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Spoilage of Canned Mandarin Oranges by Spore-forming
Lactic Acid Bacteria

Yoshiaki Ikegami, Kyoko Hashimoto and Tomoko Ohta

The spoilage of canned mandarin oranges was described as caused by Saccharomyces cere -
wisiae, Lactobacillus brevis, Leuconostoc mesenteroides and Clostridium pasteurianum  about
20 years ago. However, in our laboratory, spore—forming lactic acid bacteria were iso -
lated from spoiled canned mandarin oranges.

For the purpose of preventing the spoilage of canned mandarin oranges, the characteristics,
heat resistance and effect of pH and temperature on the growth of the causative bacteriawere
investigated.

There are two types ( swelling and no swelling of cans ), i.e., the gas—forming spoiled
products rose the pH values of the contents as a result of the fermentation of citric acid, on
the other hand, the non —gas —forming spolied products reduced slightly the pH values of the
contents, as a result of the production of lactic acid.

Six isolates (SL-1, SL-2, SL-3, SL-4, and SL-5) found in our laboratory were
identificated as Sporolactobacillus inulinus. The optimum growth temperatures of the isolates
were about 30T. The D values (decimal reduction time) at 90°C were from 0.6 to 12.0
minutes, the Z values (the slope index of the thermal death time curve ) were from 7.2°C
to 10.8 C.
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Tl Lactobacillus brevis Leuconostoc mesenteroides, B & Tl Clostridium pasteurianum
BEXTOREEE LTL{ALNTILA,

T, L OMAEYLMCHEFRABREICL 3ERBZHRLTWAEY , COMEIRE AEHIE
BEAEVERTHZH, 2, 3SHFRERLZVWTERTAHEH S,

COEFEIBEILL 3 AhAEHDOEN ZHIET 2 HINT, COMBEDFTIR, Mz s %
BRI LILOTUTZOREZRET 3,

x= B FH &

1. EEE#%

BHRADPAFEL OTELIZSL -1, 2, 3, Z—YF Y HEL bS8 LT-SL -4, #
LTV - —EEELOTBLISL - 505 82FEAL.

2. HMEOCHR

HEMERSL D PE - 28R CFPE - 255#hicy = B2 NA pH4 ol LizEH (PE - 2 C).
ROEFEF FFFRA bo—-XEBXEH (PDA) ILALAFRZEDORT % 2 5%MAt- M (PDAOQ)



85

2 H L T30°CTISHERBELIZ,. PDAOKMICIER LIz 2 o=—@ZPYEM (RIRF 1
%. BERF T+ A0.2%. pH6 0) ICTBEL THiIEHE L 12
3. FREFEE). £RPHMNEKEER

BRI I AR P YIS (pH6E.0) T2, 3HEELIZOR2HERLI.

1) 77 siefn, FEEHOHAE

WEICHE > T 12,

2) FlEofEREE

P Y REHNTISH TS LB MESIc L > THIZ LIS

3) ¥3F7F 0t

PYBSHIICE 7 F K 210g /100ntiT?2 2 X S IWMA o2 R0, 208 EERE L.

4) HEEEODIETT

P Y EHUICTEEE 5 ) 0 4 %0, 1% 00 A o554 %2 AV 10 A B EE L Tt 1.

5) T b4 UDESE

MP - VPR (AREEE) 2EHLI.

6) FIOEEE

10%® Skim milk(Difco) 2 H W TiT-» 12

7) U bON AFEERE

PYR:#icy T %% MAT M (PYC) % pHA. OICHREL, -3 4 B2 AN
ZPHWTIT-1.

8) T FUtEhbDH AELERE

PYRHizT Rz 1% %2MA, #— 7 L ERANIEM ( pH6.0) 2HNTIT-12

9) FER LI 0EE

PDABEHIZY o — 70— R 25 %eMATTEMICEZHREL ., EEEDEHOEEZER LI
FEZ T DR ISEEDE 2 RKCHER L, SO0l CTEES 208 5, EBc=FT
3= B50%LL Eit/s B k5 ieiA, hEENEORHICE - THE L.

10) #EOOTR

P Y 2R & LT, CHUCEREOWERINA, HICiEREL T0.2% D B C P 2100mt 125
U1, 2mbim A 7o 2 oz,
4. REERES

PYGH:# (PYSEsHz sy va— 22 1%MAI) ICEZEEL, 15°CL h 5°CHRIT4CET
OERE TORBEEL. £ OEMOEE P HRIICEE LI,
5. REpHS

pH %3 251 H0 25[EEICHZE LIPYG. P Y CHhIcRi 28 L. 30°CT20H AE#EL. <
DEFEOTELZRIBMICEET 2 L RIS ESO pH ZAEL 12, &2 K570, 2 KIEHHE
OBEICEFOEEE, 1 KEEOSEICZEED pH 2/FEL12. PY CE#MOBRIEZSL - 5
LERAN, HRELRESEHR L.
6. ERBMOBEIHT

PYG, PYCHsHI ( pH4, 0) ICEZEFE L. 30°CT200 s, TOMER2HRE s o< b
5574+ — it h¥LEE, 72 x B, BEEROST 21T 10,
7. FROEARUBRBHEOER

PYHi#h ( pH6. 0) iZMn S O4 210000 A fo i ic B 23 L. 30°CTISH L . SR L
> THIAEZR RS, £ O P REOHE2T20, WE/K TS, SO H23E#ZEDEL,



86
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TWaBH, NEBOEFED § Table 1. Samples of canned mandarin oranges spoiled
DIt pH 22 REF L. pH by spore —forming lactic acid bacteria.
3.0 LIPitic=TamD% Month and year Can size pH Appearance
T produced
6 DREED S E% ‘64.12 No 2 3.77 ~ 4.07 Swell
R : "65.1 No 5 3.62 ~3.88 Swell
p ) 1% > %
AT BE EHLATE /65,12 N2  266~367  Swel
KD BHHH Ny FAR '66.2 N 5 3.73~3.79  Swell
— RO H R (FEigh ’91.12 Na 5 3.83~4.17 Swell
BEHRTHB) OPAEY ’72.3 No 5 3.82~383  Swell
s iy ’72.3 No 5 4.04 ~4.06 Swell
@ﬁ%@ﬁﬁfgﬁﬁﬁﬂ ’72.12 Na 5 3.70~3.75  Swell
B & BFER DA AR B, ’74.3 No 5 3.25~343  Flat
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Table 2. Characteristics of isolates

Reaction SL-1 SL-2 SL-3 SL-4 SL-5 Sporolactbacillus

inulinus
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N5 5 EREIR Sporolactobacillus inulinus VOEWHEHEZ A OGN 20, UEOEBRERIT G156
BSEEAEEIZHEL O,
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@B b s - 1. Table 3. Effect of temperature on the growth in
' PYG medi

# A BEHEHR I3 HE pH P i ,
BT pHBIEWNG A H Temperature SL-1 SL-2 SL-3 SL—-4 SL-5
AEEREIZE, FToH R S,
RELEETIC pHHB LS L = - - * + -

VB DIAIRTIEEE X 2 T - ot o +
b S 25 + + - He 4
LW EDIICH R L 30 % & e 4 Jr
LTWae@Ebhs, i, 35 + + + + 4
PY CHislics\ T (3 pH jg - - . * +
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Table 4. Eiffect of pH wvalues on the growth in PYG medium

SL-1 SL-2 Sl=3 SL-4 SL-=5
pH a) pH pH pH pH pH b)
3.25 + + 3.14 + + 3.15 - = + 4+ 3.19 + + 313
3.50 A 4 8:25 + 4+ 3.31 + .+ '3.15 + + 3.23 + + 3.19
3.75 + + 3.40 + 4+ 3.35 + -+ 3.28 + + 3.35 + + 3.28
4.00 + -+ 3.50 + 4 3.42 + 4 3.39 + -+ 3.43 + + 3.37
4.25 4+ -4 3.54 + + 3.48 + + 3.50 + 4+ 3.56 + + 3,44
4.50 + 3+ 8,52 + -+ 3.53 + + 3.58 + + 3.59 + ¥+ '3.50
4.75 + + 3.54 + 4+ 3.56 + = 8.61 + + 3.65 += 3.56
5.00 + + 3.58 + + 3.60 + + 3.62 + + 3.68 + + 3.60
5,25 + -+ 3.61 + + 3.64 + + 3.66 + - B.74 += 362
5.50 + + 3.65 + + 3.64 + + 3.74 + 4+ B.76 + 4+ 3.65
6.00 4 4 372 + ~+ 8.70 + + 3.90 + + 3.78 * 4+ 3,69
6.50 + 4+ 3.76 + 4+ 3.70 + + 3.72 + + 3.86 ++ 3.74

a) Before incubation b} After incubation for 20 days at 30C
Table 5. Effect of pH values on the growth in PYC medium

8=l SL-2 SL-3 .4 SL-5
pHa) pH pH pH pH pH b)
3.25 =L = =k = = ==
350 (+)+466. (++}846. = - (#.4)3.54 . .+~ 851
375  (+ +)4.70  (+ +)4.98 = BBd [+ #)4.57 + + 3.82
4.00 (+ H)470  (+ +)5.06  ++ 404 (+ 540 4+ +4.07
4.25 + + 472  (+ +)5.04 + 4 430 (+ +)6.02 + 4+ 432
4.50 + + 470  (+ +)5.02 + i 485 - (449667 + + 4.53
4.75 + + 4.79 + + 489  + + 478  (+ +)5.57 ++ 4.73
5.00 + 4 5.01 + + 5.03 + + 5.04 + & 555 + + 5,00
5.25 - - + 4+ 528 4+ + 530 - - + + 5.26
5.50 = ' -+ 4 5,54 = = == = =
6.00 S o S == =

a) Before incubation bh) After incubation for 20 days at 30°C
( ): Gas production
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i;biﬁﬁ?c I Table 6. Analysis of organic acids in PYG and PYC media
TP Y GREHIIC BT PYG}pH4ﬁ) : _ fYC};ﬁ1¢Q) .
. 5L D ICHED Strains L?cn%c%%ud Azéentéc%arikd Ci Er;g ?zc)ld A%euglgc%agld
fﬁii’f‘? ;ﬁiu i, S~ 333.2 6.7 391.8 166.8
=2 = SL~=12 546.1 7.1 189.7 258.7
REHEKTHBSL - SL—3 359.9 4.4 867.1 3.5
1, 2, 4y 8 SL-4 382.0 5.3 Trace 345.6
DEDE E b ICHEERD SL=85 4959 10.0 885.8 Trace
ElBED L3,
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W

Acetoin  «— Pyruvic acid —— Lactic acid
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R TCA cycle _,-7

Fig. | Metabolic pathways on fermentation of
spore— forming lactic acid bacteria
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Table 7. Effect of pH values on the germi-
nation and outgrowth of spores in
PYG and PYC media

SL-2 SL-3
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Log N/No
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Fig.? Relationship between pH values and germination
and/or outgrowth of spores in TYG media
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P D LEDOH AEEKRS L2, FRAHEAKRSL - 3IOVTPYG, PYCHHIT pH &
T OFEFHE DT & OB % Table 7 1CRL7Z, Table 4. S ICRLUICHEOBEELALL S &
NAE-UTHHH, pHEIZEE H, PYGH#MICHELTIE, SL-212 pH4 0L F.SL-3idpH
4 5L F TR, WEsREY bhic. £, Fig.2 [ORT & 5 @H3F., WEOZEE pH 135, 04> 56.5
HETH 5,

PY Cizici v Tid. Table 7IRTHIL SL - 33FF, BHEFLBED b hZ s, zhid
7 = CEEPFEE, BEICFfc@aTna LEbhb,
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Table 8. Effect of citric acid on the germi-
nation and outgrowth of spores in
PYG (pH 5.5) medium

Strains Citric acid Growth (n=25)
0 % 5
SL-2 0.5 5
1.0 5
1.5 0
0 5
SL-3 0.2 5
0.4 1
0.6 0
OI-
_'I L.
& ~2r
=
S
3 =3
_‘1_“.
_5 1 |

34 36 38 40
pH

Fig.3 Relationship between pH values and germination
and/or outgrowth of spores in syrups of manderin
orange
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kX BICHRE, WHIZET T 545, pH3 6T & RAIDFIRENI0 LU EFET 5 L EHEPEST C &
bbb, #->T. pHOFAL TALALHEOER 2L 2 - DICIIRYIOFEE 2HS €3
LEBRETHA,

9. Fhomt

HirART( pH3, 5)FR ¥4 5 5 BROFREOHEPE % Table 9 (7R L1z, 90°CIZ#3(F 2 DEI0. 6
AHLIZDETOENHLDT, ADLAGRFEORBRIF CHIER 285 C &IZH¥EL VL, AT
DOEDOFE2F6HE ¥ 5 ITB100°COREPLRETH 5,
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L OBEFEAMEIL 2 APAESOEKRIZH2 0 FEflL bR bz, TORAICIZEET
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RAEALHET COERP. HBHIEOBROEML EOBRTHRETER T 2545 F 0, 2D
BOBRFIGRED L C
AL 97 (s, B Table 9. D and Z values of spores

LD BbhzsoT,

D values ( minutes ) Zival ues
LD I 5 FTHiCEER Strains 80C 85C 90C 95C 100C  (C)
HEEVBEEFLTL SL-1 30.0 8.0 2.0 8.6
AL, BEOBRE T SL-2 15.0 5.0 148 10.1
wevEmens. sp %3 B0 41 13 -
ATEED pHIEE 217 - SL—5 ' 120 45 15 10.6

T. pH2ETFxzEHIL
BRIV L BB LED
nad, BERiEom»6RBESH L, #->T. COEITL 3A0AGEEOERZHIET 3 iITiE.
7y FTE—E 100°CEL ETELL Y, EAERESLE CHPHD IRV v 72HERHT3
CEBKRETH A,

Z 8

ZH U1z B AGED b L - BRI EIX Sporolactobacillus inulinus DELIE T, 7 =
VERTEUTEE LRI APELEL TADPAGH 2EES U 2EH L BES L TER 2 &
ZEBEO2EITTITIONE,

BRRMUIESR TR, EREAELTCpHR2EFIE 205, 2 = U RIZUERMLIzE P ©
AR BEET S LEFFICpHIZ ERT 3,

FROMHHAMEIREL . AR OADAGEOREFRGFTERBE S LT LRHFEL, #E-T, TO
BHits 2E8M RIS €3 1Kid. AAEED pH 23 5L FIZERL, L b T » F%2100°CT
MEATH2PENEREL T, COEZPRD IV IORZERTICLBBETH S,
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