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The Growth Risk of the Thermoanaerobacterium sp. in Tomato Products

Haruna FUJIIKE', Masao KOBAYASHI

Kagome Co. Ltd., 17 Nishitomiyama, Nasushiobara, Tochigi 329-2762, Japan

In this study, we investigated the growth risk of Thermoanaerobacterium sp. in tomato products
which has not been clarified in previous study excepted for tomato juice. As a result, the growth of
Thermoanaerobacterium sp. was not observed in various tomato products with refractive index (RI,
index for soluble solid content concentration) 8.0 or more, and pH 4.2 - 4.6. On the other hand, the
growth of Thermoanaerobacterium sp. in modified TGC media of pH 4.2 — 4.6 was observed in the
range of RI 8.0 but was not observed in the range of RI 19.5 or more. These results suggested that
there were other growth inhibitors of Thermoanaerobacterium sp. in tomato products besides RI.
Therefore, we investigated the growth risk of Thermoanaerobacterium sp. by adding organic acids
contained in tomato products, citric acid, malic acid, and pyroglutamic acid, to a modified TGC
medium. As a result, when citric acid alone contained more than 0.52 %, no growth was observed,
and the coexistence effect of organic acids was not confirmed. These results suggested that citric acid
contributes to the growth inhibition of Thermoanaerobacterium sp. in tomato products.

Keywords: Thermoanaerobacterium, tomato, tomato products, citric acid, growth regulator

1. #%

il

N2 b (Solanum lycopersicum) 1%, MBRIZKIT 3
2020 FDEERBA B LZ 1188600 H + v &, HRET
REZSAEEINTVWEIRIENO1DOTH S [iIl. A8
FHELTEHEBIATHSEY, P IR—=2Z}F, 2
Pa—Lb—, P P2 —ALBEDFT MITHD
PEBTEHRERBLTVWSE, ZhbDELTERRBET
b, IhETIZZDORBRED = OWAE Yl fE
TOWEIEDENRTER. HlZIE, PP a—2
ORE S HICBE L TIE, 1950 4 12 Becker and
Pederson i2 & - T, pH » 4.4 T d i, Bacillus
coagulans PERFREETH 0 [1], 121TC, 0.7 5 H
BREMCTH 2 e BBEBEATHE[2]. Zh B,
PHOHELEILHTAMELED LN THE D, 2015
FIZREBIZE - T, pHA 44 2B 2T, &
BYEIFEHEE T B B Thermoanaerobacterium J& % X E 5t
REMEL T BEE H»ITH N I[3]. Thermoanaero-
bacterium JBOMMBEFRE FMH13 121C, 150G L& -

(2ft 202242 A 15 H, 2®202245H 12 H)
T 329-2762 MiARRIEURR TR L 17 FHib
Fax: 0287-39-1038, E-mail: Haruna_Fujiike@kagome.co.jp

T Y [3], Bacillus coagulans LIBT3 &, HBAH
Hiiths., 7, FER b~ OMBEFREREHEN
Rk B L, ALY PERTREFRERRED
Bacillus subtilis group X° Paenibacillus sp., mimE D

It

Geobacillus sp. % Bacillus sp. % Paenibacillus sp., B
SHEE D Thermoanaerobacterium BH L  DEEX 1,
[EA b= ERNCI Bacillus subtilis group <2 Clostridium
butyricum N EHEE TOB T\ 5b [3,4]. X 51T,
ZhEDDEREDOHRTE, Thermoanaerobacterium J&
W, EEMNY MY - 2E6FOBREROFERHEE L
LCHEENBD, £/, ZOERLEZI Y 2—
ADpHIZ 44 B ETH -2z Z LB Eh T3 [5].
Thabb, pH44 M ED P = b Y 2 — 2 T,
Thermoanaerobacterium BIXEHE ) 2 785D, &<
KHEBTREZMEME LTREEN TS, —FT,
FebtPa—2PAO s VIILSE (b b X—=2 b,
PP E2—VL—&E) ApH 44 Y LOFEET, +v
Y 2 =X LR U &S & Thermoanaerobacterium J& D
BEEHERTIPEIAHTH S, t MILEOFT
BT RE (Refractive Index : BAF, RI &&F) 28
BV, RICEFALTr MHEERSEE 8E<
% 5728, Thermoanaerobacterium @5 b < b ¥ 2 —
AHERBESEFEHESTILETHRIND.
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22T, AT, vtV -xUSO v P ES
1235} B Thermoanaerobacterium JBDIEFE ) X - % B
EZTHIELEEEBEL, RIOERLS b~ MG %
A&, & LT, Thermoanaerobacterium & 0D B8 5H 3F1H %
fifofz. ZLT, ZORREEC, BHEHEEFORHF
EEERL, BILL /-

2. ¥ B H &
2.1 HPBLUHFOER
2.1.1 HEE%

1) Thermoanaerobacterium thermosaccharolyticum

ABRMEBEABAGECAFE Y PL I ERBRTE
# 2 # (5609[6], 5616), Deutsche SammLung von
Mikroorganismen und Zellkulturen (LT, DSMZ &
F09) SRRk Lk (DSM571), & T x#A&#t (BT,
HaA (B L) BEIA LY —-RXDSHEL 1
B (B305), H X (k) k-0 b= bEREK D HE
L 7= 6 # (B532, B533, B534, B535, B536, B537)
DFE 10 #.
2) Thermoanaerobacterium aciditolerans

DSMZ &tk 1 # (DSM16487T), 71 T X (Bk) A3k —
b MERE D EEL 72 1A (B640) DEF2 #E
3) Thermoanaerobacterium sp.

HIARX (BR) Brbv b Ea—-V-FHB&0oEEL %
10 # (T2, T4, T5, T7, T9, T10, T1l1, T12, Ti4,

T15). 16S rDNA DA E# 1.5 kbp 5 5 D 5' HlDFy 500
bp DHEMDODNA L — 7 v AEEEL =4, WFhe
FE R FEE.

1) ~3) D& 22 E#R% Table LIZE L TRT.

2.1.2 pHIREMT FMERKDOHEH

1) b~ MG OESE

Aot L7z b~ FPELRIE, RIOE K 3 46
ERE L. BEZ WRORERGR» 5, “hT
A M2 b Yo - ZABIGERM 720 mL PET” (MUF, b
PP a—-2EELT), P2 —-V—-D—FETH S
“MESHSITL I 205 g (UT, BEHL5TL
b b &Y o2 XEHFHAESE2SIE, bbb
Va—-L—DO—FTHd “haANNY—45F /)0~
¥ ARYTE 25 kg " (MUT, be bty —x&i
), AL PR—X DM CB (=L FTL A o8
) MLOE45kgm” BUIF, be bxX=2 L EFET)
EHEEL .

2) b bR—2Z bFEFEOMESL

1) TRLAEMZ PR—2Z M EFREATERL, Rl %
6.5, 8.0, 19.5, 24.0 IZFHEE L 72 b v b R— 2 M FIRTE 4
FEMEAERIL 7. b b= &K 4 TESIZ, RI6.5
WBHEAZAP2 R, RIBOIB b= ¥ 2 —L — (JAS HM%
TOFRE), RI195E b2 ¥ 2—L—, RI24i+
v hR—2F JASHEBTOTIRME) #8ELTED,
AT b PR E LTRELTS

Table 1 List of 22 strains used in this study.

Strain Strain No. Source
Thermoanaerobacterium thermosaccharolyticum 5609 Canned asparagus
Thermoanaerobacterium thermosaccharolyticum 5616 -
Thermoanaerobacterium thermosaccharolyticum DSM 571T -
Thermoanaerobacterium thermosaccharolyticum B305 Canned white sauce (expanded)
Thermoanaerobacterium thermosaccharolyticum B532 Canned whole tomatoes (expanded)
Thermoanaerobacterium thermosaccharolyticum B533 Canned whole tomatoes (expanded)
Thermoanaerobacterium thermosaccharolyticum B534 Canned whole tomatoes (expanded)
Thermoanaerobacterium thermosaccharolyticum B535 Canned whole tomatoes (expanded)
Thermoanaerobacterium thermosaccharolyticum B536 Canned whole tomatoes (expanded)
Thermoanaerobacterium thermosaccharolyticum B537 Canned whole tomatoes (expanded)
Thermoanaerobacterium aciditolerans DSM 16487 T -
Thermoanaerobacterium aciditolerans B640 Canned whole tomatoes (expanded)
Thermoanaerobacterium sp. T2 Pouched Tomato puree
Thermoanaerobacterium sp. T4 Pouched Tomato puree
Thermoanaerobacterium sp. TS5 Pouched Tomato puree
Thermoanaerobacterium sp. T7 Pouched Tomato puree
Thermoanaerobacterium sp. T9 Pouched Tomato puree
Thermoanaerobacterium sp. T10 Pouched Tomato puree
Thermoanaerobacterium sp. Ti11 Pouched Tomato puree
Thermoanaerobacterium sp. Ti12 Pouched Tomato puree
Thermoanaerobacterium sp. T14 Pouched Tomato puree
Thermoanaerobacterium sp. T15 Pouched Tomato puree
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3) pH & = b ELE O FEE

D2YD < bR EFSTEBEEAZN TR by I —
¥ (061-11200, 77 & b) ISEBEAEL, 6.0 MK
Bk b Uy 4 (198-18865, B 7 14 L AFIKHEE)
#FRWTpH % 4.2~4.6 OFHE THRE L~ (UT, pH
FEEreMEIFEET). b bEIE O pH &L X
BE5HFEELT, M MREANRSEZZANY I —H
WEMERERAS T Y F 4 ¥ — (EXNIZER400, # v
H ) IZEREL, &M% 260 rpm, 1 73S L TRA L.
ZpHHFE b~ b B4 4 50 mLE KRS (2345-050,
IWAKID) 2 ARIZ40g o0 EL, BEEARE ST 7 4
v (128-04375, BAF(LZEE) #@WRFEML 7.
2.1.3 RI- pH HEEBO/EH
1) R

B TGC ¥ (BLF, mTGC & &) - B ARKBISEM
%1 (05629) #Fw, HHBICKDHFAE, WHELZ.
2) RI - pH FREEIEH DO ER

mTGC @ RI % 31T 3 -0 IC Bk bl (REESE
D WEWERE F-55, ¥ ) &V B (BT,
BRELEY) 1F, A b~y —HRBIEESEL 2.
INFF U E Y-8 =32 (TR-3, 7X9 V)
ERAL, IERE (80C,104) L7k F— b —
7 (LSX-500, b I —¥§L) TWE (121C, 154) L
BRI mTGC # WEMMA, 5ICHEELARML, R
% 3.6 GR#E) |, 6.5, 8.0, 19.5, 28.0 D 5 FIEIZHREL
7= (DIF, RIGREREM ). RIFAEEHSEHD
pH # 2.1.2 THENE L 7z pH HE L [H—DFH T, pH 4.2,
4.4, 4612 L 7= (LIF, RI- pH B L 09).
# RI - pH 3G % 50 mL ERE 2 K12 40 g 04
HL, REBEAREY/ ST 74 VEBERIOL 2.

2.1.4 FEEFEMRI 8.0 - pH 4.6 AT OES
1) fERREH

2.1.3 L RIMORE A HH L 72
2) HHSEEYRIN RI 8.0 - pH 4.6 FHEEEHh D FEHL

2.1.83 TEMEL 7= RIFELFE—DHET, mTGC I

WREAVRIMUTRI % 8.0 1L~ (LT, RISOH
BEME ). X512, RIS8.0FHEREMO pH # 2.1.2
TEBLZpHFABLE—DFHET, pH 4.6 ICF{EL
7z (BAF, RI 8.0 - pH 4.6 F#EEZH L E9). RI 8.0 -
pH 4.6 FgRMIZ, 7 T Uk (038-06925, EL7 4L
LAFEHSE), Vv I (136-05215, B 7 4 L AF
YeAH), Yusix I vEg (P0573, HIEILA T3)
D3TEEOERB AT, bvbR—2 L+ (RI 28.0)
EP2bR=2Z2 FHERE (RI6.5, 8.0,19.5) DEEKBE
EERBLEASRICAZ IIICHFEMLZ. 512, RIS.O-
pH 4.6 JARIEHIZ, s V@ + ) VT8, sV
YasLa IV VyIdB+YusLzIvEBEo?2
BETOO#HAEGHLET, FPv =2} (Rl 28.0)
E M MR- 2Z MR (RI6.5, 8.0,19.5) DEWEE
FEBLASRBICAA XS ICHMLUZZ. RI8.0 - pH 4.6
BEMANDERBAEME 4L Table 2I12F D TART
(LIF, AHEERIRI 8.0 - pH 4.6 B & 307).
HM3XaL 2@ET>OMAELEIXS, d6 KX
SOBERBERINRI 8.0 - pH 4.6 AR 4 50 mLEML
BTN g T O0HL, BABAREG X774 Ve EE
WL 7=,

2.2 #HHEKOHARAR
1) fHEEEH

WEPE2¥WmE M- Y T+ v (211705,
Becton, Dickinson and Company) 5.0 g, B¥RFT % 2 5.0
g (8344948, Becton, Dickinson and Company), L- ¥
AT A VGBS (039-05274, BL 7 14 L LHI
FAHK) 0.5, TR (010-08725, Bt 7 4 L LHNEH
#) 15 g, WEHILY YL (07050-00, BIRALZ)
100g &K ILICERL, —2—-V-5VFETS
T ) =V E—2 (H—FLVy8V) 3~4{H% A
NzAUORRE (B 16 mm) 2 10 mL §¥ 248 L,
ZhE 121°CT 15 SRERE L = 7).
2) WO

2110 2@ KA NEPE-2 M REHICETL,

Table 2 Addition rates of organic acids.

RI 6.5 8.0 19.5 28.0
Citric acid 0.42 0.52 1.27 1.83
Single Malic acid 0.07 0.09 0.21 0.30
addition
Pyroglutamic acid 0.23 0.29 0.70 1.00
Addition rate Citric acid 0.42 0.52 1.27 1.83
(%) Malic acid 0.07 0.09 0.21 0.30
Mixed Citric acid 0.42 0.52 1.27 1.83
addition Pyroglutamic acid 0.23 0.29 0.70 1.00
Malic acid 0.07 0.09 0.21 0.30
Pyroglutamic acid 0.23 0.29 0.70 1.00

© 2022 Japan Society for Food Engineering
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55°C T2 AR, Bf&ssE U7, bk 22 Btk % 1HT#,
EREEREEAT —ETIEL, 50 mL#EREBEIL,
L4 EE (10,000 rpm, 547) L7z, ELO4EEH%, LW
AREL, AHEAIEK (0.85%) 10 mLiEML 7=, 1l
L7HBEE—ICT 572018, ALF 92 3FH—
ARAGTREAL, R T-20CTHRE L.

2.3 HEEKOEKER
1) {HFEEH

mTGC FEREEH - mTGC IZ B KA EBE S 1.50% 12 7%
X5, BECL0AYE REL -
2) WO EE

2.2 THEL 72 22 BHROE R 4 mTGC BXRIZHIZ &
HZEFRICLDBFEROFERARE U2 BESKEE,
BT T55C,2 HRTH 5. B 22 Btk DB A B,
A AR (0.85%) & VT & 22 Bk O EIREE % 1.0
X10*~1.0x10° cfu/mL & & 2 REICEIEE L 7=, S L 2~
% 22 Bitk%E 2 mLORELL, 100 mLEEE CEIY,
Thermoanaerobacterium BORBAE R AEH L 7-. &
12, 50 mLEMEIZA40 g T2 ELTHBEY VT
(pH 4 b~ 845, RI- pH 355, AHBEREMN
RI 8.0 - pH 4.6 FE&ESH) 1272 R FH 100 L TOES
B EEEL, BRTT55C, N 1EM~1 » B
FL7 REROBEREIZ 25X10~2.5%10% cfu/g
Th -7z

2.4 HIEFERD /- OEFHE

BAREEEEAOKZY v 7 (pH#FE L v P ELE,
RI - pH #4854, AHEEARIN RI 8.0 - pH 4.6 3R H)
M6, HEHM1BR~1» ABDS 5, 2~4 BRI
D720, 1 mLEHEL, mTGC ERIEMIZ & 3Rk
RERLE. BRERIZ1~100/{ 6 U, BEELEE,
BT T55C, 2HBTH 5. B3R, FR1KEN-
Doz —530~300 BDOEMHIZH 2P EBEIRL,
ER R I oo -4 HETHAIL - Rk
R ORFEFRERD 2MOFRDO 3 v = —KOFEE
FEML, Z2UEHFEEEZELCT, AR lgd20D
oo —-KEEHL .

2.5 EHBI R
P b R—Z b ABHEARICTI0BHEIRUZ (BT,
I0FEFER I P R=—2 b EREET). BILFIZ 10EFR

P b R—Z & 1IOmLEFEL, 10mLO P TF N 12—

T (14134-73, BARALEE) #M0%, 2 HEIRE L 2%,
HEOSBELAETREE2AMMICEHRLZ. KRF 4 AR~
FTALL Y)Y DT 4 NF— 045 um (25CS045AN,
ADVANTEC TOYO) i THE®RL, 74 AR—-F TN
VY Hy 7T A (501-004, SHIMADZU GLC) 24
wEL, SWREEIZEy F LU GHEBIE, 154
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(C610H-S, GL Science) #EH L=Hx/ 4 7 751l
DEERAK s < + &5 7 (HPLC) L-7000 2 & F s 72,
WEZ i, BEMHEIZ3 mMBIEZE®R (160-05755,
SHIMADZU GLC), K/&#!Z0.1 mM 7o EFE—NL
T — (027-03052, B+ 7 4 L AFNHEK), 15 mM
Y VBRAE T MY A (197-02865, BE T 4 L LA
FHEE), 2 mMAKERILT M) Y AEFRL, BRI
@M, RS E 812 0.5 ml/min, MEH K 440 nm, »
 H¥EE 50C, BRHEAR 10~30uL & L 7.

3. BRHLUEE

3.1 pHBEEBIIHRLCHEITD
Thermoanaerobacterium BDIEHE) X 7

212 CEML7zpH#HE M~ M B F 8HEME (bo b
Va—RA, te Sy —&, BESLITLMTL, b
v bR=Z b+, b2 IR=-Z FFRERI 6.5, 8.0, 19.5,
24.0) 1ZDWT, Thermoanaerobacterium JBDIRSH IR
(7.8%10~1.2x10% cfu/g) #EML, BEK T T55C,
W1y AMREE L. B2, B 1IEB I & IKE 4,
B AMR T2 -DIEHBE+#EEL 2. ZO/KR
% Table 3IZR%. b= Y a—2A (RI57) T, pH
4.50, 4.55, 4.60 DX 5T 1.0x10° cfu/g B EOHE 258
ah, BELAFEKLD SEML Tk, HIEH?HE
BENF 72, b bR PFERBICBWTERI6S
DE DT, pH 4.55 T 1.0X10% cfu/g PlEDE 23 #
h, MENHER SN, —F, BRENI LIZRIS0
YED < bEEIE, pH 4.2~4.6 TEAKRE I TE
5%, BESHER I NG, 5 7.

RI 8.0 Ll LA pH 4.2~4.6 D b < | BL5 THE5E T
RINLro7-EHE LT, 1) BEWRIBELHICX
3 REREHIGE, 2) b b EREIC & B EMEHIE, 2
DOREZELOND. ThoERIETS7-0HIC, b M8
DR b DI, Thermoanaerobacterium J& 7 ¥ 5 0] f
TH3HAMEAOEM TS 5 mTGC %= HVT, Rk
DFRBREEBL, b~ FEROBREE KL 7.

3.2 RI-pHREAREMICEITS
Thermoanaerobacterium EDIEIE) X
2183 CA U 72 RI-pHM % 5 i D T,
Thermoanaerobacterium JBEDRATE W (4.0X10° cfu/g)
AL, BT T55C, W1 » AREEL 2. ks,
¥WIEMZ L ICEH 40, HHEEHERL T 5 72 0 IZ B Bl
EEEMLUF-. ZOERE Table 4i2/7F. RI-pH
B2 I5 T, RI 3.6~8.0 »D pH 4.2~4.6 D& T,
1.0x10° cfu/g L EOBE B S h, #BRELZEKLD

AWML T, MEAERX A —F, R 195~

28.0 5D pH 4.20~4.60 OHEPHTIZ, HEL 2EHEL L
DEIIMI EN T, HENHEE S W ar o7
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Table 3 The bacterial counts (cfu/g) in pH- and RI-adjusted tomato products inoculated with mixed Thermoanaerobacterium

suspensions
noukou
Sample t('m.lato tomato paste dilution tomato aragoshi tomato paste dilution tomato
juice passata paste
tomato
RI 5.7 6.5 8.0 9.0 15.1 19.5 24.0 28.0
4.20 N.D. - N.D. N.D. N.D. N.D. - -
4.30 N.D. N.D. - N.D. - N.D. N.D. N.D.
4.40 5.8%10 N.D. - - - - - —
pH 4.45 — N.D. - - - N.D. N.D. N.D.
4.50 >1.0x10%* — N.D. N.D. N.D. N.D. - N.D.
4.55 >1.0x10%*  >1.0x10** - - - N.D. N.D. N.D.
4.60 >1.0x10%* 7.1X10 N.D. N.D. - N.D. — N.D.

The bacterial counts are the maximum values during one-month incubation.
N.D.: not detected (less than detection limit, 30 cfu/g), — : not tested, *: classified as proliferated in test

Table 4 The bacterial counts (cfu/g) in RI-adjusted medium inoculated with mixed

Thermoanaerobacterium suspensions

RI adjusted medium

Sample
RI 3.6 8.0 19.5 28.0
4.20 7.7x10%*  3.9x10°*  5.9x10°* 8.2x10 8.7%x10
pH 4.40 32x10%*  74x10°* >1.0x10**  4.9x10 6.5%10
4.60 83x10**  21x10°*  3.7x10** 4.2X10 3.5X10

The bacterial counts are the maximum values during one-month incubation.

*. classified as proliferated in test

AT ORI 19.5~28.0 D pH 4.20~4.60 DFl
ETHEAEREATOANI LS5, RIDE X L
7€ pH FHI% A Thermoanaerobacterium & O B8 Hl4 ©
—[RTHBIENRBRI NI

F/z, AHERESITEELZM VEIRIZHIT 2
FED 27 DOMRE KT S &, Rl 8.0 RI - pH FigH;
MTHEBAER I -0 LT, MEURI 80TE b
VIER—-Z P HERETCRBEESER S e r o7 Z
i, r rMERRIZEEFRATHBRRIS,2D MY MH
RE G NEEEIHEFE L b TVB I L ERE
LTWw3.

3.3 MY MHREOFEBRIN
Thermoanaerobacterium B DEFE A FIM L T3 b+
v PHERRDEHET B LT, k26, HBEBIH
BHERTZERMOENT VNS4 [8], b~ FEFERHNC
BENTVIHEERBICEELZ REMY MIEER
TWAERBIZ s Vi) v ITBO2TEETH 5 [9].
Tz, P MIEGERTWBRILE I VIdNEE T
ZLEBRLEh, AEBTHIER I E I VBRANEL
TARILEBHONTEHEY, MELZ M MPIITRICE
Fhd[10]. 22T, AR THEALEZ P PR=2
M (RI 28.0) oy vEk, VvIB, ¥YusLzziy

BOGHBEZHEL-. ZOHE, P IR—-Z}D
BERBEFRIL, s VBR1.83%, )V IT#R0.30%,
YusLa IVER1.00% Th-7-. 7, Rl 6.5, 8.0,
195 B LZ b P R—Z2 MVERBEO S EHEESH
EDEHEIE% Table 5 12777,

P FPELRISE TR TWS TR D5 O HEER A B TE S
WMEAFTHBERETS L, 1) ARBOVWThrHE
MCHEREET L UTREEL TW 3545, 2) AR
BEETHI L THBEHERTFE L TEREL T35
B, D2DODOUBERZLIEND. Thb%#RIET 5
72812, RI8.0 - pH 4.6 FIEIEHIC K HRB A HM, F
i3 2 FEEERI ISR L C 3.1 & 3.2 & [Al— D3 5EHE
BB AFML -, &, RI% S.0ICEHEL 28 kII,
P MR TEMEARY SNk s 5728, mTGC T
BHEARDON-LBTHE2D, t FERFOD
FERBOOTIANHEEHMEETE U THEREEL T3
RHER TS5 L TCREOFHEZELONELLTHS.

{f

3.4 HHERMN RI 8.0 - pH 4.6 HEEHICHNT S
Thermoanaerobacterium BOERE) X

2.1.4 TEEL 7-FHIRAN RT 8.0 - pH 4.6 ARSI
DWW, Thermoanaerobacterium BmODIRAE R (BH

BRI © 1.1X10% cfu/g) 2L, HK T T5C,

© 2022 Japan Society for Food Engineering
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Table 5 Contents of organic acids in tomato paste and its dilutions.

Content (%)

Sample RI
Citric acid Malic acid Pyroglutamic acid
tomato paste dilution 6.5 0.42 0.07 0.23
tomato paste dilution 8.0 0.52 0.09 0.29
tomato paste dilution 19.5 1.27 0.21 0.70
tomato paste 28.0 1.83 0.30 1.00

The contents in the tomato paste are analytical values while those in the dilutions are the
calculated ones based on those of the tomato paste. .

Table 6 The bacterial counts in the organic acid-added media inoculated with mixed Thermoanaerobacterium suspensions.

Organic acid Content  Bacterial Content Bacterial Content Bacterial Content Bacterial
s (%) count(cfu/g) (%) count(cfu/g) (%) count(cfu/g) (%)  count(cfu/g)
Citric acid 042  >1.0x10%* 052 7.0x107! 1.27 1.1x10 1.83 4,0x10?
;Eﬁﬁ; Malic acid 0.07  >LO0x10°* 009 >10x10%* 021 >1.0x10°* 030 7.0x107"
Pyroglutamic acid ~ 0.23  >1.0x10°* 029 >10x10** 070 >1.0x10°*  1.00 1.2x10%*
Citric acid 0.42 0.52 1.27 1.83
6x10** 1.1x10 45x1071 4.5%10™
Malic acid 0.07 1 0.09 0.21 0.30
Mixed Citric acid 0.42 s 052 o 1.27 o 1.83
» >1.0x1 6.0x1 7.5X10 1.5X10
addition Pyroglutamic acid ~ 0.23 0 0.29 0 0.70 1.00
Malic acid 0.07 S 10x10" 0.09 S 10x10* 0.21 Lax10%* 0.30 6.6x10
Pyroglutamic acid ~ 0.23 ) 0.29 ’ 0.70 ) 1.00 )

The bacterial counts are the maximum values during one-week incubation.

*: classified as proliferated in test.

FBEMBERL - BEP, WIEJLIiCE2M, 5B
FEAMERR T A -0 ICHBIIE 2 EBL 2. ZORKRE
Table 6 (2789, HHEETIIRI 8.0 - pH 4.6 FARERTHIIC
BT, BITOHRMTE, s VB042%, VI
B 0.07~021%, Yus L& 3 Vi 0.23~1.00% D#iHE
T, 1.0X10° cfu/g Y LOESBRE X h, BEL -EK
LWL THy, BEIERIN- /-, 2HE
FEORIMTIE, 72X VB042%+ Y ~ T#0.07%,

ST VBE042% OS2 I VE023%, VY T
0.07~021%+¥ L& I VE0.23~0.70% DHFE T,
1.0X10° cfu/g U EOWEARE X h, BEL-EELD
WML THy, MWHELAERE N —F, AHEO
Bl 2 @ERRRMOWTRYE, o /B 0.52%
PT3535, BRELAFERY EOFIZ
BH XY, HESERI o/ 72, BMT
DY IEE 030%RMLAZEES, BREL BRI L
OEEMM XY, WHEIHERE W r o7,

RI 8.0 - pH 4.6 FTHEIEHIZ b~ b X— X FFRE (RI
80) IZHEENTWB IV (052%, Table 5) &%
BU LD 2 U BERNT 2 Z & THEEIHIBFX 1T
Enb, T VBRIGHMEEARFE U THEET S 2 & a8
birolz, XoT, 7T VBORYYUEEHEEATNS
#MBFATH L, b= PR TEL TY Thermoanaero-
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bacterium BAEEFH L BT EARB X 7.

£7-, RI 8.0 pH 4.6 Fukigiz, < bX—2A+F
ik (RI8.0) IZ2&ENTWB Y I (0.09%, Table
5) HLU'us g I VB (0.29%, Table 5) 2%Zh
FhEMTHEERML TS, HEIHETE THAEN
ZEhh, VyOdmeru sz 3 B EMmEERE
FTTREWZ EBDbAr o7z, EL, VY IBIZBL
T b~ PEIRIZK T 2 BHIBEIRF TR AW D0,
RibhOEHED 0.30% M EThhiL, BEIEAHIE X
hTnwazehrs, VyIABOIORLEEREATY
BB T HIUL, Thermoanaerobacterium JBHEHE L 7
WZ EHRB I

Wiz, EHBRIEFETZ L THELHBL TS
PIZDOVWTHRE AT -7, 2T VBBIZBIL T, 052%
P EFET 3B BEMHEIEET T & UTHREET 52729,
0.52% KFOMHEIK CHARAEMRAL 7=, ZORR, 7
IVER042%+) v TEE0.07%, 7T UEE042%+
U IVER023%DEL S MESER S N

B, XESHRTEWI ENbr o7 /o, VU ITE
t¥nusua I vBORXEHRICEL T, )y O@

25 0.30% LI ETHIERI ML E DI &2 5, 0.30%
RO THREFHREMWREL 2. ZOHR, VoI
B 021%+¥as g I VEE0.70% TR, R S h



b P RBOWMAEY Y A & FFl 61

7228, XEDRIENT b o7

4. #&

#

RIDE%L? v MR STERAENRIZ, pH 4.2~4.6
DHFE T Thermoanaerobacterium BDIEFEY A 7 % FH
R7=&ZA, RISOLESLDpH 46LLTFTD b~ MELE
T, WiHELAa» -7 ZOERELT, 1) HWRI
BRFEAM I L AH5ERIE, 2) b MERESICL B
FEEIE, O 2 DODRIEE ST 7.

CTORBRERIETS-DIZ, P MEIRORDbDIC
Thermoanaerobacterium & CHFH E N B KM TH 3
mTGC O Rl & pH % FEE L, Thermoanaerobacterium
BOWHEY 2 & % ~N7=L T A, R 19.5 Y 4D pH
46 YT ORMEHFTEIEBE LA, 7=, T&bb, RI
BREOEFIZKRZLAFEARETHFOOLDTH
D, RI 195 k2D pH 4.6 U TOEREFTH NI,
b bEHZOELE Th { T4 Thermoanaerobacterium
BOMIEY X 21BN EBRBE R 7, R 8.0
O mTGC THIEMNHER SN0 LT, WLRI 8.0
TH v MERTEREEIER I THED., Thig,
RIGHEMTIESTLE+ oo BMEHERF TR A<,
b= b BB A Thermoanaerobacterium J& D PE5E %
FLTWBEZLEREL TS,

M bHROBIERIMEAF A RET S LT, PIEKE
DHHEMBIZERL, P IFR—=Z2MIFEATY
53EOERBANTEERLAZLEIA, FPv FX—
2 FHERE (R 8.0) DEEMERE (%) &, s
B 0.52%, Vv I#0.09%, s I #0.29%
Thot-. ZOHREAFIZ, RIS.0- pH 4.6 FAEEREMIC
BEBMBALEAEMET-RB32BHRBICARENDL,
Thermoanaerobacterium BDIBIE ) A 2 2|z Z
A, JLVEBEP052% L EEENTW B &, BESH
WanhThh, 7 VEIEMHEMBRERTFLE U THEREL
TW3BZedbholz., ZThiE, 72VE052%LE
BEINTWAHERTH AL, P PRFTES TS
Thermoanaerobacterium BO I ) A 7 BIEWI & %
RBELTOE, ) YyIHEY O s s 3 2RI
W Tk o0, VOB 030% Ll EEEhTwn
5Lk, WHRALREP 25, )V TB0.30%
DEEHEATHWBEGETH NI, Thermoanaero-
bacterium BOVER ) A 7 WMEWZ EBRRB Xz, &
72, 3TEEHOEBMBICHAFNREHER I i dr 57,

SMmE, b= FEBIZEWTO Thermoanaerobacterium
BoOBWY A7 2#@MEL, RKIZ, s VBE
Thermoanaerobacterium J& O BMBIFE F & L THRE
LTWATREMAHEs»MC LA $#%, < SR
SNOFEBLEFIZE U TS Thermoanaerobacterium &
DR X 7 %3 L, RIRLHBEEELS 058 R

FH#BERT B LT, Thermoanaerobacterium & D il
BHEOHANLIDEE ST EELILNS.
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bacterium BOEHEY 2 7 P/ EL /2. ZOFER, b=
SO R (ATBEMHERSREORE L L TOEIE)
B8O ES»DpH 420 46 I TOFM TITHEHEL
ot TO-, RRELUpHA#FABL -EH
TGC ¥ % FHWT, pH 42l 46 I TO®REIZH T
% Thermoanaerobacterium BOWHH ) X 7 #HEL /-
LZA, R 8.0 T L, RI 195 LI ETdH X
Lol ZhoDOERLD, P bIFIZEITS
Thermoanaerobacterium & D ¥EFEHIFE F & RI DA
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SHEETBILNRB I, b~ MIBIZEET
SEMBETHI oV, )V TR, Yusiy I UE
A TGC HEMIZHEM L T, Thermoanaerobacterium
BOBHEY) 2 #@l/EL- TOKR, s V/BIE
MT052% L EEHINS LTS, $-GHEBHA
ToRFEHRIMER S hEr 72 DLLEORERY? 5,
P PEIBHIZB LTI, 2 XY BS Thermoanaero-
bacterium B OBEFHFIEIZFE L T B Z ENRmE X
iz,
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