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Changes in Head-Space Oxygen Gas
Content in Tin Cans - 11

Effects of tin- and aluminum-foil-disks on the rate of browning
of sugar sweetened ‘“HASSAKU” (Citrus hassaku, Hort. ex
Tanaka) orange juice packed in double coated cans, and on the
vanishing of oxygen gas in their head-space and on their can
vacuum.

Kerrcur Kimura, HiroE Kojima, TosHiko EHl, and Iwao SHIGA.

Changes in the head-space oxygen gas content and can vacuum, and rate of brown-
ing of color of sugar sweetened “Hassaku” orange juice (pH, 3.3; titratable acidity,
1.2 percent as citric acid ; and Brix degree, 22) packed in cans (202x402) of various
constitution (cf. table 1) were observed at intervals during storage at 30°C.

Oxygen gas rapidly disappeared in plain cans within a week, and in any other cans
tested decreased as shown in Fig. 1, and 2.

The vacuum curve for plain cans which included nitrate (50 ppm as NOs-N) added
showed a sudden fall at the time when dissolution curve of iron showed a sharp rising
trend (cf. Fig. 4, and 5). This phenomenon tell us the beginning of hydrogen evolution
corrosion on steel area enlarged enough for it by dissolving of tin layer.

At the end of the storage in this test (155 days), the double coated cans having an
aluminum foil disk stuck onto the inner surface of the bottom almost lost their vacuum,
regardless of presence of nitrate added, while the double coated cans having a tin foil
disk stuck onto the inner surface of the bottom held about the same vacuum as simple
double coated cans (cf. Fig. 3, and 4). Difference in holding can vacuum between
the former and the latter may be due to rather low hydrogen overvoltage of aluminum
compared with that of tin.
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Browning or darkening of juice color during storage proceeded most rapidly in the
simple double coated cans, double coated cans having the aluminum foil on the bottom,
and double coated cans having the tin foil on the bottom in the absence of nitrate
added. In plain cans, juice retained the bright good orange color. Tin foil seemingly
acted as an inhibitor for browning by passing into juice as ions in the presence of
nitrate added. Aluminum foil did nol show such a chemical action as that of tin foil
(cf. FFig. 9, and 10).
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1. EREMHE: EHERIE 20081{F (202x402) T, fkit Tablel ®@YHTH 3.
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K¥E#, Sunkist juice extractor iICTHIL, 167 v & -~ DHTHIHEL, 15~20 mmHg T

— 37 —



Table 1 Constitution of Can‘s (202 x402) used in tests.

Code

Bodies
(inside)

Ends
(inside)

ET. No. 25
double coated with inside side-seam
stripe.

ET. No. 100
double coated.

ET. No. 100 ET. No. 100
plain. plain,
ET. No. 25 ET. No. 100

double coated with inside side-seam
stripe.

double coated. An aluminum-foil-disk
(area, 13.5 sq. cm, wt., 26.7 mg) was
stuck on the bottom.

ET. No. 25
donble coated with inside side-seam
stripe.

ET. No. 100
double coated. A tin-foil-disk (area,
5.7 ; wt.,, 29.4 mg) was stuck on the

bottom.

L-BEATAE7 5 2 2 ORREHZHBOIRICTH T X4, RiNOESERE, L THEEL
BT L7z, Bt pH Ml 3.3, WEMMER 7z v#ELT 1.2%Th 1.

3. HBmEoflik

FHROBRHATichy, —HIZIIWERY Y v LAxEEERE LT 50 ppm OHEIKEMLT
3L (Code: A,B,C,&D) &izL, {b3fEmoE zwmE (Code: E,F, G, & H) kL.
1t Table 1l OZfiilczh£&h 200 g 5835w, O BHEEAGBEEALT, —EORETTHEMN
BRI L, KB Tl L T 80°C I5AMEREL, BEBICKE L.

4, HBREHONE

30°C DfERBAEFE.

5. M B &

5—1 LMERARBRLT R ORE

Beckman Head-Space Sampler %M L TLBEMA DKL EHEE, Beckman Laboratory
Oxygen Analyzer TT7RIC TER R ZHIE.

5—2 pH RUBMEDORE

HEEE® pH 5 HM-5A &AM LT pH %, BIEIMAERITIEITY KLU TREL,
717@&Lfﬁb?.

5—3 BEXXROME

INBDHHES KELRKAE—F a7 5 7B THE.

5—4 BEGKEOAE
Ay 72Fvrul) vED KL DRAE.

5—5 BETNI=ULDHE
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Perkin Elmer #:84 oHF 0o oMt 25 303 B A L THRIE.

5—6 3 =)

ho—=yvdliny g —RmER CM-20 2R ULME, afl, RUbHEAAE. SRt
LL.=88.60; a=—1.53; b=>5.67 Ths. HLAXTIE LIEDOEIZ DV TDHEIRT 3. LI
DIETIREH OB ELEZRT.

RBEERLIEER

1. LBEHAOERREHROEE

RIMCRE LRV AH TR EBPERANORKZIAEICHESH, NEORER—BEZ-5H 2
BB OREDBEICIIMUERETS » /. ARZHBEGTIE, HERKIRIE, -3 7riz=oan
BOMEMT OIS T, BEFZH Fig. 1 KRT &L S 30°C, 23BMOKEEICTIT 75
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Oxygen gas in head-space in percent

After storage for 62 days,
oxygen gas was not
detectable.

0 4 i

0 10 20 30 40

Storage period in days at 30°C.

Fig. 1 Decrease in oxygen gas content in head-space during storage of canned sugar
sweetened “Hassaku” orange juice (pH, 3.3 ; titratable acidity, 1.29% as citric
acid ; Brix degree, 22) including no nitrate added. In plain cans, oxygen gas
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Fig. 2

was not detectable after storage for eight days.. In any other double coated
cans, oxygen gas decreased at about the same rate in so far as short time
span, indicating that oxygen mostly combined with some reducing substances
in the juice. @, double coated cans ; @®, double coated cans with an aluminum-
foil-disk (area, 13.5 sq. cm. ; wt., 26.9 mg) stuck on the inside the bottom ; ©,
double coated cans with a tin-foil-disk (area, 5.7 sq. cm.; wt, 29.4mg) stuck
on the inside the bottom ; experimental points are the average of measurements
on three samples.
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Oxygen gas in head-space in per cent.
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After storage for 62 days,
oxygen gas was not
detectable,
2
0 " . - i

0 10 20 30 40
Storage periad in days at 300,

Decrease in oxygen gas content in head-space during storage of canned sugar
sweetened “Hassaku” orange juice (pH, 3.3 ; titratable acidity, 1.2% as citric
acid ; Brix degree, 22) including nitrate (50 ppm as NOg-N) added. In plain cans,
oxygen gas was not detectable after storage for eight days. In any other double
coated cans, oxygen gas decreased at about the same rate in so far as short time
span, indicating that oxygen mostly combined with some reducing substances in
the juice. @, double coated cans ; ®, double coated cans with an aluminum-
foil-disk (area, 13.5 sq. cm. ; wt., 26.9 mg) stuck on the inside the bottom ; ©,
double coated cans with a tin-foil-disk (area, 5.7 sq. cm. ; wt., 29.4 mg) stuck on
the inside the bottom ; experimental puints are the average of measurements on
the three samples,
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HOFROC & K HAEEN—I LR T 54, MRELRMLUBWVERETIE, PRThR4ICTREL
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HEN(Fig. 6 2R, TOHBKEN 2 ERE LU THRRZNHKTORARETS 2 Dic 4558

10 f

Vacuum in inches,

0 20 40 60 80 100 120 140 160
Storage period in days at 30°C.

Fig. 3 Changes in vacuum, during storage, in cans of “Hassaku” orange juice including
no nitrate added. @, double coated cans ; O, plain cans; ©, double coated
cans having the tin-foil-disk stuck on the inside the bottom : @®, double coated
cans having the' aluminum-foil-disk stuck on the inside the bottom ; experi-
mental points are the average of measurements on the three samples.
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Vacuum in inches

Content of iron in the juice in ppm,
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4 3

, Domed after storage
for 155 days.

i .

0 20 40 60 80 100 120 140 160
Storage period in days at 30°C.

Fig. 4 Changes in vacuum, during storage, in cans of “Hassaku” orange juice including
nitrate (50 ppm as NOg-N) added. @, double coated cans ; O, plain cans ; ®,
double coated cans having the aluminum-foil-disk stuck on the inside the bottom
; ©, double coated cans having the tin-foil-disk stuck on the inside the bottom
; experimental points are the average of measurements on the three samples.

200

100

0 20 40 60 80 100 120 140 160
Storage period in days at 30C

Fig. 5 Dissolving of iron in plain cans of “Hassaku” juice during storage. @, samples
containing nitrate (50 ppm as NO3-N) added ; O, samples containing no nitrate

added ; experimental points are the average of measurements on the three
samples.
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Fig. 6 Dissolving of tin in plain cans of “Hassaku” orange juice during storage. @,

samples containing nitrate (50 ppm as NO3s-N) added ; O, samples containing

no nitrate added ; experimental points are the average of measurements on the

three samples,
3

0 20 40 60 80 100 120 140 160

Storage period in days at 30°C.

Fig. 7 Dissolving of aluminum in “Hassaku” orange juice during storage from the

aluminum-foil-disk stuck on the inside the bottom of double coated cans. @,
samples containing nitrate (50 ppm as NO3-N) added ; O, samples containing
no nitrate added ; experimental points are the average of measurements on the

three samples.
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BICBEEHERMOLRINZICE -1 L LERTHDTH 2. YL NI OME T T Ok
A RQIEA EWE U TREBOEHRT T, BIRLAAGO LRERNON X 2T OKR, 43.2%
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RIREZEGHE LTI T XM o7e.

RICEBENZ LR TN =Y 2EEMECEN T b OOHEFEOENTH > T, WHED
BNOFRCBFEL, FORARKERNMENLT (Fig. 7 2R), GMEIREREL THH, K
ZEMRIANSRBCHETL, 155 ADHHICE » THEREERAEBELTW:, Z0ERRE
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Fig. 8 Dissolving of tin in “Hassaku” orange juice during storage from the tin-foil-disk
stuck on the inside the bottom of double coated cans. O, samples containing
no nitrate added ; @, samples containing nitrate (50 ppm as NO3-N) added ;
experimental points are the average of measurements on the three samples.
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Fig. 9 Changes in “L” values measured with a Hunter color-difference meter “Hassaku"”

{

orange juice packed in cans of various constitution during storage. In this
experiment nitrate was not added. O, plain cans; ©, double coated cans with
the tin-foil-disk stuck on the inside the bottom ; ®, double coated cans with the
aluminum-foil-disk stuck on the inside the bottom ; @, double coated cans;
experimental points are the average of measurements on the three samples.

Visual appearance

L value was the
same as thatof
F, but the color
was slightly
visually deeper
then thatof F,

Somswhat
darker than that
of B

Considerable
darkening
occurred.

i . N 2 2

20 40 60 80 100 120 140 160
Storage period 'in days at 30°C.

Fig. 10 Changes in “L” values measured with a Hunter color-difference meter for

“Hassaku” orange juice packed in cans of various constitution during storage.
In this case, nitrate (50 ppm as NO3-N) was added. (O, plain cans ; ®, double
coated cans with the aluminum-foil-disk stuck on thé inside the bottom ; ©,
double coated cans with the tin-foil-disk stuck on the inside the bottom; @,
double coated cans ; experimental points are the average of measurements on the
three samples.
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