (WSC) 575 (1293)mg/100gDM Tk - fo, —FTEEHO AR E B Clostridia
ORI RE T 8L FI BT, oA BEEN 2.5, 5.0, 6.7, 13.0 B L0150
BEBDISCTA v CHBROABEYNE Lo, COBEDFAL L — = F AR
pH» FEOAMERI G L CFRENSES, 5.8, 5.4, 4.9, 5.4 Thoiz, £k, TOD
it O FLER DAL O AN, BIEO LR D TH T,

3 SWMAEE

g X OBERRE D pHit 7 5 2B pH £ — £ — (A —PSEM— 7), AL Baker
& Summerson D, 4@%% (Total-N) (% Kjeldahl %, #EZMiEipags (VBN) 11
Conway OBEIBEPFNED, HERERITG (VFA) WREIFREErArse<t 757
4 =10, TR (WSC) 1k Somogi & Nelson (DI & ) FRFNHSH Ui, T
Clostridia # B L 7o ¥4 v — = 2BV 1 U — 2 & UTOREFML, Flieg Kk
T oTHiotc, Ik, RBIIZXES 3H# (1#c28) TEEL, BRIEXEhTho
FEHEAE S - TR LT,

#& ES

E3 LA LYA v—UnbEahi 480 Clostridium % W Fh¥c, pHoOR
By A v—omF ARMICER L, WEEWOoRbo pHol 2 Ei#ERo pH, AM
&%, WSC, VBN/Total-N, VFA RE® LU BB&BEOBRNE (L JiE+8Ec -
W Lo Fig. LR L,

BEEEN OB pH 2N 4 O, BRBIAE O pHik ClL subterminale %R L TciBe
2 B%, Cl scatologenes, Cl. tyrobutyricum %IEfE L 78BS 4B EBEIZ & AL
Lied» o tce CL butyricum % BfE U 7cBE iy, BB OREMO pH 53 X006 DT
bW O pHILFRRC 4 38 HEEZL Lich » 72,

ABE R, SO pHA 4 OB, Cl. scatologenes, CL. tyrobutyricum, CI. sub-
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Fig.1. Changes in pH, lactic acid, WSC, VBN/Total-N and VFA with time in
the cultures with various levels of initial pH. Each point represents
mean of triplicate. (O: pH4, @: pHS5, A :pHS6.
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terminale W LIEBRE CII2~4BEBETlREAEEBL LS T, ThIEHL, B
Bfrso pH2Y5, 6 OFOIMEREIL, FOREZEE LS 1B B aiUuE T
b, e Cl. scatologenes, Cl. tyrobutyricum HEEMUICHEE LHEETOREL ¥ T
Tl

B pH2 4 o WSC 4843, CLl subterminale »HRE L I2BACHI L,
Cl. tyrobutyricum, Cl. scatologenes % BfE U oAb OEAIZ R LIc, Ll Th
BOETIE, ¥ pHBR 4L EDBECH OB T LD HAINLDOTH o7,

VBN/Total-N %, B0 pHH 4 OBE & A L Uic\V 35T OB InEE 2R3
g E e otont, pHZS, 6 OBpiL Cl scatologenes, CL. tyrobutyricum, CI. subt-
erminale M UICEAIM LI, L Lisdis, CL butyricum BB L850 VB
N/Total-N %, B#MERKO pHM 5, 6 TH o> Thh T 2 & -7,

VFABEIZ OB EE LB O REBRE & AFEORMNE(LE R Ui, Tihbb,
HEERE D pH2 4 ORIz & A K2 b2, pHA 5, 6 oM LBECEBEMNLED
BT HINT 5 00E & A EBED R BRI 5 7,

Ry h pHOW A4 L — o= % 25 L Fhbic Clostridia # 540 L 7 53870 Flieg F¥k
W X BREEE Table. 1 WRL e, BEERO pHY 4 Oy, COBAERLIBELET
SEOETRRS SR TRETEL L VIR EHEI RN, pHAS5, 60O, FESOHEL
DR TAED b, LinLich s, pHE, 6 OBOREROFAOE T ORI, #
MULEC X » GREVLWE R BT, T7bh, ClL scatologenes, Cl. tyrobutyricum % %
fE L 7B SN o pHAY 5, 6 OBk L0 CL butyricum B U 2356 C W
B pHA 6 oMcly, 18ERFEALEMCRTL GBE ), CL subterminale %
BUBAR XV CL butyricum %88 L7356 CHEEMEFO pH 235 OFiix, FEEIR
BRI T 2R L,

Table 1. Changes in the quality of silages with various levels of initial pH
after the inoculation of clostridium, (Expressed in Flieg’s mark)

Weeks after incubation
pH
0 1 2 3 4
Cl. butyricum 5 78*% 65 70 — 45
. 6 78 15 15 10 10
Cl. scatologenes 4 78 78 83 — 83
5 78 15 15 — 15
6 78 15 15 15 15
Cl. tyrobutyricum 4 78 83 83 — 83
5 78 15 15 —_ 15
6 78 15 15 15 15
Cl. subterminale 4 78 78 78 — —
5 78 60 45 —_— —
6 78 60 50 - -

* Mean of triplicate or duplicate,
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Fig, 2. Changes in pH, lactic acid, WSC, VBN/Total-N and VFA with time in
the cultures with various levels of initial lactic acid content. Each point
represents mean of triplicate, (0:2,5%, @:5%, A:6.7%, l:13%. [1:15%,
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Wi R BABERE DA L — 2 =% 2R Clostridia # Bl cHE L, EhoA ke
BAEEWK O pH, FL#, WSC, VBN/Total-N, VFA ik X O FBE R g+ e
FRAEDOMERY Fig. 2 WiRL I,

Cl. scatologenes, Cl. tyrobutyricum % B U7-8& @ pHik, HEEMER OO
BN 2.5%, 6. 7% 0K LBHK 8L ¥ TRHCHMMLIs, AMREEVPIBL ORI E
AET U » e st L, Cl subterminale, Cl. butyricum %L 1354850 pH
1, AMEREN2.5, 5, 6.7HBHIXIBH DRI HITE A EBIE LI -7,

& B, CL scatologenes H¥EMUIBE, BEEROAMEEC»1H LT 1 ~2
BECEE B BRN, 2.5%, 6.T%R T2 BEWCIZE A X0 T Kissi, CL
tyrobutyricum R L 7oA b MBI HEER O S EN 2.5, 6. 7% ORHIEA L 2
SAEW O i o tehy, 13%DEITIZ & A B ek o tc, Cl. subterminale % BfE
LB, OIS BN15Y Ol Cl scatologenes %350 U 1356 L BB SIS
L7cht 6 DG & A B UTehs » T CL butyricum %3508 L e OFEROIETIL,
Cl. scatologenes, Cl. tyrobutyricum % BRE L 12356 & B EHRA & bR Tz,

WSCx, FomsxERLLEAD, BhoAMaReBfa LEE, b 2 BE »
FTEMCET LA, L LEERROSMOAMEE L WSC & T & ORI —iE DB
FRED BT -7,

VBN/Total-N 1%, FOBEAEELCEST LEROIIREECR{WmL i, VB
N/Total-N o#jng & WEENORMOABERE L OB —EoBREED bRz o
Tens, BECUL CL osubterminale % 308 L 708 & OWINENER L E0 - 10,

VFA $EX FoETEE LB b BB E RO BRFWEE R U, CL scatolo-
genes, Cl. tyrobutyricum % BFE L1540 VFARBOWING, BLOABREEN6.7%
DIFE L % SWRNT2.5, 183G DEEDIRIZS b »ic, i Cl butyricum B LU ISHED
VFA 881X, 2.5% 0026, 7% 01 X 04 WinL, CL subterminale % ¥EfE L 7045

Table 2. Changes in the quality of silages with various levels of initial lactic
acid contents after the inoculation of clostridium. (Expressed in Flieg’s mark)

Weeks after incubation
Inocula pH

0 1 2 3 4

Cl. butyricum 2.5 78% 15 15 10 10
6.7 95 85 80 — —

Cl. scatologenes 2.5 78 15 15 15 15
6.7 95 53 30 — -—

13.0 95 95 95 — —

Cl. tyrobutyricum 2.5 78 15 15 15 15
6.7 95 20 15 — —

13.0 95 95 95 — —_

Cl. subterminale 5.0 78 60 50 — —
15.0 95 75 33 — —

* Mean of triplicate or duplicate.
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HOBMENL 5 % OIFOIF 3% DG X D &ds o T, BRI, FroFm CL scatologe-
nes, Cl. tyrobutyricum, Cl. subterminale %ML 1o BE1315% O, Cl. butyricum %
BEELICBER6. TZ 0BT hbiz s A SRk -7,

RICDAMEFED YA L — o= F ARM L Fh i Clostridia %48 L 7o 8535E o Flieg
K X 55 4% Table. 2 iR lLic, FRAOEDEMAE T, CL butyricum, Cl. sca-
tologenes, Cl. tyrobutyricum % B L I-BEEMOABEEN 2.5 B0, ¥ 7= CL
tyrobutyricum R ER LI-BAIL 6.7 B0 b A b, BB 1 BACHEOFHMIT
EicoTe, Cl scatologenes %M UEHIOHATBEEMN 6.7 % D3 X8 Cl. subterminale
A PR LR OFLIR S LY 5.0 ZORpc b A DK T 23RS b 2 38 S FHIEL £ h 2 he,
T &inote, T U, Cl butyricum % EEL, HOAMBARDN 6.7 % DF, Cl. sca-
tologenes, Cl. tyrobutyricum R LA I3Y% DMk L O Cl. subterminale % HEfE 1L ES
HWOAENRIEZ O, F b I NTET T 208 & A EBER R bR T,

Z 2

Clostridia DR EDT-»OFERE pHIL, —IKT7.0~7.4TH 5 Lo, BELHali
ZBHTENRTERNE IR THBD, HE pHA2HUTOY A v—~2Tik, Clostridia O3
FHRREETH D C ERRE IR TABEYD, Lnlisis, ALV, v —owik, pH
JELUTCL AU OfEE Bl b W S HERY, v V-2 olBuifEc—H pH 2431
S HAEERUTIRR - T, & OBABIED LEFCREN ST 50 Mm5Nh T
WA T Eabh, 3.5—4 WS pHIR & » T Clostridia OED B\ R L )
D AT Lb iy, 20X 5 RFOM#ENE, Clostridia Ok €& 7/s\v pH
T4 v —CBEBE D Water activity W X - TEBIDZ L L oBIEMESAE 2 BT\ 5,

I CREERRC B\ T, Water activity OBPRTEERTH KNS EL, Cl. subterminale
A PR L7 S OFII00% F D DBE1I80% & L, B pH ot Clostridia o
B BIE S & Wi U, Clostridia 13— K04 i i 2R M O 3240 5 B h 30 % BA
L CHEOBHARNR IS OTY, KERTHGAKSERIBEORTICE - UF4Lfks
Wi b, LLichi s, Cl scatologenes, Cl. tyrobutyricum, Cl. subterminale % ¥EfEiL
Fo35Ay, oo pH 4 OISR OBEEIL S 7V E = 7 OGS EHDTHHRVWETH -
foo Eto Cl. butyricum w3efE Ui B& 12, Ko pH A 5 O T b ESER O AL IR X
Riz, —7F Flieg R X 5Dy A L — 2 & LTOMEOKEES, pH 4 TEOET
Il E v, CL butyricum OEETE pHS THEOETIEILEI WA Z 2B BMNC L
oo ZThbo®gy, Clostridia BNREEF DO RDICIFLEETIZH - Th, CL scatologenes, CI.
tyrobutyricum, Cl. subterminale OFEFX 4 LT pHC X »C, %7 Cl butyricum O
FEEWSLUTO pHick »C, ThEh#iflzhs o &, s@EIHEh 5 pHIXEC
LoTREDZEHRLTED, Clostridia WX 544 v —0HEBE pHALTOE p
Hiz X otk LBEs b Bbh3,

Clostridia DFEICH T 5 LR OMEID R, FOAMMED L Ok L OAMRC X 5
o pHOETIBET2EE2 bR T 3D, Lnlicdis, AEEFo L oo Clostridia
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OFEBFIEDRC O TULA SN TR TV, REBROEEY, 3o M4 B,
Cl. scatologenes, CI. tyrobutyricum %8B US55 1313% OE;, CL subterminale % P48

LICHERIE DR, Fi Cl butyricum ZHFELCEEIL 6.7 ZOFREOREE M =
NAHZERIR LT, Tl O, FIBORINCHE > Biio pHOERTHHCI3L K THRD 5
HpH L5 0T, AB13%X o Clostridia ©FEF OIHEIEIL - o pH OETIC
BRTL0EGEL bR DY, pH 25 EELHAMBEEN2.5%D%e O pH Tkl
HEh R e ot (Fig. ) 2 Evh, REROESRABEOL 00MEREyRL T 5
Lz B, F7e Flieg BB X B8O 4 v -2 & LCORBOFEMORER, CL but-
yricum B L IEAE 6.7 U Lo T, FOMOBEOBEEX 13 B U LA T 1
V= DEOETEINES D CEEETS I LB TELZ LR LT, Licdis TRERD
MRE, r1v—COLBIRIBBED LA 0L DI X > THIHILESL & 2R R L
T B,

Wieringa!™X, Cl. tyrobutyricum 3. pH 4.1 i HCl THE L7 broth T4 ET 5
ZEMNTEBD, TOEHORER broth @ NaCl BNt 2 oI vEb pHIR X -
THLIF IR D ERF L, 202 &%, NaCl ORI LT 4 v — 2 0 Water
activity DMET T 5 Lk B LD v, IBOREROABOMFHRL 0L 57k
Water activity OETIHBEIELS L T BEEND L,

CL. butyricum ORFNIMBOE & e, WS pH SEGABEECHH S, L
7ot o T DWOEB L HAT D5 ME0mIIRL, o 3EHE LT A v -2 0B Bl
FHEENLNE GO L FHERS,

= #

FA V=N BAME L 45D Clostridium %, pH#%4.1, 4.9, 5.8D X 51c R Bk
dH B ITABEEY2.5, 5.0, 6.7, 1.0 K X V15.0%THBHHFA L —=F ARHIICH
MR L, RS ORI E Ly TS 2 Lk b, Clostridium I X » T2 544
V— U OHBE(LE O pH, FERE OBIEMIC oW THER L,

ClL. scatologenes, Cl. tyrobutyricum & 5\ % Cl. subterminale %3 L -8 6, o
pHA 4 ORFEIROBESE S LU pHE, HBBEOCE I 7T vE=T7TEECH ML EH
BTHICETH T, Cl butyricum ZHFE L T2BE, Ko pH2 5 Th - TLEBRO
BEERIRS 7 v =27 ORInb 30T pHEOEI S 7 o 7e, —HiHOy 1 L -2k
LT Flieg KEw L 53l 0#EHRIE, ClL butyricum OB&1id pH 5 TEOMOBET
% pH 4 CHOE T2, BIESED Z ERRLI,

RO EEMN, CL scatologenes, Cl. tyrobutyricum % ¥fi U 103BE1313% D Ok,
Cl. subterminale %R LU IcAX15% U EOK, Fic Cl. butyricum %R LUIBEX
6.7 %L b0k, EBBOEL - pH OB LA R KHBOWA b D is iz, iz
Flieg Rz X BEFsE, CL butyricum %L oS3 6.7 B LOABT, Zofio
HOBEI18. 0% U EOART, V1 v - OBEOE T IIkd HILEET S LN TE
LT EERLI,
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DEofER» S, 1 v —20 pH2A4AMTH S VITEB & B 213% B LTk g,
Clostridia OF#E L B4 M2z LRl TcEB L0 LB S,
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Metabolism of Clostridia in Anaerobic Silage Extract Media
with Various Levels of Initial pH or Lactic Acid Content

By Yutaka KaraswA, Norihisa TAKASE and Kyuei KiBg

Laboratory of Animal Nutrition and Feed Science,

Fac, Agric., Shinshu Univ,
Summary

This experiment was carried out to examine the effect of pH wvalue or lactic
acid content of silage extract medium on metabolites by clostridia and on quality of
the culture as silage. Initial pH values of the silage extract media consisted of
silage juice plus pulp cellulose powder were adjusted to 4.1, 4.9 and 5.8, and lactic
acid contents of the media were to 2.5, 5.0, 6.7, 13.0and 15.0%. Clostridia tested
in this experiment were CI. scatologenes, Cl. butyricum, CI. tyrobutyricum and
Cl. subterminale isolated from corn silage.

In silage extract media with initial pH 4, butyric acid was not produced, pH
values and lactic acid contents were not changed and ammonia contents were little
increased by Cl. scatologenes, CI. tyrobutyricum or CIl. subterminale. Little or no
increase in butyric acid and ammonia contents and in pH value in the silage extract
medium inoculated with Cl. butyricum was observed even when the initial pH was
5.

No production of butyric acid, little change in pH value and less reduction of
lactic acid were caused by CI. scatologenes and CI. tyrobuiyricum when the initial
lactic acid content was 13%, by Cl. subterminale when it was 15% and by CI.
butyicum when it was 6.7%.

The estimation of the silage extract cultures by Flieg’s method showed the
reduction of the silage quality to be inhibited by the initial medium pH of 4 and
by the initial lactic acid content of 13.0%.

These results suggest that the reduction of the silage quality by clostridia is
inhibited when the silage is lower than 4 in pH value or contains lactic acid of
more than 13%.



