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Characteristics of Acid-thermophilic Bacteria
Isolated from Fruit Drinks

Yoshiaki Ikegami, Atsuhito Enda,
Tomoe Matsui and Kaoru Nakagawa

Three strains of acid-thermophilic bacteria were isolated from fruit drinks and then
their characteristics were investigated.

Because the growth of isolated orgamisms occured between pH 3.5 and 4.5 and
between 45T and 50T, they were identified as Bacillus acidocaldarius.

It was found that lactic, adipic, fumaric and acetic acids had inhibitory effect on
the growth of the spores in TYG medium below pH 5.5. Especialy, acetic acid was
effective for inhibition. On the other hand citric and malic acids had no appreciable
effect on the growth of the spores.

The median lethal time (LT«) of strains AC~1, AC-2 and AC-3 spores at 95T in
TYG of pH 3.5-4.0 were 3.0, 1.8 and 3.5 minutes, respectively. The D value of
strain AC-1 was 3.9 minutes with heating at 90C and 150#W -+ min/cm? with UV
irradiation.

A sucrose ester of fatty acids (SE;P-1670) showed strong antibacterial activity
against the spores of strain AC-1. The inhibition was affected with pH values of
medium. While the addition of 4 ppm inhibited outgrowth of AC-1 spores at pH 5.0,
that of 8 ppm was required at pH 3.5. These results showed that decrease in pH in
TYG caused corresponding decrease of the antibacterial activity of SE.

Key words ! acid-thermophilic bacteria, Bacillus acidocaldarius, fruit drink, identification,
organic acid, pH, sucrose ester of fatty acid, heat resistance, UV resistance,
D value

BRI 2B S A 8EmE LT, S Y, B, F L CHIE T SRS OMAR I e &
nELLAL. ZhbohT, MHAKOMAENL, T05KT%BKT 5 Byssochlamys %
Neosartorya 7e KD h ¥, &= LCHFRAZIZETA2HIE & LT FERMILEER T 5 5 Sporolactobacillus
inulinus, FEREHITH 5 Clostridium pastewrianum <2 Clostricium butyricum, 7 5 o b7 —
W T#» % Bacillus coagulans is EH 3 bns. L L, - CHEEND S pH OEWHIRT E <
R4 % Bacillus [BOHIFE, B HEFEEMERIC X 5 BRSO O BB D # L2 B4 A B ARG
Shiiiicic-Tuw3aY,
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TELSHHT DB TH - Tc. 22T, ZOMEIC &5 AR REMHOB WA -4+ 2 BT,
DA, FCHAIC B0 A, pH B X BRSO BEOER OGN, HUVHES
SOy afiEfEr AT O il oW TSR LoD T g4 5.

EBRMHEELUEE
1. {EREk
MABREB LU PET F bV GEREMERCE A S0 8E L1 AC-1, AC-2, AC-3 DA L
T

2. FEEOEMFHMR

LUFORERTIE, SO BE Lol % TYGHH (X2 F b D7 b v1.0%, BT+ 20.2%,
7 N 880.5%) *hT45TC, 2HIBIEEHE LT, Fibbiosiis A Missaes s LA L.

1) WEEEoRT RYRTbhv2g, 7 NUR0.1g, K,HPO,0.2g, fiifign Y v 40.1g %
FERLK100me v 58 L, pHS5.0Ci#s Lo & 50 L, 45°C T 4 B EBSEE, Skt -
THHRESRE ORI 25U L.

2) T A vOREE BYUXT bv2g, 7 FEUH0.5g, K,HPO, 0.5g #KiMK100mic
L, pHS5.0iC il L7 il 2 4ER L, 45C T AHEEHRE, WHEEH-TT 2 M YOI
fEa AR L.

3) AEA Y OMKGHE 2 (FREOWMIEKIE (HARBIE ; NA L0F8) & 10% iR 7L
EEE, SERERL, 10% 2 = vEER0.02% 107 B X Hicing, = b YIS LSESH L.
CHICHZEIKL, 45T T 4HMEEE, Wit - ThEA v OmKG xR % L.

4) ¥7FvOMKGMR NAEMICES F v 20.4% %ML, BEH, 10% 2 - vEE#0.02%
s kbwmz, <YM HELFERIK Lic, ThICE 2B L, 45T T4 AR, H#
IEKBRZHTFTLTES F v oumbd Ak L.

5) Y7 vomKkGH NAKMEREE "HEET Y 7 v20.5%8 kb Eome, 61
10% 7 = v jE%0.02% i A Ehicimz, FHRIC Lic. ChiciE%EEmeE L, 45T T 4B B,
NWT—NEEFFLTCT Y v ORdb a8 L, - TYEM (MY 7 v1.0%, B+
20.2%, pH5.0) o[ T v 7 v 20.5% i A ooz fo s 445 L, 45CT4H
MIEEE, VI A BEBWFLTTF Y 7 YOt 2% L i-.

6) INIA—AMLDH AP, H—F LEDA-T TYGHEA (pH5.0) AL, 45T
TIOHMIERE L, HAOELRREY R L1

7) BEofIH AR (YvEET veE=9 A0.2g, HALA Y 9 £0.04g, B~ Y% v £0.04
g, KBK100m¢, pH5.0), B (JeXKKd4g, HiKioome) #» @i, RAELTEZ I vE
W & 1mihnx, $I55CE THMIME, MAEAL CHE, S r Vs L. 2ok ok
i, Bl mdZz s, EiEET, ARAEK0.smAe e THELTHLALS
R F e, RM% G, 2 % OMR %I T L T45T TR L. 6 BRINIEHE, HoMm
DA % F M TS THZE LYIE L.

8) WimLOMMEA TY M (pH4.0) AMBEA0.5% 17 % & 5 1oz 7o B bt /e 3%
WA PR L TA5CCREE L e, 6HMIEIEHE, pHEWME L Ta v b o —v & O h 5 E
EJE.
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3. NEEMSERT S HEREOIT
e (AC-1) % TY 85 (pH4.0) B TYG (pHA4.0) BsHnc#26i L -0k o vwtig
ME TR OATEEE T2 (Shodex OA) # i L TATHEFEEH B #4047 L 7-.

4. NZYoBLVT T Y a—-ILORIRE

A=) v E50ppm BEM L2 TYG (pH5.0) 1= AC-2 %45/ L, 35°CC30HE#E L e #il
22T, EHBFRT GCMS-OP1000 2l LT, =) v KLU/ 7Y a—roEB%iT-
15i

5. SEEORTICETS pH & L PIREDKE

pH % 3.5, 4.0, 4.5, 5.0, 6.0 ¥t L7 TYG S % < 7/ % v FABET DA » /N4
(15mmg X 150mm) = 8 M3 2473 L, pH4.5LL FOSE2100T T105 M0 B E, £ oMbk
120C, 1557 MIOMBBE 21T -7, R HORMIC /2 10 @6 L, HEEKHE% M Tes
Ch5H55C £ 5 CHIBOMEE THHEE L. HESHISRERAYIC 5 R (BHR5U0 Baosch &
Lomb SPECTRONIC70) #{#ifi] L THHKEE (660nm) % JE L 7z.

6. FhAWHEOFREE

SrEEVE 3 BR A ERHESE R B (HKEBLEE ; SMA EFF.8) 100mic10% 2 = v/ [ 0. dmd % B (1 1o
Mz o (mSMA EFES) kL, 35CT7HMBE®R L TH B E . chaxtl
FHOKICRRE L, AEAHINa 5 A THE A8, 70CT105RinE, %#iE 5 CTTHRAe L.

7. FECRAEICEEIEEMGSRTE
AC-1 D # ET 5 B E OIE e s 42 Bt 5 0o, ME#H O SMA 100meic 4
LTCI0% 7 = vk L ONEAREA 0, 0.2, 0.4, 0.6, 0.8, 1.0mihnx o Bl CIRFOEH S5

- TR Bz NE Ui, B53EHRIEIL30, 35, 45 8 L UG5 CTITLy, il 2 L SEH H 5 3
TR 2 FE L e,

8. FNORFEL LUMHICE TS pH D24

AC-1D3Ffa%zEM L, TYGW 7 = Vg, Vv [k, FLEE (85% -92% THHDTI% &L
TaltFiLiz.), 7wkl T o vEr0.2% e, HEELLUKELS Y 2 A THED
pH VRS L e s 2 T/ L, MPN TR A FN L. ¥ 2BE20.24% LI To R
T, pH4.0 k6 LU pH5.0lc2WTR L L5 icalBa L.

9. FhaOmEAEx

AC-1 D% TYG (pH4.0) =, AC-2,30#x TYG (pH3.5) wM®L, “h#*
TDTHIC 1 mF >3 L, 32 asA—F—THEHE, 97T, 92.5CTHE LU0 TCiofE L-ER
Kb CRT BRI INEEE, 2 L, 35T THFE L. &M Z & 2 K3 2170, AR LD
LTe (WHIARH 2 Arh 1 A nshiisha) A e L.

¥ AC-1 D% TGY (pH3.5) ¥ L, Zh% TDTHEIC 1 m$ 248, I 4 a.i—
F—THEEB, 90C, 92.5TH LU9STTmEEE, Bm L, Zh% mSMA EEE 2 HEE
PEEFEIRI X - T35 THFE TllE L 7.
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10. ZFRADMEIMRIERIE X

AC-1 D4 MABRKTHERL, HIMEH5 Ay v+—LitAn, RiEi7 7 (GL15)
2 L2004 W/ cd OIBEETIGE L, #WEH S & P mSMA 24 L TR %k
THEL, DERFH Lo, BEIE4M335T, THHIT- . BB TOPCON D44t
HIREERT (UVR-254K) %6 LTlsE L.

1. ZFRRIEH T %S a B T X 7 LOIEEDRE

=Moo v 2 BERIGEE = 2 5 v (P-1670) ZPTEfiEin L TGY # pH3.5, 4.0,
4.5, 5.0/ % Licksihic AC-1 @A 1.8% 10 @R L, 35T, 20H[HE:3% LT ORI
DR RE L.

ERERSLUER

1. TEEEOEDFEHMIR

Table 12578 L1z 3k (AC-1, AC-2, AC-3) DO—RAVEYFAMIMIRE SR AR L
7z. Bergey’s Manual of Systematic Bacteriology® il ® Bacillus acidocaldarius v ¥4 L
TWwWhEFHEzbR5H, Bergey's manual IRl S h TV 2R IRTE LA E ND (FIHIHEES
F—ahicwn) THEDOT, TR IEN IR EELEL—BLTWADbE TiA L. T
YT DOMKG RIS, FLHLATV A MMOIFEEEE Y b ZoHRRkeS. Ll 3
tkoflici s, A—oWlflitEibhb. AC-1 OBEMBIFE % Fig. 1 1I2RiLk. 20
LD IR OFRZEB L, A, FREETHY, LrLIFBTHs0T, 2hbD AN
SO EEFNL B. acidocaldarius WAy A D ME Y LE L LR A,

Table 1. Characteristics of strains AC-1,2,3 and Bacillus acidocaldarius.

Item AC-1,2,3 B. acidocaldarius
Reduction of nitrate e ND
Production of acetoin i =
Hydrolysis of casein =T ND
geratin i ND
starch - -
Gas from glucose —i=— -
Utilization of and utili- acid* acid
Acid from zation ND
Arabinose + 4+ + + ND
Xylose ++ + + ND
Rhamnose + + + +
Glucose + + - + ND
Mannose +ott +
Fractose + o+ +
Galactose ++ + +
Lactose - - = =
Sucrose -WW W
Maltose gole s =
Trehalose + o4k -
Cellobiose + + + +
Melibiose -—-— -
Raffinose - -
Inulin e =
Starch -—— -
Sorbitol ——— W
Mannitol ++ + + ND
Salicin s o -

W; Weak ND; no data available * AC-1
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Fig. 1 Photomicrograph of strain AC-1 incubated for 5 days at 45 C
in mSMA medium. (x1,800)

2. FEEOERY

AC-1 250 L THRRT 547 % Table 2 10k Lz, BiAGER TV A TYGEHIC B
WTILFLEEN & R S h, (D CERRE 2 BT 2. iR E 2w TY Sl ci A ssin g
KT, ORI > TpHMR ER LA, Zhid7 vE=704Kic ks L Bbh 3%, #is
FEUCHEMWTONFERCE VT, L ER LT3 bmhrbbd, pHIZ ERLTWA.

Table 2. Analysis of organic acids produced by strain AC-1 in TY
and TYG medai. (mg/100g)

TY (pH4.0) TYG (pH4.0)
Product
Inoculum Control Inoculum Control

Citrate o | 1.4 1.4 1.2
Malate 1.0 1.8 1.1
Succinate 0.6 1.0 24

Lactate 1.9 5.3 127 4.7
Acetate 3.2
Pyro-glutamate 26.6 26.7 24.1 27.0
Propionate 0.7 1.0

Total 30.8 35.4 46.2 34.0
pH 6.15 3.98 4.38 3.97

Incubated for 72 hrs at 45 C.

3. N2V UBIVITVYa—-ILONRE
COHIEE IV — R GTHAR Y VORI LAY T a— LD EREBO T AT K
(2=, 2F+—n, Fhrr—n) hoO7ra—~OE bl EMNHEEShTLSY.
A=) YEREMLE TYG (pH5.0) TO AC-2 OHEEIT MR A R LI, ZhAxdhiLi-



110
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Fig. 2 Mass chromatograms of vanillin and guaiacol in TYG (pH5.0) media
added 50ppm vanillin after incubation for 40 days at 35 C.
A5 Inoculation (AC-2)
B Control

4. SYEERAOMA(CESTS pH S L UREDRE

AC-1 DRV F51F % 5535 TAIE & pH OBIR % Fig. 3 1ok Lis. EMIEE I pH $4.0-4.5T
50CTH A, ZopHIHIN THASTHITO S HAHIH L S\, EfpH ik & OfE T 4 pH
4.0-4.5( L TH -1, FopH6.0LL EH A WIES5TLL L THRRHARE S, 4HH O TR
Filfcmote, ThOOFERE AC-1HEFEETHD, L b THs 2R LTWS
Bacillus J& O IV TH2E O ML B. acidocaldarius DX TH Y, s - OHIE T
H5HTEREMTI.

5. ZERABCAIE DIETEEM
AC-1 OIFRIFTIIC B 5 3840 % SMA TfT 5 B4, HHEBOMETE L ORI & 1535
TS o34 Table 31Z/3 Lz, 27 vEEOHEIE, THNGEIT0.1% £ TlkFhiz S A st
LA, 0.02% M 50.06%, pHTIE5m 5 6 ORHT, 35THBASTHSERLWEELZLRS
L LIOEOY & pHA S Ficle b & 2 o = —FUE s Lz, #f - T, BFCEHE ﬂ«&ﬁ: i
do THRMEAENEST 285, pHAS L OMHTHNE, 7o v WGHESLLTL L
<, HAEME#35C-45CTRyET iz &L A EDF I, ML, 2 0=—%BlT5 &
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Fig. 3 Effects of pH and incubation temperature on the growth rates
of strain AC-1.

Table 3. Influence of recovery count of strain AC-1 spores on the

incubation temperature and addition of organic acids in
mSMA medium.

Colony counts*

Organicatid (%)  pH
HELE S 30C 35C 45C 55C

0.02 6.08 98 184 160 139
0.04 5.41 124 168 153 149
Citrate 0.06 5.01 153 160 160 147
0.08 4.77 120 143 147 107
0.10 4.59 120 150 131 115
0.02 5.87 102 160 174 170
0.04 4.98 118 182 176 118
Tartarate 0.06 4.53 91 147 136 110
0.08 4.25 94 88 117 69
0.10 4.05 50 58 83 56

*; Mean count of 2 plates
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6. FRORFIH LURHICETS pH OEE

AC-1DFROFEH ;5 L UMHCRIFT pH L ATHREO ISz > T3 L&, Fig. 4, 5
WRT LD, 22Vl v AR EAL Y bo—n LR ULERITHAN, FOMOFH
FeR iin Licy 6y, (S0 pH TIRFEFE L UM UM S h, = oMslR SR/, 7o v vk,
FLEE, 7~ NVEONITH 5. FricBEREIE Fig, 61075 Lic & 5 o ROROMEIZ R A 8R <, it pt
P TH pH HEW & FE3F S L USRI L < o - 1.
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Fig. 4 Effects of pH and addition of citric and malic acids on the
growth and/or germination of spores of strain AC-1.
—(O—; Control — A — Citric acid (0.2%)
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Fig. 5 Elffects of pH and addition of lactic, fumaric and adipic acids

on the growth and/or germination of spores of strain AC-1.
—(O—: Control — A —; Lactic acid (0.2%)
—®—; Fumaric acid (0.2%)  —[J—; Adipic acid (0.2%)
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Fig. 6 Effects of pH and addition of acetic acid on the growth and/or
germination of spores of strain AC-1.

7. Fhaomm#Et

AC-1, AC-2, AC-3 DIfadiit#ifkiL Table 4 ILRT L1512, 95CItBt 5 LToh, *+h
£03.0, 1.8 L U3.557 Th e, MBWAO pHM D LRI 55, 3Bz
EREhEI et ZEE—BOFERED/NEL 6 CHIBTH 1. ¥1- AC-1DFEBD
Dffiix Table 5 iZ/r3 kL 512, 90, 92.5% L U95Ciz 105 DIfilt, FhEh3.9, 1.95L 0
0.77Th-le. OO ZAHIZT.4TTH - 1.

O L5 Z OMIE O EEIZIER G O T, PEMB OGS OBELIEE LTED S
NnTwa, pH4.0KEDYED65T, 105 A%E LU pH4.0LL 4.6k 4 D85C, 304
HOBRETHIER Lic.

Table 4. Median lethal time (LTs) of strains AC-1, 2, 3 spores in
TYG medium.

Strain Heat medium Temp.(T) LTs (min) Z(T)
90.0 21.0

AC-1 TYG (pH4.0) 92.5 8.0 5.7
(6.5%10°/m) 95.0 3.0
90.0 10.0

AC-2 TYG (pH3.5) 92.5 4.0 6.5
(1.5%10°/mQ) 95.0 1.8
90.0 20.0

AC-3 TYG (pH3.5) 92.5 8.5 6.5
(3.8%10%/md) 95.0 3.5

Incubated for 30 days at 35 C.
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Table 5. D values of strain AC-1 spores in TYG (pH3.5).

Tem.(T) D (min) Z(T)
90 3.9
92.5 1.9 7.4
95 0.7

Incubated for 7 days at 35 C on mSMA.

8. Fhami UV HERIE X

AC-1 DRI #T A58 E OB, ThiEEmubo Tk, FRHE20%EH s 5
VBT Table 6 12553 & 912150 Wemin/cd C, {BOZER & 2 i3 &k &V aEiEd -
5 ol

Table 6. D values irradiated with UV for spores of
strain AC-1 and other species.

Bacteria D value*
AC-1 150
S. inulinus 58
B. subtilis 185
C. botulinum (Type A, B) 250

*, #We-min/cm?

9. FMICHT D a el T X T IILIMEEORIE

AC-1 Ozt 5 o o fEfENE =~ 2 5 v (P-1670) OF#IE, Table 7 icmd &5 iz pH
ks> TEOBEIE R, pH3.5TIE 8ppmbl E, pH5.0Tik 4 ppmbh LTHEF, A
IEL, pHAMEWIREBEFAZES 28 ANED R, Zhik ZoME B FREERTH S
HEFiLbns.

Table 7. Effect of pH value in TYG on antibacterial
activity of SE for strain AC-1 spores.

P-1670 pH3.5 pH 4.0 pH4.5 pH5.0

2ppm ek
3 + + =
4 + + + - - -
5 + + + == =
6 + + + + ==

7 e

8 ke i —

Inoculum; 1.8x10*/10m¢
Incubated in TYG for 20 days at 35 C.
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Cid #

HIEOREME 2T s A & LT B. acidocaldarius OFLIE A58 L. Z 041
ORFC BT AEHpH R A FETH D, LrbEEREISTHL0CTHEZ Enb, i
HotFeEETH 5. COMEICE > TER L REREHI AL ZL, o <=Y v 25ML
TYTYa—n%ELETHOTHENREETS.

ZOMIEOFC 4 5 pH S HEEEO R, BEEE, T UV VEE FLEE Tl nt
pH 5. 5L F TR I3 5. SR ERAE LIRS 0 L CIER e Rz i mids 5.

pH 3.5/ 54.00 TYG $5tirbic k513 5 #1290 T T104 /1 H200 BETH 5 DT, FIEK
oMM OBREEETIZER LicWLWEER S 5.

fif UV iz 2o0nTid, DEA1504Wemin/cd TH % DT, oM Ll L TRSRETH
5.
voa JlEIEE = A F OB, pHIZ X W Fo4Bis R h, pHAE W CHEER 253
B AMEGHH Y, pHI3.5TIE 8ppmbl E, pHS5.0TIE 4 ppmbl FTHR3E, WAL 5.

GC-MSHISEAR LT\ o iAo 50 2, B X OB~ LT i w28 T
FEROREREIC N L.
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