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Studies on Dissolved Tin in Canned Products - 1

Distribution and behavior of dissolved tin

Takatomo Horio, YosartoMo Iwamoro and SacHiko KoMmMura

Plain tin-plate cans are generally used as the containers for fruits juices or fruit
products. but it is known that tin is dissolved more or less [rom the inner surface of
the container during storage. Tin dissolving in canned acid products is accelerated
by oxvgen or other corrosion accelerators including nitrate. Results have been already
reported on the abnormal tin dissolving by nitrate in canned juice drink in Japan.

It has been reported in many literatures on detining in canned foods during storage,
but a few on its behavior in canned products. The purpose of the present series of
study is to establish the physical and chemical status of dissolved tin which most
possibily relates to its toxity. Results obtained are as follows :

1. Distribution of dissolved tin 1) in canned juice drinks and juices was higher in
liquid than in insoluble materials, and 75~90% of tin dissolved was detected in liquid
in easily dialyzable form, and 2) in canned fruits higher in drained solids than liquid.
(Table 1, 2)

2. When the homogenates of canned fruits is seperated into the supernatant and
precipitate by using centrifuge, considerable amount of tin was detected in the precipi-
tate, and it is not easily dissolved by repeated washing with water or dialysis against
water. Moreover it was hardly solubilized even with the action of such enzymatic
systems as the artificial gastric juice, cellulase or pectinase in acid media, whereas only
about 10—15 percent of tin remained after the reaction of the artificial intestinal juice.
It was confirmed, however, that the artificial intestinal juice merely provides its alkalinity
and the enzyme is not taking significant parts in the solubilization of tin. (Table 3~6)

3, The conversion of soluble tin to insoluble form was studied with model systems.
When fiber is added to the canned juice model (0.4% citric acid solution, pH 3.6)
containing 500~515 ppm tin, no appreciable extent of tin was transferred to the fiber,
while when mandarin orange pulp is added, considerable amount of tin was accumulated
in the orange pulp, The behavior of tin thus combined was found io be similar to that
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of canned mandarin orange. (Table 7, 8)
From these results, it is concluded that a certain part of dissolved tin in canned
fruit products is present in the insoluble form, presumably as tin-protein complexes.
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Table 1 Distribution of dissolved tin in canned pineapple
juice drink and tomato juice

Storage Total tin Centri- .
Sample period Content detected fugal | W/V Tin detected
H 4
(month) (2 | (ppm)| (mg) |f3HONS gy | (opm) (mg) (%)
62 210 198 | 41.6 f; fg ggé 3§:g fé
Pineapple e A 91 172 31.8 90
juice deink 61 203 175 | 3.5 a : 2 1.8 %
60 203.5 38 | 78.6 f§ fg Zgg ?;-i fg
- A 82 98  35.2 74
38 438.5 104 | 5.6 2
Tomato B 18 159 12.5 26
Juice A 87 us 2 74
38 204 138 | 28.1 B 13 B0 1.4 26

* Fraction A ; supernatant. Fraction B ; precipitate.
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Table 2 Distributlion of dissolved tin in canned fruits
Storage ) Total tin Fraction .
Sample period Content detected i y . w/w Tin detected
(month) | (g) | (ppm)| (mg) [*'™"87 (%) | (ppm) | (mg) | (%)
| : A 39 127 15.9 31
Mandarin 22 317 154 44.8 B 61 181 318 9
oange in
: A 41 118 15.3 26
sirup 24 318 182 57.9 B 59 231 i34 74
. A 40 101 18.2 34
White 30 443.7 119 52.8 B 60 136 362 66
peach
in si A 37 97 16.1 31
In sirup 30 450 112 50. 4 B 63 197 36.1 69
. ' A 38 63 10.6 31
Bartleti 28 445 74 32.9 B 62 84 232 60
pear
in si % A 39 119 20.2 30
in sirup 28t | 148 | €5.2 B 61 176 477 70

* Fraction A : liquid. Fraction B ; drained solid.
** Stored at 38°C for first 6 months.
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~0.28mg TH3H, EKIRBAEBOAXDOEH L 1 ZHTIRIERY 18hiC 0.5mg DAXHBH
Hahi:, REPABTEERHITLOEDRLOEREKIZ1:1.5~1.7, A XEFEOMIZ 12~
2.8 LEIEHBRECEINTHS.
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Table 3 Fractionation of dissolved tin in canned tomato juice

Centrifugal Tin detected in the precipitates and washings
I :
Sample | {ractions ist. | 2nd 3rd. dth.
A¥F B A B A B A B A B
Weight g 1940 1690 250 874 180 651 207 746 277 676 374
Sn  ppm 138 118 280 33 238 11 180 6.5 124 5 88
Sn mg 268 199 70 29 43 7.2 37.3 4.8 34 3.4 33
Sn % 100 74 26 16 14 13 12
{1001 | (403 (601 (53] (48] (47}

* Fraction A ; supernatant. Fraction B ; precipitate.

** Tin remaining in the dialyzed solution of A** against city water for 24 and 48 hrs, was
11 ppm (9%) after 24 hrs., 7 ppm (6%) after 48 hrs.
Figures in brackets represent percentages of tin remaining in the precipitate after each
treatment against tin content in the first precipitate.
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Table 4-a Fractionation of dissolved tin in canned mandarine orange

] Homogenized sample , Tin detected in the precipitates and washings
Sample
Centrifugal
No by 1st. 2nd. 3rd. 4th.
Total ff:ggong A B A B A B A B
Weight g | 6485 5305 680 2143 541 1561 465 1335 428
Sn  ppm 167 106 706 30 — 13 912 8 912
1 Sn mg | 1083 613 480 64 — 20 424 11 390
100 56 44 — 39 36
Sn % (100) — (88) (81)
Weight g | 3807 3404 404 1253 316 948 285 855 274 822 258
Sn ppm 182 123 656 36 700 15 732 9 736 6 703
2 Sn mg 693 418 265 45 221 14 208 7.7 202 5 181
Sn % 100 61 39 32 30 29 26
7 (1003 (841 {792 (76 (68]

* Fraction A ; supernatant. Fraction B ; precipitate.
** Tin remaining in the dialyzed solution of A against city water for 24 hrs. was 9 ppm (8.5%)

Table 4-b Enzymatic solubilization of washed precipitate of canned mandarin orange

Sample Washed Tin detected after treatment with
. precipi- | Artificial gastric | Artificial intestinal 3)
No tate* juice® juice®) Cellulase Pectinase®)
A B A B A B A B

Weight g 80 | 790(830) 70 (61) | 706(618) 49 (43) | 722 70 | 795(736) 26 (96)
Sn  ppm | 912 11 (13) 858(850) | 48 (53) 400(388) [ 14 850 | 15 (13) 198(584)
1 Sn mg 73 8.7(11) 60 (52) | 34 (33) 20 (17) | 10 59.5 12(9.6) 51.5(56)
Sn % | 100 87 (83) 33 (33) 86 81 (84)

Weight g | 100 990(990) 80 (73) | 771(710) 86 (87)
Sn ppm | 703 10 (16) 740(685) | 50 (37) 295(340)
2 Sn mg 70.8 | 10 (16) 59 (52) | 39 (26) 25 (29)
Sn % | 100 86 (76) 39 (53)

Fraction A ; supernatant. Fraction B ; precipitate.
* Precipitate from above Table 4-a sample {, 2.

Figures in parentheses represent tin detected after treatment with heatinactivated enzyme
solutions.

Figures in brackets represent percentages of tin remaining in the precipitate after each
treatment against tin content in the first precipitate.
1) Washed precipitate was added to 10 volumes of artificial gastric juice prepared according
to the formula in Japanese Pharmacopoeia (J.P. hereafter) volume 7. and mixture was
incubated at 38°C for 3 hrs. under constant stirring, and seperated into supernatant (A) and
precipitate (B) with a centrifuge at 4,000 rpm for 20 min.
2) Above precipitate (B) was added to 10 volumes of artificial intestinal juice prepared
according to J.P. 7, and the mixture was incubated at 38°C for 3 hrs. under constant stirring.
3), 4) Washed precipitate (1) was added to 10 volumes of M/20 acetate buffer solution
(pH 4.5) containing cellulase (5 mg%) (3), or pectinase (100 mg %) (4), and the mixture
was incubated at 45°C for 24 hrs. and centrifuged.
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Table 5-a Fractionation of dissolved tin in canned white peach

Homogenized sample Tin detected in the precipitate and washing
Centrifugal
o ist. 2nd. 3rd.
Total fractions* A B A B A B
A B
Weight g 1293 875 415 970 345 1131 342 1075 367
Sn ppm 176 132 270 48 210 13 174 7 150
Sn mg 228 116 112 47 73 15 60 7 55
49 32 26 24
Sn % 100 (100) (65) (53 [49)

* Fraction A : supernatant. Fraction B : precipitate.
Percentage of drained solid matter in sample : 63%, Sn 169 mg.
Percentage of liquid in sample : 379, Sn 66 mg.

Table 5-b Enzymatic solubilization of washed precipitate of canned white peach

Washed Tin detected after treated with
precipitate* artificial gastric juice®* artificial intestinal juice®*
A B A B
Weight g 80 788(797) 52 (53) 405{405) 45 (45)
Sn ppm 150 4(4.7) 192(180) 6.8(4.5) 159(168)
Sn mg 12 3(3.7) 10(9.5) 2.8(1.8) 7.2(7.6)
Sn % 100 77 (72) 72 (81)

* Precipitate from above Table 5-a.
** See Table 4-b foot'note 1)2)
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Table 6-a Fractionation of dissolved tin in canned asparagus

Sample Homogenized sample Tin detected in the precipitate and washing
Centrifugal
No Total fractions* Ist. 2nd. 3rd.
A B A B A B A B
Weight g 381 252 129 413 96 293 105 289 114
Sn ppm 257 194 380 55 323 24 238 9 198
1 Sn mg 98 49 49 23 31 7 25 3 23
50 32 26 23
Sn % 100 (1003 (57) (26) (43)
Weight g 1288 1002 286 870 350 944 342 893 290
Sn ppm 303 179 712 47 428 17 380 5 386
2 Sn mg 390 179 204 41 150 16 130 5 112
53 39 34 29
Sn % | 100 (100) (74) (68) (55)
Sample Homogenized s?mple Dialyzed Dialyzed
No Total gz%gg;’ugal supernatant (A1) precipitate (B1)
A B A B A B
Weight g 1390 968 422 1013 1.2 586 420
Sn ppm 235 133 470 16 2333 4 235
3 Sn mg 327 129 198 16 2.8 2 98
Sn % | 100 (100 (49

* Fraction A :supernatant. Fraction B : precipitate.
(A?Y) Supernatant obtained from the homogenate was dialyzed against city water by using
cellulose tubing for 72 hrs. and centrifuged.
(B1) Precipitate obtained from the homogenate was suspended in water. The weight of
the suspension was made up to 1,390 g by adding water. The suspension was dialyzed
against city water by using cellulose tubing for 72 hrs., and centrifuged.

Table 6-b Enzymatic solubilization on washed precipitate of canned asparagus

Sample ‘Washed Tin detected after treatment with**
presipi- | Artificial gastric | Artificial intesti- | Cellu- .
No tatex | Juice® nal juice?) lase % Pectinase*)
A B A B A B A B

Weight g 50 | 480(485) 50 (55) | 403(405) 38 (35) | 486 21 | 490(440) 15 (60)
Sn  ppm 386 7 (5) 320(288) | 21 (17) 192(270) 5 850 5 (4) 1037(300)
2 |sn mg| 19 |3.42.4) 16 (16)|8.5(6.9) 7.2(9.4) | 2.4 18|2.5 (2) 16 (18)
Sn % 100 84 (84) 38 (49) 88 86 (90)

Fraction A : supernatant, Fraction B : precipitate.

* Precipitate from above Table 6-a sample 2, 3rd. B.
** See Table 4-b foot'note 1)~4).



Table 7 Adsorption of dissoived tin lo cellulose powder

Cellulose powder (38 grams) was mixed with 892 grams of canned juice model solution
containing 510 ppm of tin (455 mg) and the mixture was allowed to stand under occasional
stirring for 5 days at room temperature, and centrifuged.

Sample Tin detected in the precipitate and washing
1st. 2nd. 3rd.
A B A B A A B
Weight g 730 200 586 218 660 212 614 209
Sn ppm 505 390 104 87 17 41 10 .14 ‘
Sn mg 369 78 61 19 11 8.7 6.1 2.9
83 17 4 1.9 0.6
Sn % (100 (24 an (3.7 .

Fraction A ; supernatant.

-1-D5b,
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Fraction B ; precipitate.
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Table 8-a Adsorption of dissolved tin to mandarin orange pulp

Mandarine orange pulp (250 grams) mixed with 1,200 grams of canned juice model solution
containing 514 ppm of tin (617mg) and the mixture was allowed to stand for 3 days under
occasioal stirring at rcom temperature, and centrifuged.

Tin detected in the precipitates and washings

Sample*
1st. 2nd. 3rd.

A B A B A B A B
Weight g 1257 199 370 171 513 159 500 156
Sn  ppm 378 608 128 410 40 316 15 288
Sn mg 475 121 47 70 21 50 7.5 45

80 20 12 8.4 1.6 b
Sn % (100) (58] (41] (a7}

* Fraction A ; supernatant.

Fraction B ; precipitate.

Table 8-b Enzymatic solubilization of washed mandarin orange pulp

»

Washed Tin detected after treatment with¥*
precipitate* Artificial gastric juice® Artificial intestinal juice®)
A B A B
Weight g 40 395 33 386 38
Sn ppm 288 9 267 95
Sn mg 11.5 3.6 8.8 3.6
Sn % 100 29 71 28

Fraction A ; supernatant.

Fraction B ; preciptate.

* Precipitate from above Table 8-a 3rd. B.
** See Table 4-b fooi'note 1)2).
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7085, CORXDHRMEBBREED2VEBENE I EFAL 2D, KIERIEIC L B EHRE
ERFLIECA, UBHPORXIERERROBTICULABOABBRBLL, 3EOKESS
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=BT RNIHADAFECOODTREESLUHBYBICHE LD, TAFARDSNTER
FYIF 2T EROTHKENERARXGEEOE(LE SBRF L. LH OO TIER
BOBERRPICFREERIONREDONI-OTELARICK O REY 1.28 28718, CORAXER
BEiZ 2,300 ppm ROICHELA. UBLEBDHRORMKBRROBER X BIZKEMIEI & 25K
MERERFDONL» o7,

P LOEBREL D REHRENATPOBRHRR XD S H2U~3BBIIKICH L TRERE LS &
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EUTAIBEHE, shRhEE—pH oBESI IR TN Y EERKICEIT 52 XOEEICS
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COBABEERICIIBETIILL, BTV e T30 LIREVARTAITENELAER
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Table 9 Summerlized list of solubilization test of dissolved tin

Tin detected in After treatment with
Canned
foods washed ppt | Artificial gas-l Artificial in-| Cellulase Pectinase
tested ppt (3 times tric juice " testinal juice
with water)] (in ppt) \ (in ppt) (in ppt) (in ppt)
Tomato juice [I(ZJSS‘ [lg;‘ —% —% —% —%
. 44 36 31 10 31 27
Mandarin | 1| r10p) (88) (71 (24) (70) (1)
orange
P 39 29 25 11
sirup | 21 ryg0) (763 (65 (28) - -
White peach 49 24 19 17 _ —
in sirup (100) (49) (38]) [36)
53 29 24 11 26 25
Asparagus (100) (55) (46) {21 {49] (48]
Dissolved tin+
. = 20 7.6 5 2 _ _
 onaarin (100 (s7) (26) (101
» Dissolved tin 17 0.6 _ _ — —
B +Fiber {100) (3.7
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