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Studies on the Swell and Internal Corrosion of Canned Foods
By

Yasumasa OBa, Michinori Nakano, Tsuyoshi YOSHINO

The late Keizaburo MivaucHt and Tomoyoshi SHIRAISHI

Electrolytic tin plates are widely used for canning in Japan. Various experiments
have been made on the internal corrosion of canned fruits.
Canned "Mitsumame” swelled by chance, and these cans were made of the
electrolytic tin plate and lacquered. We have studied on these swelled cans.
The results obtained are as follows.
1. It 1s difficult for microo‘rganvism to get isolated.
2. In manometric method, the active life which take up (s is recognized in the
syrup of these swelled cans. v
3. The active life is inhibited by aureomycin and chloramphenicol, but not
inhibited by dihydrostreptomyéin.
4. He gas occupies above 70% of the total gas volume in these cans and Fe.
content in the can seems related with the can vacuum.
5. A large quantity of iron is contained in electrolytic tin plate cans.

6. Most of the iron content in the syrup is composed of Fe+2 and proportion

between Fe+2: Fe+3 i5 62 : 16.
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Table 1. Comparison with pH and degree of sugar . e x
(RF2;) of canned mitsumame syrup. RURD R R L, FET b EHHR

- ; OEERAR G Tz, NS OEEIIE

|

Can Date | | Degree | Cans R P, 3 1 e 28
; { pH | of sugar | vacuum IFDLszg Al F?L—H\(-JUI NS IERED
No. ! Manuf. Test ‘ (RF9%) (inch) Jit: PSP T &,
- i e l . . s
| TEev | B.Mov iy o0 Swelled Tﬁ*tg%v)u%nu @ pH M VR IR ]
1956 | - 1956 | | L1
2 " 7.Nov. | 4.27 | ” RIZRU T
3 ” 8.Nov. | 4,42 1 25.0 ” FITHD S L S I EIRRETT O pH
i ! . . A
4 ” 9.Nov. | 4.48 | 25.3 7o 437?‘@6@’@@ U, IEHHEZ4.00
5 /x 14.Nov. 1 4.18 = 22.0 oL ETHOI, B uﬁb“ﬁtﬁim
i Mean value i 4.31 ] 24.1 & HAVIZ P27,
c : ST 5
: 6 l 9. Fev, 5. Nov. : 3.9¢ | i Flat B WiEimoanE
i 70 7.Nov. | 4.10 23.5 | # 1.5
8 { ” s.Nov. | 3.90| 250 | # 7 | ® B F &
L9 i ” 9.Nov. 4.08 245 | » 7 | :
| | | RERICE D PETEL, PREEERAEY
! Mean value 4.01 24.3 \ ! DO JE S L TR,

HDEBEONBYT DT RO
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i pH MIVEEE 2 AE UOE R THEERE AT 27,
DEEREEGEEHEATHBER 2 O/NMLEL YIERT 1ml 2L Y, RICET 4O
10ml ZHunR2 1 ~1082 1 BH37°C CIFREEEN NGRS EL T O,
HWAEBRINCONTIANEY (B, €K, Vo3, §52) &g %D THETRIHMIN
D BT, TERBEETEH 2 TN 17 B R R B R R S O T 5ml & B
FRI10ml 204 T0, BRMEREIZ20% Y ol 0— Vv RIF20%KOH %2 5 7 4 2 TEE
T AHEITE DT, ST L 5 8 DIi324°C T 1 ~10FMEEL 12,

Bz Hh

1) EHEXR (5D

2) IFEHERT e INA T EBER

3) TR—pEER

4) BrtER

= OB & R
FERDFERILE 2 RITRU TS

Table 2. Culture method and result.

Can Date Culture Media
Syrup 5mi+Nutrient agar . |
i No. | Manuf. Test Method : ; ! Nutrient f Glucose Koji agar
‘ pH 4.0 , pH 6.0 | pH 7.0 12gar pH 7.0 agar pH 7.0
7. Feb.i . Areobic ? |
1 1956 5. Nov. culture i : 0 0
2 ” 7 ” | o * o * 0
3 ” 8 ” ‘ 0 *
4 ” 9 ” o | 0
5 7" 14 4 i 0 0
{ 6. Feb. 5 Anaerobic ‘
| culture : j |
2 ” L7 ” | I : o *
3 #H 8 ) 14 { i [¢] |
4 % 9 ” c | 0o | 0
5 7 14 7 C | 0 | 0
Cultured at ) . 37°C 24°C

0 —Absence of growth,

* —Cultured in can’s matter,

NaHML, 20T EABREEY» S MEYO D2 BN L L, ZERHT TFR
HERBRREERE 2T 21008, WONORE b MEYOMBIBELINETH D1,

B REZRCLDIATETORE
FERA, TR T A ORI 82 R 2 80 72 0 TREREREES D Wit % Cell suspension
& b’C’F/ﬁ [T 7%&”
1) BER v
83 RICRT D Kreb’s Ringer Phosphate (KRP) # COs 4 &3 nIEEAKT
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Table 3. Composition of Kreb’s Ringer A5 B
Phosphate (KRP). M/10 glucose LMK TR — A O AT

| KRP 12 TH#% L 72

Solution ! %(w/v)f ml 1 Malarity
j' e - 3) ‘?ﬂ”(ﬁ(ﬁ? DB R EIT 2R B 1Y, IR
¢ NaCl I 0.90 | 100 | 1.5%1071 . o . Pt 24 RN
| vc s | 4l AEKL 37° CATRYEE U BRERE BRI VAT 2
PoL | ;
CaCls ’ 1.22 E 3 1 FOF i{,[ﬁﬁ 126
KH2PO, Doz 4) HHFA _
NeSO.7H.O  3.82 1 10-1 Chloramphenicol (CP) : = fts
M/15 Phogphate 19.56 D DU—)fQ]O 4 (g/ml) ,L L//\,r‘

buffer pH4.0

10—+ Dihydrostreptmycine (DSM) : i
IHESL D § D& 104 (g/ml) E LT,
10-4 Aureomycin (AM) : EHEKD D210+ (g/ml) = U7,
CCNERIIERRL B IR :7,’6 BRI LS {5 5 42 L\*U)K’{I Zo

A ® F OE

Warburg manometer (ZHHEL) 2HEHAL I,

Brodie’s soln 13 Fuluorescin 1 THEBL, EEFIT 1 73E00, HOMEI 7 em THEIE (4375
+0.05°CitfR>1,

R4 % 2.00ml & U EEi358 1.00ml g8 KRP 0.40m! % A, 22z 0.40ml
OB ANTz. HEERCHLTIECP 104, DSM 10-4 23 AM 10-* @ 0.20ml 4 351
ANTre HEERBIAET SOTHRB LREPE 2D, 500 Lzl COq i 15%
KOH 0.4ml TWEL»I, '

1) TRESZORTRUVERREORTIC L 20BBEDHRE

f]150[ ™ (a) IFHRERSEHTT.0ml,
Efﬁ pH 4.30 ¢» KRP 0.4ml

LEIK0. 2ml B R
5 ’ A IR 0. 4ml
ON Flat can syrup o [T A T,

100~ plus Swelled can syrup o
(b) (a) OIHEHEEW

rH1.0ml f% h 1 i
S .Oml & R BT,
GIEUAEY 7S LR Eey
0.4ml B AT,

sat- doee—o—9

Swelled can syrup (C) r1‘1+( a) > [ {j&’
=i (b)) SIERRITL
T2o

Flat can syrup

| )——O——Q-Q*Q”‘O"’O—"O KEROFERIZE T PUTR
0 20 30 40 50 60 70 80 100 120 142 Lito
TIME IN MINUTE T OEEITE I"T"JE E=00))
Fig. 1. O up take of the canned mitsumame s rup. ({Qf F . 4ml % & (a)
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active life }328

120 BIII T A &2 <,
5 AV, LAUCH LIEIRRERE O .4

ml % & (b)@LMOOWMﬁkENﬁ
40573 %M E B W SHEKE =75 ) O WY

PIRE TR Dactive life DT+ L
TRAFAINIZNC EBRELTWSL, 0
MiE %2 a3 () 2B & JhinEB

O WUIIEIML FEREEOE B IER
FEHD Oz LD active life J HhEEE &

THRIFHIN B ER2RL T4,

2) EHopHORE
BEED pH OFM A 312080 pH
4.0, 4.3, 5.0 O30T M/10
glucose LT - LTE20BhA LS
FEE 2N %2181,
L’ﬁ{@ pH Dbz &k A381% 4.0~5.0
YTid O BUZ B8 BL S g,
%7’ AN
3) FASEILLIBERE A
M/10 glucose 1.00ml, KRP é:)lr—
0.40mlF; o*CP, DSM, AM & ’
FH ?'T"H?’é?(f“D.ZOml BEREID LY
B 17 e ISRV 0.40ml -
AT O MBI CO2 Hk
g )/’iﬂﬂfb;’_o
(a) CPlc L 20E
CPiz L 21HE dCPé”‘
0.2ml %A S CP
2105 kL, IOOJ TRIMNE U
3 DRER Iz,
Og!&ﬂmi CPR2INAIzd OiiE

fZ

EgAGM

110-+

/‘/>.
e

#5 R CPoH . Oa'@w
PUEBE A E75n0ds, 20k~

O BT 2 1IN L3047 % D09

BESH BT 132470 T4 #£121229%,

V;u Y

DT 83

z1
60'[-

50

40 02 up take

20

/

|0"/é~
f | 1 I | 1 | i

0 10 20 30 40 550 60 70 80 90
TIME IN MINUTE~

Fig. 2. Rate of change with‘ Oy up take and CO.
out put by different pH of substrate,

CO, output

E>TCOEET ’i pH iﬁ)‘f hE ¥ factor T
Ty v
RQ CP absence ~0.5
0.4
—10.3
o P absenc® | 02
0, Overtt
0,,.9 0. 4
T
&
s

7y

el
OMﬂlt@B%ft&&MLﬂgm
ERUTHS, s
HiE ?D/J'>O6U D F TR A L
OB RS, 303% T

Fig. 3.

. 13 i ! ]
20 30 40 50 60 70 &0 90 160
TIME IN NUINUTE->

Inhibitation of Oy up take and CO. out put of canned
mitsumame syrup b, the chloramphemycol (10-5).
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13 7 O FAEERE 1250% TE05F 51T 163%13% L,

g : w%mkiSLau&b,W%uL®@%§%
301 | BT A, RO CPEIAIL L DIZ0.5T
O.uptake 22V CP »Hnart: b 0i30.14% Lmrﬁbv»
RIS L, 1005081014 0310 Ui 412 0.5

I TR RGN

20t
(b) DSMIC L BHF
DSM 10-478%50.2ml % ip#, DSM #EE10-5

of /Gcozmm 2 UTTORMIE LTS, % ORI 4 BB
Fizo

(c) AMIZC L ZHE
N , \ , ) , ) AMI0—4##K0.2ml ﬁ?}ﬂ/_AM&‘E BI0-5& 1
010 20 30 4 80 80 TOTH  agompm 1, 2o S KE fT\
Fig. 4. Inhibitation of Oz up take and COsy o
out put by the dihydrostreptmycin (107%). AMZ Nz 720 OIXEBIIT 1= Ol % 0
L, AMAZHA 7o b k1558 5 Bk 2 1202
LR L, =0 OB
' / &mﬁfw PR 2 B

#]300“' L1553 i344%, 3057F
IT1254%, 1 EERIFRICIZ64
Ldzsu- 9%, 2 WEIHICIE75%, 3
= ol AM absence R I282%, 4 TS
5 ITi284%, 5 HHIFIC1286
e % & W 2 VT 7 OSSR 2 1)
L TWh,
100} £ B 0 O B B
50} AN oo | & b EEREE T 002
M’ede_ Wiy PR % A>3 active
R R R RLED S F I > TiME ‘N MINUTE 1€ FAMIZE DS PEH
S4B, RIZCPIZL Y
Fig. 5, Inhibitation of O4 up take by the aureomycin. e 51, DSM Tt flE

xNs0E O EDbN B, CPIT & 3 HEER T CO2 WlRIEH bR 2 ICIINT 5 DI L,
COoff i i%z%‘& SR, T OEERIER (RO LAEE S A, R0 RQ %R
Ak CP@WZ,/;L\%O) 120.595 < T 405, CP 2INA b OB/ I LA, RAITHENR
UBSRE =4z 0,512 L, Oz Wl e & COo Ll FH% sk A BIECEEINTNADT
e, Wit F{i fffﬁt TAWEDOEMERPBHFENT IO LEALN 5,

I #RAELHFICONT
WEORY, WIECERNCCHNERMT >N THRE T 5 BEIT, BREHORE, ik
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BENSFHELs20TH 3, %Oaﬁiﬁuﬁmféﬁﬁﬂ &N N IR REEE T DV T REN
h%® %ﬁ%wﬁm,M@T@WEQ%ﬁﬁ%%%NKO

Kera R, ILEuAﬁ%@ ZNRAERS & RS 2 FV o

® B M OE

1) Potassium Hydroxide soln—COolf ¥ i

KOH 500g% 7K 1 4 \CiE#T,
2) Alkaline Pyrogallol soln—Os WiY

CeHs (OH)n 7 g% k25mlicgsfif L KOH 50 ¢ % /K100ml (C i 5 0K & BRHEET,
3 ) Ferrous Sulfate soln—NO v A

FeSOy4 - 7H20 500 ¢ %71 1 4 IiEfRT,
4) Sodium Hydroxide soln—O#EEFA4= Fl

NaOH 250 ¢ %7K 1 0ITiE@+,

® B F %

Orsat SR EOIIVE ICF % Potassium Hydroxide soln, Alkaline Pyrogallol
soln, Ferrous Sulphate soln %27#HL, {BO¥BTTIZAKP AR L, FLATSERCHEKL,
BORMES kT THAR L, EAEHT 4 Gas Burette PUCHAL, COs, Os, NO MIFIKL
L[y”?‘gj/:pm‘(,\ ygg-@.ﬁu;ﬁ —ERED O« B2 RA, 8% Pipette L, &, FuSa 4

SERTU TESERIE AT, FERREN T CO2 SR, 5 He Ko7 CO FHrE 2 TEE

E
KB RIIE 4 BITR LI,

. Table 4, Gas volumes (cc) in can.

Sample ' Room | To?a_! h ‘Total gas coO o. | NO : coO H H !
N lMaker! temp. | weot? K volume X 2,07 : | i : /-) I Addition
| o. °C) Canlg) | () .1 (co) : (cc) ! (cc) (ce) 5 {cc) (9%)
10 A D25 210 | 445 o0 Lo f | Swelled can
1L | A 470 2735 | 425 | 0.5 O | O | v
2 A 180 2820 | 370 0.5 0 0 : : ”
I E A 19.0 243.0 . 40.0 . 0.8: O 0 ”
14 A 190 2760 | 289 | 040 . 0 o0 L ”
15 A 16.0  276.0 | 488 | 0.9 O 0 0.2 ” :
le A 160 277.0 | 315 | 0.4 0 | 0  O1, § o
17 A | 16,0 277.0 | 27.0 0.7 0 o 0 ; L :
8 A 14.0 | 2665 | 50.3 | 0.8 O 0 | 0.3 6.4 71.65] v
9 I A 14.0 276.0 | 8.3 06 0 0 0 |22 7272 7
20 oA 16.0 | 269.0 .« 42.1 © 07! 0.1 0  0.4'30.2 7410 ”
21 A 17.0 | 292.0 | 136 | 0.4 0 0 0.1 8.0 58.82 ”
22 | A | 17.0 | 2710 | 39.0 06| 0.2 0 0 |27.570.50 P
23 | A 14.0 277.0 | 19.2 ' 0.7} 0 o o0 | 8.5%44.26}E Flat Can |
24 . A 3.0 | 278.0 | 16.9 | 0.5 0 0 0 | 7.343.19 2
s 7.0 | 266.0 = 10.0 | 0.2! 0 o o  03l30 v
2% B . 170 260 | 1.5 | 0300 | 0 ;0 | 51 404 ro
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B FOOEREEED S BIIESFICIE COs O B HET 503, He LR DIA
ERby, B CIE’%’%E%&%ZD%I% it doTik He RHTEIZ44%EHIT 1};*/)“&\ A DI
U, BB PN TR OT0%0 B2 5D TEA 2 L 2D, T 5 OENE
m%’iﬂa{km{i%rf{‘*mmﬁﬂﬁﬁ —~EICE AR 5 N, BEICHOMABIZ 0TS Jw)rk@fw B
T 7, BRI AT U R O SR R I B de b b, FEEIT b RIBEO KRB B
MR LNT,

£ S BT BN BER A EERIT T T PIE RIS EME U 7o I S L B IRERIE H 0Tt b O

, BEmEC g&v\f%ﬂ%ﬁ L, BHELEeaN b0 EEbN b, BIBEE (Plate 1)

am)% CRERMEES I E RS ICH U TR O BRI E L,

AEERIT BAL\’”'ii%‘:@éBA FErEE O pH 2B THIEHSR2 222220 T, Hae BT
B IR OB ESA OB S L OBGR RS L I HEL» O, TR ONTIER

FARat$5FiETD A,

Il @ HRICBEFETIRICDONT

FEATL 12 T RIBREESIT & > TP L R He HMOAF (% R, SRRPImE O REH T
AhASHDYTREIGET LT A T &2 720 T, —IBN H'”]*ﬂﬁ’]‘”‘ﬁfs »Ekfkﬂﬁ F@Hﬂbi\'
REA BN D, FEOT OB EMOME, MHOMIMAITENT S LBELLNIDT, K
CEEPIRIT B TET AT DV THET 23l A T2

B/ OB K OH
EEEEL No.27~No.29 12k I, I LEHU L D280, Nodl~Nod3d T b sl
HEBMETHELLZLOTH Y, IR b 02 EHR LI,

1) Fe standard soln ,

Ferrous ammonium sulfate Fe SO (NH) o - SO - 6HoO {85 L, HdD0.22251 9
%0.29%HaS0y TIEML, 250ml =33, BCHOE 2 FHEICI0FIZHRT, 0.01mg Fe/ml
£f=1.26785

2) Hydroquinon 1% soln

Hydroquinon C¢HsOs (made in France, packed by K. M. R. Co.) 0.2¢4 % Buffer

soln pH=4.5, 20ml IZ/§T 5.
3) Buffer soln, pH=4.5

7N Acetic acid CH2COOH 14.3 mlic 2N Sodium acetate CH3COONa 10.8ml

oA KT T 250ml & 5,
4) O-Phenanthrolin 0.2% soln
O-Phenanthrolin C12HsNs 0.5g% conc HCI 5mliZigMR L, &I T200ml &7 %,

R B A &

frE O (Fe) SERmic@mib Lz MR ELI S oniifEcadh, 27T
OEBITIEFAA EHIAE  BEN G 51N A, EBHRICEE 2 BT S 515, O‘Phen‘ﬂn~
throlin ARV TREADOREE, HFEA 2 OREEDHLVBH L DT, AL T [ATR P
R U120 D BRI BER L TR INT WA FETSH b, O-Phenanthrolin C12 Hg N2 i3—

— 86 —
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FEME D pH O F T 3C12HsNa+Fet2— (C1oHgNo)sFe+2m i1 A—fkFe+2 & LR L THE
RO 2 BT 5, RE B Fer3 L FGL T 3C12HsN2+Fe+3— (C1oHgNa)s Fe+d
Lg b EIRE OB ATBRT 505, S—fFe+2 0L, —BEES L EEL RT3 129,
ERICHEL TEETA 2 A TH - #kFe+3 % 84— Fe+2 - 75 L, O-Phenanthrolin % 4.,
Sodium acetate CHsCOONa TpH #—Zic U, %&L 5 IR el L TROBE %
sty
ﬁﬂmon&mmﬁﬁ5~ 10g %2R L oiigEE B OV RIE Rk b iga0a 21T, i
Z100mIZFEZRL, ik b Iml 28WL, K2MAT 20ml &L, ChoLBIZO0NTRIE
AOEL T B BRIEICHE DT O-Phenanthrolin M2 % b FhaiR B 247277, 90 OB 2T 5 1250
2T, ROFHEBEZOWTOFMNERZ T, EBROEMEL5ED 7, EH Fe Standard
soln 0.01me Fe/ml% #ZHr L, MpiEw1z Hydroquinon 1 % soln | ml %ﬂDiFe+3€’Fe+2
#2760, O-Phenanthrolin 2ml %07, 2N CHsCOONa %7 TFL pH #4.0ic&% T
ZT50ml & 7e U, 2 OFEWE % i 20mm DWRIY = ov iz A, WeEHEE (A8 E.P.O—A
B) I THOBRERAGEL 7,
1) BB OFEHFTBRHTE
B OIE R G 2 AT 5 72%, Sample 7k, Filter BG 500my, Absorption
cell 20mmIZERNTEEBR 2T D12, #O %éfﬁﬁﬂfﬁZ RGBT IVEEICE - EBRELET
BT ERADI,
2) Filter mi#7
C, BG, B, G, YB, O, R %% Filter @A L THEKER 2T 20, BIEHE
O L ED BG 500my e ffHT A0 20710,
3) FEEORE K2 B
TEEBEFORE 12 10~20°C imwﬁal *h B LI,
4) JEMD pH ik % B
PH2.40~6.00 T3 HEIZ BIFTEEIZ 0 22027,
E) FEBEORITK 5 (?5603* TED)
Fe*? L [Fi{i7 % O-Phenanthrolin D#EHIZHATIRL D 7T2HEHIIBRETH A &0
72,
§) A1 A B
FEEBIC A FEGE 1+ o v e dhfE x4, ﬁ%?ﬁﬁlf?h*, AT E T IR A A DR
iSToR R, Fe Standard soln 0.0lmg Fe/ml, f=1.26785 rhiz Cu i310mg &1
ARG T, KEOLLZLTRED, Imgﬂ’F“C‘VIVﬁ AN, ZOUET S, Co, Mn,
As, Ni, AUZ10mg HFETIEHET 25, Tmg T TIRERBEL 220, Z Sn % 10mg
BT A EAORB AL, FEICHET L, 1mg T TIRIEEL 0 & Ho 7,
VLEO®RL Gl 2 BRICAN TARER 2727,

e
7K

EERORIILE 5 ZICE T, &b Sample No.40 = Tilxa>ERFETH 03, 2NLF

D DIIBEDIDITFT O ORERETH
@W@@;Lﬁg>@%%¢ﬁanwi%%fnot DTHBHH, COEROFHEFITE S
SWIT pH DTSR L OBRITHIR LR SN0, —iT pH OFE b 0 g4
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Table 5. Fe contents in syrup.

Sample Mak E:an ‘I Vari 1 Vacuum ‘ Fo v/ | Syrup Additi
No. er <|\>i§.e)t ariety | (inch) { e Y[gsyrup pH ition
27 A 6 : Mitsumame “ (Swelled) : 384,46 3. 62 E:;:Zr;(eyc}:iiai:.n plates and
28 A 6 | % i 0 I 154.49 3.92 %
29 A 6 | ” | 0 L1401 | 3092 ”
30 cC i 6 | 4 5.3 33.90 4,15 | Hot dipped tin plates can.
31 D 6 ” 2.0 40.74 4,32 ”
32 E ! 6 ” 3.0 | 31.68 3.92 | %
0 E |6 . so0 | %219 | 392 ”
34 Fl e | ” | 3.0 | 31.79 3.45 | %
5 |G | 6 7 | 538 s | 40 | %
36 E | 5 ” . 110 | 15.28 3.60 | ”
37 | H | 5 s ' iso | 1LsT 390 "
3.0 H 5 ” © 414 493 405 ”
9 | E | s ” . t0.9 ¢ 17.00 . 3.8 | "
0 | 1 |5 ” 2.0 | 1.22 | 3.60 | ”
41 J | 5 | Ma”dgr';‘nge 0.2 | 890 | 3.30 i %
42 J 5 | ” 9.0 | 3.66 3.40 | #
43 J s " 8.0 . 2.57 3.40 1 %
L 44 K | 4 |Water Melon;  10.2 4.79 | 4.58 | ”
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Table 6. FeT™2 contents in syrup.
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