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CHANGES IN HEAD-SPACE OXYGEN GAS IN TIN CANS—I

Iwao Shiga, Keiichi Kimura, Miwa Nagata and Hiroe Kojima

These experiments were initiated in order to get some knowledge on physico-chemical
aspects of diminishing phenomenon of headspace oxygen gas in tin cans, containing acid
sugar solution of 3.4 to 3.5 of pH value, in the course of time.

Beckman’s Head-Space Sampler and Laboratory Oxygen Analyzer M. 777 were used in
measuring oxygen gas in the head space.

The following results were obtained in these experiments:

I. Diminishing reactions of the headspace oxygen gas were found to be of the first
order with respect to the oxygen concentration, and reaction rate constants k day-=1
obtained were as follows:

0.51-0.56 for the plain cans.

0.42 for the plain cans in which 50 mgs. %
of ascorbic acid were added.

0.15-0.18 for the double enamel coated cans in which
50 mgs. % of ascorbic acid were added.

2. In the double enamel coated cans, a linear relation was found to exisl between
percentage of reduced ascorbic acid loss and that of vanishing of headspace oxygen gas.
The above fact was considered to suggest that the loss of ascorbic acid is directly
proportional to the concentration of oxygen gas in the almost completely inner-coated tin
cans.

3. Vacuum in cans increased as the headspace oxygen gas decreased.
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Fig. 1. Beckman's head space sampler and laboratory oxygen analyzer M. 777.
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Table 1. Diminishing of headspace oxygen gas in plain cans, centaining acid sugar

solution, in the course of time.

Storage
Expt. code | No. of cans * . Days| 0 1 2 3 4 5 ] 7 8
Temp.°C
|
422 5 30 19.7 8.7 2.4 [ 39 0.36
621 3 30 19.5 2.710.43 | 0.2 |
707 3 30 19.7 6.4 2.5 0.82 0.31
726 | 3 30 20.4 8.7 0.7 0.44)
518 | 3 40 198 (11.9] & 3.1 | 2.3

Acid  sugar solution consists of granular cane sugar 20 grs., citric acid 0.4 gr, sodium citrate
0.2 gr.,, and water 74,9 grs. pH values of the solution were 3.4 to 3.5.

*#No, of test cans at each measurement.
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Table 2. Diminishing of headspace oxygen gas in double enamel coated cans, containing
acid sugar solution, in the course of time.
‘ Storage
Expt. code Na. of cans * \\Kpays 0 11 15 30 46 76 91 106 | 125
Temp.°C
| |
325K 2 e rarn | |
427EG 3 30 21.6 21.5|22.2 | 20.7 | 18.0 | 17.8 | 16.2 | 14.6
427E S 3 30 21.6 21.1 | 22.5|20.6|17.4 | 17.5 | 14.0 ‘ 13.3

Sugar added in 427EG was an admixture of equal amounts of cane sugar and glucose

#*Nao.

(special grade of

crystals).

of test cans at each measurement.
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Table 3. Effect of ascorbic acid on diminishing rate of headspace oxygen gas in plain

and double enamel ceated cans containing acid sugar solution.

| | Storage

Expt. Code No. of cans® | Dﬁys 0|2 (34|56 7 89131418 | 23
| Temp.°C ™~ | | |

621 3 30 19.5 2.7!0.43 0.2

621ECA.A) 3 30 20.4/13.9 10.5 4.1 1.49

707 3 30 19.7) 6.4 2.5 0.82 0.31

TO7E(A.ALD 3 30 20.4 13.4 7.0 3.1 1.6 {0.55

726 3 30 20.4) 8.7 0.7 0.44 ‘

726 (A.AD) 3 0 206005 2.7 .2 '0.33' J |

# No. of test cans at each measurement
E denotes the double enamel coated cans.

A.A denotes the cans in which 50mgs. % of ascorbic acid were added.
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Table 4. Diminishing curves of headspace oxygen gas in tin cans containing acid sugar

solution,

Expt. code Experimental equation f k day™1
422 D= 4.61 (log 19.7 — log Le) 1 0.51
518 D=4.11 (log 19.8 — log Lc) 0.56
621 D= 1.99 (log 19.5 — log Le) 1.16%
621E (A.AD D=12.67 (leg 20.4 — log Lo) 0.18
707 . D= 438 (log 19.7 — log Lc) 0.53
T07E  (A.AD D= 157 (log 20.4 — log Lc) 0.15
726 D= 4.11 (og 20.4 — log Lc) 0.56
726 (A.AD | D= 5.46 (log 20.6 — log Lc) 0.42

D : Days of storage.

Lc : Percentage of oxygen gas after D-day storage.

k : Reaction rate constant.

# : This figure should be considered to he abnormal and excepted from data, because
the condition holding the cans upright during storage was accidentally changed
into inclined status, which made some part of doubleseam of the cover to
dip into the liquid and enlargement of contact surface of liquid and gases, and
resulted in an abnormal severe detinning of the double seam at liquid surface and
overall rapid corrosion.
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