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Studies on the Influences of Gamma Irradiation
upon Food Additives—I

Gamma Radiolysis of Food Preservatives in Aqueous Solution

By
Moritsugu HAMADA and Shinya ISHIO

The gamma radiolysis behavior of some food preservatives in the aqueous
solution has been investigated. An aqueous solution of potassium sorbate,
sodium dehydroacetate (DHA), chlortetracycline hydrogen chloride (CTC), and
2-(2~furyl)-3-(5-nitro-2-furyl) acrylamide (FF) was irradiated with *°Co
gamma rays at different doses ranging from 2 x10° to 5x10° rad. After the
irradiation, the residual levels of these substances were obtained by spectro-
photometric and biological determinations. Based on the residual levels, the
respective G value of the substances was calculated : sorbate, 4.69 ; DHA, 2.02 ;
CTC, 1.98;: FF, 0.96. These data lead to the values of 97.3, and 93.1% for the
residual concentration of sorbate in a 2,000 ppm-solution and DHA in a 500
ppm-solution, respectively, at the dose of 10° rad, as percentage of concentra-
tion in control. On the other hand, the amounts of CTC and FF added at the
concentration of 10 ppm and 20 ppm, respectively, were absolutely destructed at
the same condition of gamma irradiation. From the results obtained, it seems
that sorbate is the most promising food preservative in the combination use of
low dose of gamma irradiation, as its destruction by the irradiation is almost
negligible in the applicable concentration in practice.
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Table 1. Conditions of gamma ir-
radiation for the radiolysis of
food preservatives in aqueous
solution

Dose Irrad. Irrad.
Sample rate  period dose
(rad/h) (hour) (rad)

1.00X10° 1.00 1.00%10*
1.00X10* 2.50 2.50x10*
1.00x10* 5.00 5.00x10°

Sodium 1.50%10* 5.00 7.50%10*
dehydroacetate
2.00x10° 5.00 1.00%x10°
4.00%10* 5.00 2.00x10°
4.00x10* 12.50 5.00%10°
8.00x10* 2.50 2.00%10*
Chlortetracycline

2.40X10° 2.50 6.00x10°
1.00X10% 2.50 1.00%x10°

50X 10° 2,50 8.00x10°
40X 10° 2,50 1.00%10*
.80x10% 2.50 2.00x10°
.80x10* 2,50 4.00%x10*

hydrogen chloride

2-(2~furyl) -3~
(5-nitro-2-furyl)
acrylamide

OO e 3

CTC : Bacillus cereus var. mycoides (ATCC
9634) PCI-213 2 w2 @il o0y v ¥ —
= MR Lo T,

FF . Bacillus natto % v 2E 5290 > U
Y= Tv— i, BAUFFO7 7 vBizon
Todz b oogi»6FF §RENET
B 52550 D L o T2,
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Fig. 1. Influences of different dose

rates on the radiolysis of
potassium sorbate in aqueous
solution.
Dose rate: A, 0.82x104
rad/h; B, 1.69x10% rad/h;
C, 2.28x10% rad/h; D, 2.87
x104 rad/h; E, 3.72x104
rad/h; F, 38.6x10% rad/h.
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Fig. 2. Gamma radiolysis of potas-
sium sorbate with different
concentrations under the dose
rate of 3.69x105 rad/h.
Concentrations of sorbate :
A, 10x1073 mol/l; B, 4%x1073
mol/l; C, 2x10™3 mol/l: D,
1%10-3 mol/!.
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Fig. 3. Gamma radiolysis of sodium
dehydroacetate (DHA) in
aqueous solution,

Initial concentration of DHA
, 1.19% 1073 mol//.
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Fig. 4. Gamma radiolysis of chlor-
tetracycline hydrogen chloride
(CTC) in agueous solution,
Initial concentration of CTC
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Fig. 5. Gamma radiolysis of 2-(2-

furyl)-3-(5-nitro-2-furyl) acryl-
amide (FF) in aqueous solu-
tion.
Initial concentration of FF,
4.13%x10°5 mol/l, —O— ,
cylinder plate method ;—e—,
colorimetric method.
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Table 2. G values for the gamma radiolysis of food preservatives in aqueous solution

Irrad. dose Remained Decomposed -
Sample (rad) (mol/ /) (molyz) ~ G valee  GEo
0 10.00% 10~ - -
3.20X 10 8.75%107% 1.25%107% 3.78
. 6.40X 10¢ 7.25% 10" 2.75X107° 4,15
P;’gi‘;z‘t“em 9.59%10° 4.50x10"  5,50x107? 5.54 4.69+0.62
1.28X10° 3.50% 10" 6.50x107° 4.91
1.60%10° 1.93x107s 8.07X107% 4.88
1.92%10° 0.36%10"3 9,64%107* 4.85
0 1.19x107° - -
1.0%10* 1.17X107% 0.02x10" 1.93
2.5% 10 1.12X 1078 0.07x107 2,70
Sodium 5.0%10° 1.08%107° 0.11%107* 2.13 2 020.41
dehydroacetate 7.5%10* 1.02x107% 0.17x10°° 2.19 ) ’
1.0X 10° 0.97%107% 0.22x1073 2.13
2.0%10° 0.84%10"* 0.35%10" 1.69
5.0%10° 0.47% 107 0.72x10°° 1.39
0 2.09X10"° - -
Chlortetracycline 2.0x10° 1.64x107° 0.45%107° 2.17 1.7740.35
hydrogen chloride 6.0%10° 1.06x10"8 1.03%x1078 1.65 T
1.0X 10* 0.54x107° 1.55%X107° 1.50
0 4.13%107° - -
s 1.0%10° 3.10%107° 1.03%x107° 0.99
(Cy“ndef Kgm@ method) 2.0%10° 2.15%107° 1.98%107° 0.96 0.960.03
4.0%10° 0.25%107° 3.88%107° 0.94
0 4.13%10°° - -
8.0%10° 3.18%10°° 0.95%107° 1.15
FF* 1.0X10* 2.85%10"° 1.28%10°° 1.24 1.04%0.19
(colorimetric method) 2 9x10* 2.11x107°  2.02x107° 0.98
4.0%10* 0.81% 1078 3.32%10°° 0.80

* o 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide.
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