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

Effect of Butylated Hydroxyanisole
on the Radiolysis of Food Preservatives

By
Moritsugu HAMADA and Shinya IsHIO

In this paper, the effect of an antioxidant, i.e., butylated hydroxyanisole
(BHA) on the gamma radiolysis of some food preservatives was examined.
After the addition of BHA dissolved in ethanol, whale meat homogenate and the
aqueous solution containing food preservatives were subjected to gamma
irradiation at different doses ranging from 10% to 5X10° rad. In the aqueous
solution, the radiolysis of food preservatives examined was depressed by adding
BHA solution in a great extent. On the examination of this depression, it was
evident that the effect depended primarily on the solvent, ethanol, not the
antioxidant itself. In the whale meat homogenate, however, the depression
effect of BHA solution on the radiolysis was not recognized. No depression
may rely on the disturbance of the radiolysis caused by the organic compounds
contained in the homogenates.
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Fig. 2. Radiolysis of chlortetracycline

hydrogen chiloride (CTC) in
aqueous solution due to
gamma irradiation.
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Fig. 1. Radiolysis of  potassium

sorbate in aqueous solution
due to gamma irradiation.
Initial concentration of
sorbate, 3.57%10~% mol/!
(40ppm as sorbic acid).
(), sorbate + 5ppm
BHA + 500 ppm EtOH;

——@——, sorbate + 500 ppm
EtOH ; ———2A——- sorbate.
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Radiolysis of 2-(2-furyl)-3-(5-
nitro-2-furyl) acrylamide (FF)
in aqueous solution due to
gamma irradiation.

Initial concentration of FF,
8.26x1075 mol/l (20 ppm).
—(—, FF + 5ppm BHA
+ 500ppm EtOH; —@-——,
FF.

Fig. 3.
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Fig. 4. Radiolysis of butylated hy-
droxyanisole (BHA) in aque-
ous solution due to gamma
irradiation,

Initial concentration of BHA,
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EtOH.
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Fig. 5. Radiolysis of  potassium

sorbate in  whale muscle
homogenate and in aqueous
solution due to gamma ir-
radiation.

Initial concentration of
sorbate,  3.57x10™4  mol/l
(40ppm as sorbic acid).
e sorbate + 5ppm
BHA +500ppm EtOH in
whale muscle homogenate ;
@-——, sorbate + 500ppm
EtOH in whale muscle ho-
mogenate ; ——A—— , sorbate
in whale muscle homogenate ;
----- , sorbate + 5ppm BHA
+500ppm EtOH in aqueous
solution (identical with the
result in Fig, 1):;--c.c- ,
sorbate in aqueous solution
(identical with the result in
Fig. 1).




BRI % 7 SRR —10 51

CTC remained{%)

O 1 2 3 4 5 x10°

Irrad. dose (rad)

Fig. 6. Radiolysis of chlortetracycline
hydrogen chloride (CTC) in
whale muscle homogenate
and in aqueous solution due
to gamma irradiation.

Initial concentration of CTC,
2.09%1075 mol/l (10ppm as
chlortetracycline),——(-—,
CTC + 5ppm BHA + 500ppm
EtOH in whale muscle ho-
mogenate | —@-—, CTC in
whale muscle homogenate;
...... , CTC+5ppm BHA
+500ppm EtOH in aqueous
solution (identical with the
result in Fig.2); ««...... s
CTC in agueous solution
(identical with the result in
Fig. 2).
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Fig. 7. Radiolysis of 2-2-furyl)-3-(5-

nitro-2-furyl) acrylamide (FF)
in whale muscle homogenate
and in aqueous solution due
to gamma irradiation.
Initial concentration of FF,
8.26x10~5 mol/l  (20ppm).
S O FF + 5ppm
BHA +500ppm EtOH in
whale muscle homogenate ;
R , FF in muscle
homogenate ; -------- , FF +
5ppm BHA +500ppm EtOH
in aqueous solution (identical
with the result in Fig. 3);
---------- , FF in aqueous
solution (identical with the
result in Fig. 3).
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Table 1. Effects of free radical scavengers on the radiolysis of potassium sorbate in
aqueous solution due to gamma irradiation

Free radical Irrad. dose Remained Decomposed

G+
scavengers (X10" rad)  (x107* 1nol/() (x107* mol/!) G value GEo
BHA in 5 ppm 0 3.57 - -

and 5.0 2.87 0.70 1.35 1.37£0.03
EtOH in 500 ppm 10.0 2.13 1.44 1.39
0 3.57 - -

EtOH in 500 ppm 5.0 2.82 0.75 1.45 1.61+0.22
10.0 1.75 1.82 1.76
0 3.57 - -
1.0 3.19 0.38 3.67
2.0 2.99 0.58 2.80

3,380,

Not added 4.0 2.27 1.30 3.14 3.38:50.99
6.0 1.30 2.27 3.65
8.0 0.57 3.00 3.62

Table 2. Effects of free radical scavengers on the radiolysis of chlortetracycline hydrogen
chloride in aqueous solution due to gamma irradiation

Free radical Irrad. dose Remained Decomposed

2 G+
scavengers (X10* rad)  (x10°° molfl)  (X107°mol/) G value GEo
0 2.09 - -
_ 0.5 1.88 0.21 0.41
BHA in 5 ppm 1.0 1.62 0.47 0.45
and 5.0 1.26 0.83 0.16 0.25%0.16
EtOH in 500 ppm : : ' :
7.5 1.04 1.05 0.14
10.0 0.95 1.14 0.11
0 2.09 - -
; 27 2.
Not added 0.1 1.82 0.27 .61 2.61£0.96
0.3 0.98 1.11 3.57
1.0 0.38 1.71 1.65

Table 3. Effects of free radical scavengers on the radiolysis of 2-(2-furyl)-3-(5-nitro-2-furyl)
acrylamide (FF) in aqueous solution due to gamma irradiation

Free radical Irrad. dose Remained Decomposed G value C
scavengers (x10* rad)  (x10°° mol/)  (x10° mol/i) g
0 8.26 - -
BHA in 5 ppm 2.5 7.84 0.42 0.16
and 7.5 6.86 1.40 0.18 0.17::0.01
EtOH in 500 ppm 10.0 6.53 1.73 0.17
20.0 0.25 8.01 N-CY
0 8.26 - -
9 &
Not added 2:5 .48 1.78 0.69 0.710.02
5.0 4.46 3.80 0.73
7.5 2.64 5.62 0.72

t Not calculated as unreliable, because FF remained was too small.
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Table 4. Effects of free radical scavengers on the radiolysis of potassium sorbate in whale
muscle homogenate due to gamma irradiation

53

Free radical Irrad. dose Remained Decomposed

scavengers (x10* rad)  (X107* mol/l)  {x10°* mol/l) G value Gxo
0 3.57 - -
BHA | 5.0 2.82 0.64 1.24
in 5 ppm 10.0 2.31 144 1.39 .
and 0 ) - 1.310.07
EtOH in 500 ppm 15. 1.60 2.07 1.33
20.0 1.14 2.82 1.36
25.0 0.31 3.22 1.24
0 3.57 - -
5.0 2,82 0.75 1.45
. 10.0 2,31 1.26 1.22
EtOH ' +
OH in 500 ppm 15.0 1.60 1.97 1.27 1.27£0.11
20.0 1.14 2.43 1.17
25.0 0.31 3.26 1.26
0 3.57 - -
5.0 2.92 0.65 1.26
10.0 2.35 1.22 1.18 "
Not added 15.0 1.75 1.82 117 1.19:£0.04
20.0 1.10 2.47 1.19
25.0 0.57 3.00 1.16

Table 5. Effects of free radical scavengers on the radiolysis of chlortetracycline hydrogen
chloride in whale muscle homogenate due to gamma irradiation

Free radical Irrad. dose Remained Decomposed

scavengers (x10* rad)  (X107%molfl)  (X10°° mol/l) G value GEo

. 0 2.09 —~ -
BHA in 5 ppm 10.0 1.85 0.24 0.02

and 0.0310.01
EtOH in 500 ppm 20.0 1.58 0.51 0.03
50.0 0.41 1,68 0.03
0 2.09 - -
5.0 1.97 0.12 0.02

Not added 10.0 1.68 0.41 0.04 0.03£0.01
20.0 1.49 0.60 0.03
50.0 0.38 1.71 0.03
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Table 6. Effects of free radical scavengers on the radiolysis of 2-(2-furyl)-3-(5-nitro-2-furyl)
acrylamide in whale muscle homogenate due to gamma irradiation
Free radical Irrad dose Remained Decomposed G value Gto
scavengers (X10* rad)  (x10° mol/l)  (x10"* molf!}
0 8.26 - -
BHA in 5 ppm 2.5 7.68 0.58 0.22
and 5.0 7.23 1.03 0.20 0.240.04
EtOH in 500 ppm 7.5 6.44 1.82 0.23
10.0 5.29 2.97 0.29
0 8.26 - -
2.5 7.68 0.58 0.22
Not added 5.0 7.23 1.03 0.20 0.2470.04
7.5 6.36 1.90 0.25
10.0 5.21 3.05 0.30
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