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Effects of pH Value and Organic Acids on Germination
and/or Qutgrowth of Bacillus coagulans Spores

Yoshiaki I KEGaMIand Takako GoTo

Experiments were carried out to determine the relative effects of pH values and various
organic acids on the germination and ~ or outgrowth of Bacillus coagulans spores by using
PYG medium adjusted pH value by HQ or NaOH solution after an addition of 0.2 per cent
organic acid.

Citric acid had a significant inhibitory effect on the growth of the spores at pH values of
all range examined. And also adipic and fumaric acids in the medium showed significant in-
hibitory effect on the growth of the spores at below pH 6.0. On the other hand, malic, lac-
tic and gluconic acids in the medium showed no appreciable effect on the growth of the spores.

The optimum pH value for the germination and / or growth of the spores was approxi-
mately 6. 0.

Effects of pH values and various organic acids on heat resistance of the spores were in-
vestgated.

The thermal death time (LDs,o) of the spores in PYG medium added citric acid decreased
at pH values of all range examined. It is owing to the effect of recovery media after heat
treatment of the spores.

EHARGECEEERRPEOGNT pH 2[R T 3B EHHIZ—BITICL TORBEBTD
NTVEH, FORBEHEOREFILBS VW TRAEACBEMENICH T 2 pHLEBREORBIIXEET
H3,

—RI pHBET T3 LMEHORFIZMFE s 3, MEIL pHICH T 2BZHSHEPER L
Dl . 3L AEDOMEDOEE pH iz PHEME T, pHASLUTIRE S E HIMHEL (L3,

Bacillus EORBEOR TCix b pHIZR T 2BTHNFH VL BN 5 M 11X Bacillus polymyzxa
& Bacillus coagulans Td %, B. polymyxeit>W\WT pH LM OBR 2FIMTREL I,

EHRCREED 779 FH 7 - EEKELTREEEL B, coagulans iT2WT., TORFDRE
FRCHEREICKITY pH Lt AHREORE. IIRTORRBREICRIIT pH RUFREOEZEITOV
TRE LI,

= B 5 %
1. grEEN
Lo UGaEL b 498 L 7c Bacillus coagulans (BC - 2) REH LI,
2. RFEBROHEY
EEEREM (A/KRE, NA) v oA r44 % 10ppm MA T 2 EEE#IZ45°CTl0 H B 3%



94

L. RF2ERsVILE. SFHEEKCEBLIZ, SN BBR>EESHE No. SBTEES A
#. 100°C. 103/NEL THEME2EH I 5 LABIESEIL ¥, REIXEATE S CTHIH.
—>BULOERITHIZZEE1E -30°CE L,

3. BTHOBE

PYGIEH (BRIRFT P 2%, BB FX0.2%, FFI80.5%) w7 &, V28, 3L
B (85%~92%Td5H590% ¢ LTHE) . Bilt. 7o LUK, 7<ivBg, S valBRPachTh
0.2 %INA. EHEEF 38y — ¥ CHED pHITK AL > BB L ik 2 ATMP NETREF
BEHEL, 2 bo—v (FEREZEMLEVWPYG) ORTFHEERLI,

F1, PYGIZY = EE#0.05%, 0.1%. 0.15%, 0.2%fMA., pH %#5.0. 6.0, 7.01cFAEL
IR PAVCTMP NETRTHZHELIZ. M. COREMRLLHREIZR %AV,
BERE L pHAEWVE £ B TS CREVSRBEETH S D TICTIT- 1.

4. BILEE (L Dso) QEIE

PYGiz LB 7T HEOEHE 20.2%MA I EME PYGZTOE TDFEH % pH5.0, 6.0, 7.0
IKHEEL., COEMIETRER21.0x10° /nlicZs3 L3 kkMA. ch2TDTE (A& 7m.
BE3120m) 121 mld283FEL, ¢ 2 o~ F - TIEHE. 115°CIt@EF LicERmEdh cREiks
mEL., FKPTREE. 3°CTL HABELL, ERECcE T4 ExTSHTE L. BEBHEARS
h L Dso (HEFEBHEMN50%DE &DOMERE) 2RHLI. T4bb, 4KkP2ERIPBEMLIIRED
mEesf 2 EH L1,

5. DiioHH

pH #5.0, 6.0, 7.0iLHYLI-PYGCHLU0.2%D % L B 2RMLI-PYG2ERLT, L
Dso DYIE & AERIZ L TIISCTRREREMEA L. FikhTcanth. TDTERBHL. £BRIE
KTHR. pH5.0. 6.0, 7.0 ABLI.PPAAEH (Fuo5t-+¥ RXF+r5¢g, BRAZF
A5g,. TFUB5g. Vo BEIKEHNY L4 g, BEKS0n % pH5.0 I BB LRE. ¢h %
EXER20g . B0 ORER L BESOELEM) BITPPAZHM (PPAALEHKIZA
UThsH. REINC pH6.0, 7.0ICTB L, BRXEKZMATH» 6RE) 2R L TBCTI0HE
PHEELI. ERERERLI I = - 2HEL., £RHFE2{HE. 20QR2RD, DE2H
HUTs,

EBHRRUER

1. BFORFRUWMICE 5 pH L FREOKE

0.2%D % . BPRML. pH®WELILPYG TRFHZPHAELLER. Fig. LITRT LS
I pHIZEER 2 2> b o —WITHRTRFRIIIHULD L V2 0 BOFERRFRTEH
2HH T A BRI H 1. T Murdock (£ 0L & —F T3,

Y TR, HE. FFEOEEI Fig. 2. 3. 4ICRTIIXpHBBVEZATRZABRERE
i, pHMSEWEZATLLEEL. BTFRBDLL LTS, —ROMBEITH U THED
FERS ISR EERSERNC EMBRALNT WS, 2 B. coggulans IZH L TIXZTNITERL S
LRl A

TOL H, 7 NREDFRRE%Z Fig. 5. 6ILRLIL,. ThoDFEEEEIL pH6LOUTHA S5 K E L
HEL. pHS.OUT CRIBFORFRFEHEIIIIEASEDSNED -1,

I3 BOEEIE Fig TIKRTIHORHAKLFAUEEORET. ThiEfKE0ngEad
7.

HEREPRMUIBETERMULNEETERGBEMLSV pHT /2 5 EH pH 1£6. 081 &



7 4
6 | - \\O
Q
St O control
A citric acid (0,2%)
Z 47
3
et Q
| /A—\
2 .
A o,
1t /
J 4
4.0 45 50 55 6.0 65 7.0
pH
Fig. 1 Effects of pH and citric acid
added on germination and/or
B. coagulans spores
7
6
5..
Z 4 O control
3 A lactic acid (0.2%)
= 4l
2
1
4 4
40 4.5 50 5.5 6.0 65 7.0
pH
Fig. 3 Effects of pH and lactic acid added
on germination and / or
B, coagulans spores
ThH-7.

2. BERUFRHBEIZBIIAI T BEORE

3. BFomsatticRTT pH t EHEBORE

log N

4.0

log N

95

TRy

O control
A malic acid (0,2%)

-

55 6.0 6.5

pH

4.5 5.0 7.0

Fig. 2 Effects of pH and malic acid added on

germination and/or B, coagulans

spores
7t 4:>\a
6f L#Hh\ﬂi::
o
s} g/
4 O control
3 d A acetic acid (0.2%)
2;
1 -
1t . , . ,
4.0 4.5 5.0 55 6,0 65 7.0
pH

Fig, 4 Effects of pH and acetic acid
added on germination and/or
B. coagulans spores

Fig. 1 CRUTZ L H120.2% D 2 = - EEDORMT pH icBR2 { BFORF R UEEO MH 1 E
Hohi-OTTORMBOHFEB2HBUIER, Fig. SILRT LI/ VEBORNEMBZ &
AILRE- CHBHEMG s iz, UL, pHIZEZABEBIRITHIZEKRE L Ud T, B polymyxa
DBE L pHHBEL 2318 > TRFROBLHAREL/ZH, V) BLEATH-T.

PYGHTM®IISCIZHEIIAL Do » Table 1 IZIRU T, WREIREIT5EE pHIZ6.08IETH -



4 oA / |

i 4 O control Z  4F O control
o 4 A adipic acid (0.2%) 3 A fumaric acid (0.2%)
3 1 ¢
2t 2
1 1t
. 1 . , . . T . ] . .
40 4.5 5.0 5.6 6,0 6.5 7.0 4.0 4.5 5.0 55 6.0 65 7.0
pH pH
Fig. 5 Effects of pH and adipic acid Fig. 6 Effects of pH and fumaric acid
added on germination and/ added on germination and/
or B coagulans spores or B, coagulans spores
7 L
6} : a
101
5} °/° 9
R 8
Z 4} O control 7 the
& A gluconic acid (0.2%) Z 62 2 o
- 3 ¥ s}
= 4l
2 3 T
2 P T
PHSE
1 1
s 4 , _ ‘ 0 0.05 0,10 0.15 0.20
40 4.5 50 55 6.0 6.5 7.0 concentration of citric acid (%)
pH Fig. 8 Effects of concentration of citric
Fig. 7 Effects of pH and gluconic acid acid added on germination and/
added on germination and/ or B, coagulans spores

or B. coagulans spores

1205, Wi pHT.O BB 58> - 10, HHREOFEIZ pH7.0 TIZ Yy =Bz P8 { . pH
DEL L BITHE » THEAYEIXT 0%, 7 2 EOFEIL. REFRTBHEICRIITRELEALL D
iz pH icBB{R /2 { 2t 85 3, FabianX 5% S pHS.5 BB 3BOREIEFROEFEIR 2 =
VB, R, EBOBTH-TEHELTVAY, ThERUERTH-12. £z, pHS.0 T
T BORMLE S MM 25D,

7T EEDFEEIX pHITBE LS MABEE2HEDH I LB -1-OT. MAKIZHIIE 2 &
DOEELMBBORIZEICHITSE pHORZELEABRLI, 1I5CIZBIISDER2HELIERES



Table 1. Effects of pH and various organic acids
added on LDsy of B. coagulans spores

LDso
Organic acids
pHS5.0 pH6.0 pH7.0
Control 4.5 14.3 19.3
Citric acid 0.9 3.4 5.7
Malic acid 4.5 12.4 17.0
Lactic acid 3.3 9.5 16.3
Acetic acid 2.7 11. 7 19.6
Adipic acid 0.3 11.3 17.3
Fumaric acid 4.3 10.0 19,0
Gluconic acid 2.5 6.3 14.0
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Table 2. Effects of pHand citric acid added on D values of
B. coagulans spores at 115°C

D value
Heati
e;eldr;: Recovery media
pH PPAA(pH5.0) PPA(pH6.0) PPA(pHT7.0)
50 1.88 2. 69 2.54
PYG 6.0 2.46 3.25 2.75
1.0 2.65 3.65 3.3
PYG added 5.0 1.68 2.47 2.24
0.2 % citric 6.0 2.23 3.00 2.72
acid 7.0 2.175 3.60 3.3%

E ¥

B, coagulans ORTFORFRCIEHE. MFIEFOREMEIIT L T pHPEHRENEDSL ST

HwET I BRI LI



98

72 BOFEE pHICEFRL(ETFORMPMFL, 3 bo -Vt HEBELTRFRELTS D
5 4P ->TWVWA, Vo8, B, EFEE. 2 v o LB pHM(EW & & B TlEb I8
PMBEILICH. T HBRIZEL -, o, 7 v Eid pHE.O LI FH 5 B2 MEIL 12,
M EE pH 136.081#% TH - 12,

fFONz#E pH7.0 Tl < . TREOXEDHI L/ T BOFER pHICEERL BT
ORBHEEHIDIL. LHL, DEIZ2 o -t 2 I EENITVOT, FIEFHMBI Mo
=L T 3T Eb s to iz icEZEsHI L Bbhs,

X [
1) mMEsEM, hE=Y, HlFEET, kT @ &, 17, 65 (1987).
2) MEHM, BAHF, KOAHF: ki, 15, 128 (1983).
3) Murdock, D. I. : Food Res., 15, 107 (1949) .
4) Fabian, F. W. and Wadsworth, C. K.: Food Res., 4, 511 (1939).
5) Levine, A. S. and Fellers, C. R. : J. Bact., 39, 499 (1940).
6) Fabian, F, W, and Graham, H. T. : Food Tech., 7, 212 (1953).



