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Recent Spoilage of Canned Mandarin Oranges Resulting in Swells
Akihiko Nakayama and Rieko Shinya

The principal characteristics of two strains isolated from swollen canned mandarin oranges,
i. e., gram-positive, rod-shaped, spore-forming, facultative-anaerobic, and catalase-negative,
indicate that they are identified as a member of the genus Sporolactobacillus.

Thermal death times at 90 °C of the spores of the strains ranged from 35 min. to 55 min. The
amounts of lactic acid in the swollen cans were ten times greater than those in the normal
cans. And also when grown in PE-2GC, the strains produced over ten times more lactic acid
than that in the medium. Therefore, the strains are causative of the spoilage.

The strains could grow in 0.4 % of citric acid with pH 2.5 or higher, the conditions in which
commercial canned mandarin oranges fall. However, the germination and/or outgrowth of the
spores did not occur below pH 3.5.

Therefore, one possible approach to prevent the spoilage is as follows : pH values of canned
mandarin oranges are adjusted under 3.5 to inhibit the germination and/or outgrowth of the

spores, thus the commercial sterility of the canned mandarin oranges is maintained.

A AT OEREBIRRWICE, B (Saccharomyces B)Y) B E (Clostridium past eu-
rianum )? B O, HEE (Lactobacillus brevis )¥ DL L 3FMEN L CHSATN S,

LirU, ULDOFRABE R h, BF2ERL, 72 8t b H 2R %2EET 2 —BOIER &
Bbf s MEICE 5 A0 AEHEDEIELKY, €7 « SEROMICKELZALNTINES? EEL
&, 1978FEHEDHIRADAGHEDEESRL . HLUOMBEL2THL, C OBELSRERE ICH 3
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EBRMHS LOTE

1. #HsrbAER

Table 1 /TR LT Kt AP AEE(4 54 IEFHT 45, BRG4EFEOHSEEZA L,
2. MEORES LU B

EREEE L CERED S OMBORHICIE, TG CEMY 85X 'PE - 2 G CHE#hzRL, 35C
THFEUN, 88, PE- 2GCiEtg, PE - 285 icrva—re sz @eshshl %
TORMUIESH (pH5.0) TH 5., RIT, HMIEOMBSEIZ, PE - 2 G CRsti 2 g & L
THV, 35°C1~2 AHERZET bFF 2 bo—- 2EXEH (PDA)Y wEElLCao=—%
FERaEarC EizL hiT-12. 7THEKIE, PE - 2 G ClEtifh TREL T,

*! AAXOMEZ AFRGEBHRF7EER AL (W31 F16HER) ICTRE.
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Table 1. Normal and swollen canned mandarin oranges

Sample No. Contents Note

1 Mandarin oranges in syrup 5408 8203*

2 Mandarfn oranges 1'n syrup 534 8203 Nomal can
3 Mandarin oranges in syrup 536 8204

4 Mandarin oranges in syrup 543 8204

3 Mandarin oranges in syrup 536 8203

. . c 5

6 Mandar!n oranges ¥n syrup 535 8203 Swollen can
7 Mandarin oranges in syrup 545 8204

8 Mandarin oranges in syrup 536 8204

* Japanese code for the date of production: First,second,and third and fourth
numbers show the year,month,and day, respectively.

3. BFEAS L UTRAEORIE

IR, MR SE#HS), T MEZHET) Glucose-yeast extract - CaC0O43-MnS O,
B (GY - C a M n 118 Nutrient Broth(Difco) . 38X T8, Z®DpH %#6.4 &5 5iT L -5l %
BT, BT EHIE35°CTI0EM & Lic. 24, MRS T35°C 2 ALk, 8£H L, 3 fi%io Nutrient
Broth~"B 4 HiIc 2 la-FREEOBRE & 770,

MR ORAITEIE, TR 280°CIODTEILFEL 12 D 2R F&%EKEL, PE-2GC2HLM
P NIETIT- 10, MMEMNEIX, CORFEHKZHG, TDTFa2— 7 (90°C) TiT-1. &
B, BEFIPE - 2G CiHi 2V,

4. DEAKDOIRE

I LR, hi -+, @EEtE, Hugh& Leifsonidft, 7 0¥ =060 7 L E=T7DHER,
WMEEE DB, B Hi» 5 OBOERIZ, Harrigan & McCance D 12 L biT- 10, KT
DOIEZNILEIRIR 280°C10 INBALFRIE PE - 2 G CAEERL, ZOBOBBEOAEICE hiT-o 12,
45°CH &L FIS°CTOEMDEHEIZIPE - 2GCHIT{T~T2, VI - AP LDH ADFEEIZPE - 2
By va -2 %, YT UBEPLDOH ADEEIIIPE - 21k 2 oBRENEN1 %HRML
1B THT - 10 TR 2 ) S ONKSRIE, FHOHE Tk i1,

5. LBBOTE

Barker ¢ Summerson O 5V CIT- 1.

6. PE—2iZHPTHIBEREFSLIURTEREICHS LI T pHE VI BOTE

pH 2490, 5[EFR T2. 567 65. 0L THERBEE h , £ DH A D pHIZDWT 7 = BOPE% 0,0, 2,
0,4,0.6,0,8,1.0,1.533L% 2. 0%D 8 EXFEIC L 1C5t40M IO PE - 215th 2l L1, ¥, T
~NTOEHITIZ VA - R %2 1 %ML,

BHEcsI TR, IBHEONBHE EbNaER Y, LR FBLPRFREBFICLLIT
TEEL, 10°~10° /nlOBTFRER 2, 2hTh 100t >EE L, 7 AEE S TORE 2 8T
ArEitk izt
7. FRAPAPTOHEBEERFESLIURFERBICHSLET pHOETE

EHEADARBEH Lo BOFERE L Fig. 1LiIRLTz, BB, AAGEEOERE 2 EENIC
BAEL, pH#%3.3,45,8XU5 5ICHEL , MESHREICHET S. ch% 100°C T155 DIRELL
Bk, ELICHERE/ 774 2ERBL, BHIT A, s, MBMFEZOpH X Z T HpH3, 3,
4.0, BXU4.4TH -1, MBEOEEIIFIEDP E - 2 554 % - 12888 L RITUT - 12,
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] Table 2. PH values of normal and swollen

ol Te | =
%} % ’% cans
O Sample No. pH Note

09 OO 090 2 3.6 Normal
2% 2 02 3 3.6
G 4 3.6
pH Adjustment 5 4.0

(pH 3.3) (pH 4.5) (pH 5.5) 6 4.0 Swollen
7 3.8
O O : 1

Distribution

&H

0
%,
Table 3. Determination of lactic acid in
Heat Treatment(lOOac 15min.) normal and swollen cans
(pH 3.3) (pH 4.0) {pH 4.4)
v Sample No. Lactic acid Note
R ERE Fﬂ [l i 15.0 mg%
Covered w nth sterlle liquid parafhn ’ Normal
/’I

2 7.5
2l oz V4 7 157-5
H % H H 8 239 5 Swollen

Fig.1. Preparation of media with canned oranges

# R

1. AP AETEOEEENERER, pH, bLUIRE

EFBL CERED pH % Table 2 TR LT, MEREMRIE, 20X 51, EFEKEEL T pH
BRIOSEBE LS, EHEREMIET VI - LVEBLOBERE S 2 EBEHEDO D ERELER
FHohigh-12.

[EHE & BIREOWITHROILEER % Table 3 IR LTI, BEGOIBRIZEREO X & HiEg
U T10~30f58MmL T,
2. HEORHS LU DB

Table 4 12, MIEORBER 2R LI, YN0l ~4 DEBEED S XL THAOREHME § 41
REHENT, 9o F NS ~ 8 DIERED S IZWVWIFIOBM T ME»REIHh, PE-2GC
DEFE, HADEEIS L NI,
COPE-2GC%PDAIIKERL, 86hi-au=—%PE - 2GCIZ8EL, M omiitk
EUT, MBS EEKRIEY L FAWNT BX 86BN, £HTh, Strain A & Strain B& L
2o
3. RBRFRRRFEMHDIRE

JAFEREEOESNT 6 EEOEMZHERL, IFRHFITX DIT-12. TDEE% Table 5 ILRL
2o TMEFH LA D15 Ti Strain A 3L 8 Strain B(3HEEL 7S, MRS##, GY - CaMn
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B H1¥ & O Nutrient Broth Table 4. Detection of microorganisms from

( pH5.5 ) TRETIZFRK X normal and swollen cans *!
N7ed -7, Nutrient Broth Sample No. PE-2GC TGC Note
L ¥ Nutrient Broth(pH6. 1 _ _ 2 _
DHTEREN 10~102/nl B 2 B — -
BTN S 51, MR S 3 - - - - Nommal
Hid 5 3D pHOR/L B 1 -~ - -
Nutrient Broth ~B U4 5 +* +“z +  +

§ 10~10%/ml EEOETFE 6 ij 3: i i Swollen
B & S T, 8 400 4] + o+

U EoER» S, BFEME
*] Duplicate examinations.

pH6, 4@ Nutrient Broth %/ N . . .
. e o 2+ growth'of microorganisms was indicated by the
VY, 35°C10B B # » i F S turbidity of the media, — : no growth.

HeUT *3 Gas was formed,

Table 5. Sporulation of Strain A and Strain B in several media

Medium Strain A Strain B
MRS me(:iium*I - -
TM medium*’ No growth No growth
GY-CaMn medium*3 - -
Nutrient broth 3.3)(102 4.9><103
Nutrient broth(pH: 6.4) 3.3X10 1.3X10
Nutrient broth(pH: 5.5) — —
MRS medium Nutrient broth 1.7%10° 7.9%X10
(incubated D Nutrient broth{pH: 6.4) 2.4%10? 4,9%10°
for 2 days) Nutrient broth(pH: 5.5) 7.9%10 7.0%10

*1J.C.de Man et al.(See reference 6).
*9 K.Kitahara and C.Lai(See reference 7).
* 3 K.Kitahara and J.Suzuki(See reference 8).

4. RFOMWHME
AR DR CTRFER 21TV, 80°C1073 A0 Table 6. Heat resistance of spores of Strain
BAE S NI ERR 2 TRBRE LT, 9 _A and Strain B
"CCHHEAME Z BIE L7458 % Table 6 1ITR L Timeloiic®  StrainA  StrainB
12. ZDOHAD Strain A & Strain B DNk 2 Lo+ 4
HFER 143553 £ 553 TH » 12 25 + + + o+
5. FEEEKDMR 30 + - + +
FaAEYPEIRIE Table 7 IC/R L 72, Strain 35 - - + +
ABLY Strain BE b 77 ABE, H5 . - L0
—FREDORFEMET, S/Vva—2ZA» 56k 50 v
HRAZIEERT, B b HRAREET 55 - -
Bo BB, )X I EF—-AD5DME 60 - -
DHEMR T, Strain A & Strain B THES A Concentration of spores: Strain A; 3.3x10%/ml,

5N, Strain B; 1.3x10%/ml.
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Strain A¥ & ¥ Strain B2Z N X h35°CT8HBLUS HEEFELIPE - 2 G Ciztifh D L&
E% Table 81ZRL 1. WTFHhDIBEE$, PE - 2 G CHEIHNITE# L TIMELLEDAEBDERH A

shic,
Table 7. Characteristics of Strain A and Strain B

Character & reaction Strain A Strain B
Gram stain + +
Catalase - —
Spore + +
Motility — -
Growth(in PE-2GC(C)

at 45°C — -

at 15°C — —
Hugh & Leifson(glucose) F* F*
Gas from

glucose - -

citrate + +
Hydrolysis of esculin + +

NHj3 from arginin

Nitrite from nitrate

Acid from
arabinose
galactose
lactose
maltose
mannitol
melezitose
melibiose
raffinose
salicin
sorbitol
trehalose

+ |
+ |

L+ 1+ ++
|+ 4+ ++ 4

+
+

* Fermentation.

Table 8. Lactic acid produced by Strain A

and Strain B
Strain Lactic acid
A 1300 mg%
B 1475
PE-2GC* 115

* Control(without inoculation).

6. WHICHELIET pHEB LV VI BOEE

BHICEXIZIpHBL 7 = B DI Fig. 235X O Fig. 312, THhZh Strain ABL
Strain B O#RZ2RUI, MEKE b, 7 T VBEERE0 4% L E TR, EEB %17~ 1pHH 2,50
LT, ¥REEOEMER L. PAELEDEF Y = L EBIEIL0,4~0,6%, TOZE@pH 133,56~
4, ORI - 126
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. Effects of pH and the concentration of citric acid on

growth of Strain A in PE-2 with 1% glucose added

: gas produced during the first half-day’s incubation.

: gas produced during the second half-day’s incubation.
: gas produced during the second day’s incubation.

: gas produced after the second day’s incubation.

: no gas produced.
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3.5 5.0

pH

. Effects of pH and the concentration of citric acid on

germination and/or outgrowth of Strain A in PE-2
with 1% glucose added

: gas produced before the fifth day’s incubation .

: gas produced during the fifth and sixth day’s incubation.
: gasproduced after the sixth day’s incubation.

: no gas produced.
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growth of Strain B in PE-2 with 1% glucose added

: gas produced during the first half-day’s incubation.

: gas produced during the second half-day’s incubation.
: gas produced during the second day's incubation .

: gas produced after the secand day's incubation.

: no gas produced .
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Effects of pH and the concentration of citric acid on
germination and/or outgrowth of Strain B in PE-2
with 1% glucose added

: gas produced before the fifth day’s incubation.

: gas produced during the fifth and sixth day’'s incubation.
: gas produced after the sixth day's incubation.

: no gas produced.
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7. #FBLURFERBICSLET pHB LU 7 I BOE

Strain A# & O Strain BO#E L2z Th Fig.4 8X T Fig.5 iwRLI. @iEkEd pH
5.0 I TRFERL L ORFEMEIZL L, pHA. 0T 5 L REL I PREBRKRE T TD lag <
ith, pH 3 S5LUTTRARFEILRREFBREEBALNALLL LT, /2 BOBEORXEIIES
UINIREHATIE, BEALAELNLOY, BESELLBIEE lagBR{ -1,
8, TREADPAPTOEBERG S L URFERB LS LIT pHOF

BRD pHICHARB LU ILEZEADPART, 28012 Strain ADFRE % Table 9 IK/RLT,
BEEOI M- VRET—Thh, YEHOFEICIZRIEHsh - 12,

Table 9. Effect of pH on growth and germination and/or outgrowth
of Strain A in canned oranges

pH of canned oranges

Inoculation

3.3 4.0 4.4
Vegetative cells inoculated +++4++ +++++ +++ + +
Spores inoculated @~ ==000@0l— — — — — —_— 4+ -4+ - — 4+ + +

Control(without inoculation) — — — — — — — _ _— — _ _ _ _ _

* +: growth of the bacteria was indicated by the turbidity and gas formed
of the media, —: no growth.

BB LTI, ENLRBEMEEE TR, WIFho pHTH 54 & 81 BRI TH RADEEDS
HRIsh, BUABLIORFBRRBTOES, pH4.4 T4 XK, pH4.0 T2k, H¥ADEEBALN
foh3, pH 3.3 TRTNTHRADEERALN -1, THHHE, REBL ORFERET & L
THhOHE S, pH BEWVEEH RAEEE TO lag BEL L - TV,

£ B

SEEEk ( Strain A & OF Strain B) ORFOMEHE (90°C TOINEBFERE H135~5577)
(Table 6) 13, WH DO APAGEORE (82~84°CT11~137}) IKIGTHMHA 3 D EBbNI.
F12, ERETOLBEILHED Z N D10~30FITEML, /- Strain AIL U StrainB#PE -
2CCHHMPTHEELILES S, CNGEKIIEHIT OB 2105 EicBmLIc, Lith-T,
- Strain A4 ¥ Strain BidMAS i, YEEEKERETH»ZEEL 6N 3,
ChonHEROESERIT, 77 45, BE, BFER, BHEgESE, »27-FRE, &
T, HUEEERTH B, Bergey's manual 213 i kg, IFEROBHEKESEOEREIZ
Bacillus |8 £ Sporolactobacillus/ETH %, T DS LHh 25 —E¥iX Sporolact obacillus B T
bB, LichisT, BBk Sporolactobacillus BicfEd 2 4 D LBbh s,  Sporolactoba-
cillus [ OWE— D& Sporolact obacillus inulinus 13, + T HEMEER TV, TR ILEE»
9% (Table8), L1ids-> T, 5TEEE M IZ Sporolactobacillus inulinus 1RV LEBEO—FE
EEALOMBEYTHAH03, L LORBRERIZIVTIITERZEEITE L,
PE-2GCHMITORIEL RF L FRFEMBICHLITT pHB L U7 =V BOFEICT
AEBRERD S, REEKIL, BEOADAEED pH3,3~3.6, 7 T U EEE0. 6~0 7%DH A
WTIX, ¥ RPELELEMET S, Lrl, RFSICRFHEREORIE pHix3 5L4 0DFICH Y,
PH3 SUT ClrRF I dRFHREMVHE SN (Figs. 1.2,3%LT4), £iz, HEAED
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ARtEE LTHOWKEA T RBEOHERVBBE 3N (Table9).

Lichs->T, BEOAPAGZEORBE CIILUEHFRBEORTFIZERL S 205, BEDOpH £#3.5
UTHEEL, TORFEIIIRFERELHET S LRI hEENERAE2RETILVIE
BEHIEEDBZ A 5N 5, L L, EBKE, Bk L CRERFRROHEESIATFORF TR
HEREOMELE pHIEE T2 DEEAONATIID, O pHICIHAEEENHZ LEBbN3,
F1o, pHABEWIEN ZAELEZ TO lagh’ BV E W SEIOEBREERE» S &, BFED pHIZ{EW
BHIWELTHE, WTHIZLTYH, SBRAVAGEFZOBECH T > TE, 5% TULITGHEI
pH 2B T A EBHETHS .
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