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A Study on the Mutagenicity of Autoxidized Soybean Oil
Jin-Young Lee and Myung-Soo Ahn

Dept. of Food Science and Nutrition, Sungshin Women's University

Abstract

Commercial soybean oil, which did not contain any antioxidant, were autoxidized at 60 + 2°C for 79 days, and the
changes of peroxide value(POV), thiobarbituric acid value(TBAV), conjugated dienoic acid(CDA) content, and
fatty acid composition of the oil were studied during the 79 day-storage period. The samples with POVs of 0, 150,
300, 500, 450, 400 and 300 meq./kg oil were used for the test of mutagenic activity. The Ames test was carried out
with and without metabolic activation. Bacterial strains used in this study were the histidine auxotrophic strains of
S. ryphimurium TA100, TA1535, and TA 102 for the detection of base pair, and TA98 and TA1537 for frame shift
mutations. Each series of samples was dissolved in tetrahydrofuran(inhibitor free) and tested at doses ranging from
0.05 to 5 mg/plate. The autoxidized soybean oil increased significantly(p<0.05) the number of His" revertant col-
onies in cases of TA 98 with 89 mix, TA100 without S9 mix, 1535 and 1537 with and without S9, respectively.
The samples having the highest peroxide values showed the strongest mutagenicity. It seemed that the amount of
hydroperoxides in the oils was closely related to the mutagenic activity of the respective oils.
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Ames testr] 750} 33 FAL Felal= ¥ AL
45+ L-histidine, biotin, crystal violet, ampicillin %
tetracycline®} Al 8545 34511 AM&3 tetrahyd-
rofuran(THF, No. 27,038-5}% Sigma Chemical Co.
(USAPIAM, T3 o P Edmel 5L 43 2 34
8l=d A5 dimethyl sulfoxide(DMSO): Merck
Chemical Co.(Germany)ol} M, Vogel-Bonner # 4> glucose
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glucose-6-phosphate monosodium salt¥ Simga Chemical
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Table 1. profiles of the concentrations of positive control on

each strains (1g/plate)
-S +S
Strains . ’
Mutagens Concentration Mutagens Concentration
TA 98 2-AF 0.1 2-AA 0.5
TA 100 2-AF 0.01 2-AA 1.0
TA 1535 SA 0.5 2-AA 2.0
TA 1537  9-AA 80.0 2-AA 20
TA102 MMC 20.0 2-AA 10.0
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2-AF : 2-aminofluorene, SA : Sodium azide, 9-AA : 9-
aminoacridine, 2-AA : 2-aminoanthracene, MMC : Mitomycin C.
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Table 2. Physico-chemical changes of soybean oil autoxidized
at 60 + 2°C for 79 days

Storage time (days) ~ POV* TBAV®  CDA content”
0 1.0£00 004002 0.36:0.01
5 572101 0.86£0.0! 0.831+0.01
7 85.8:t0.0 095+0.04 1.06:0.01
11 1502102 146+0.03 1.27+0.00
15 180.5£08 1.89+0.03 1.84+0.01
19 230.2+0.1  225+0.06 241+0.01
24 2812430 243+0.04 3.13+0.07
27 2974+12 2641001 3.25+0.07
31 331741  2.73+0.03 3.30+0.04
35 3488+13 2771003 3.551+0.02
39 3779+ 1.1  2.8410.02 3.86::0.02

43 501.8+2.7 2.94+0.01 4.93+0.06
47 4944437 2961001 5.1410.03
51 480.1+£57 295+0.02 5.071+0.03
55 4452+33 2.85+0.03 5.58+0.02
59 433.6+0.1 2.83x0.01 5.071+4.93
63 3919120 2.87+001 4.93+0.01
67 4022+14 287002 4.8010.01
73 3451104  2.69+0.03 4.581+0.04
79 289.31+4.8 2711001 4.4110.03

a) POV : Peroxide value (meq./kg.oil).
b) TBAV : Thiobarbituric acid value.
¢) CDA content : Conjugated dienoic acid content(%).
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Table 3. Changes of fatty acid composition of soybean oil
autoxidized at 60 £ 2°C for 79 days

Storage time Fatty acids

@y9) “c . Ch Cu Ci: Cus CudCuo
0 1083 438 2258 5551 670 5.3
7 1089 435 2231 5551 695  5.10
11 100 440 2278 5497 685 500
19 1128 451 2339 5423 659 481
27 1155 461 2474 5306 605 459
35 1206 481 2450 5273 590 437
43 1304 S.03 2585 S079 519 3.89
55 1410 561 2741 4854 434 344
67 1642 645 3062 4344 307 265
79 1901 763 3376 3764 196 198

gz Al 15d A 63(1999)
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400 meq/kg.oil) ¥ 79U POV : 300 meq./kg.oil)el]l 2
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Table 4. The mutagenic effects of various concentrations of autoxidized(60 + 2°C) soybean oil by Ames test without and with

S9 mix
Storage Concentra Mutagens
time - -tion TA98 TA100 TAI535 TAI537 TAL02
(days) (mg/
plae)  —S9 +S9 -89 +59 ~59 +S9 -S9 +59 —S9 +59
5 273212 28+212 107+141 110£1344 81071 9+2.12  9+000 12+071* 234£778 249+849
1 263212 31:071% 109212 1132424 34212 10£2.12 10£071 102071 229£1273 25241273
0 05 274354 26283 120£354* 105£3.54 94283 7+0.00 8+141 11+071 241+849 2474849
0.1  26x141 29141 114+071* 1074£849 112000 7+071 13+141 9+071 239+£283 254+7.78
005 28+071 262071 101£212 1104141 7+141 8+141 10+2.83 I13+141* 230£778 244%12.02
5 324283% 252283 1262071* 111071 74212 7+000 [3+071 (1*2.12 280t 141* 290+ [2.73+%
1 29£283* 27£212 137+9.19% 1181212 84212 8+071 11+354 124071 252£495 275+7.78*
11 05 271141 264566 I73+1414%112£1202 8+141 7+141 114424 105041 235£778  260+9.90
0.1  25+071 272071 130+ 1061*110£849 B+071 12+071* 124071 12212 243£495 229+2.83
005 274212 294212 1041636 96+707 71071 11£212% 9+071 9+2.12 244+566 234%15.56
5 241202 26:141 11974.95% 147£849% [2£283* 12+ 1.41% 8+ 141 15+2.12* 281+ 2.83% 247495
1 272141 20£212% 142+2.12% 133£424% 12+ 141% 8000 8+212 814l 242£212 24342263
27 05 281212 264071 128+2.12% 136£566* 91212 94071 8000 8+2.12 228+1626 243+778
0.1  26+212 24£212 M47E1061*121£9.90% 12£0.00% 61141 9+354 9+000 234+636 262+5.66
005 26+071 24071 131+£849% 114849 9£071 10+071 9+141 9+071 223+566 250+ 1.41
5 28+354 3612.12* 178+3.54* 140+ 1061% 3714.24%25£2.12% 38 4.95% 64+ 566* 330L7.78% 313707+
1 30£354 312424 1591071% 138£2.83*% 141354 161141 20£0.00% 55+424% 208£071% 303+ 14.14*
43 05 241283 291141 1394566% 124+9.19% 814424 15+2.12% 141071 35+424% 251 £283 275+ 19.00%
0.1 241071 262071 124£2.12% 126£566% 6:141 9+071 [2£212 18+283 237£283 2714566
005 26+283 24636 12112.12* 1164778 61071 9+2.12 131354 1145071 226£2.12% 2454990
5 32%283* 63:£4.95% 20014.95*% 168£3.54% 1812.12% 461 5.66* 31£0.00% 62+849% 282 £495% 208+ 2051*
1 35:3.54% 55+283% 17246.36* [3414.95% 13+ 1.41% 32£4.95% 22+ 141% S0+ 1.41% 278 £4.24% 31242546%
55 05 274212 46=1131% 140+ 141% 1322990% 8141 25+2.83% 174212 324283* 276£990% 288+ 141*
0.1 265283 44 1061* 12142.12% 127£990% 9+2.83 131283 (5+424 26+495% 228+7.07 276+7.07
005 261000 29283 1154141 108£283* 7141 9+141 124354 15424 230t 1485 247+1697
5 27:141 511424% 215H707* 127£3.54% 7141 25+2.12% 14+2.12 42+2.12* 280L424% 200+ 14.14*
1 30+283* 331141 1824636 129+ 3.54*% 97H1131%23+ 141* 174495 26+ 141* 258£9.19  278+4.05+
67 05  23:283 314495 155+495* 1131990 52:44.24% 14£3.54% 132000 15f141% 2541636 281+3.54%
0.1 26:+283 254141 1204212 113£495 171141 8+2.83 O+071 14+2.12* 235£9.19 25241838
005 26+£2.12 26%212 115£14.14 111566 14+354 8141 9+141 112141 232£778 2534495
S 274212 38+£283* 1151141 138%3.54% 13 1.41% 17£0.00% 122071 41+4.95% 258+ 1626 281+4.04*
1 254212 37+2.12% 1144919 128£0.71% 55071 1S 141% 13£141 20+ 141* 257+1485 261+4.24
79 05  28%141 304071 117+354 12241344 17+354% 9+£283 13+£071 124071 257£424  253+5.66
0.1  25%071 24424 11011061 117£566 11+141 11+£354 104354 12212 263£3041 25341626
005 26+2.12 25%£212 1094707 11241131 9+141 8+283 124141 14071 2526778 247424
cegativecontrol 24+ 141 262071 101+636 1031424 8+212 7=141 124071 101071 243£849 244+ 1061

Positive control** 192+ 12.73 2231 10.61

5221106 57441273 126+7.78 138+8.49

257£12.02 230£2.123914£ 143.54 1430+ 101.12

*Significantly different from negative control values. p < 0.05.
**In case of without S9 mix: TA98 : 2-AF(0.1 ig/plate), TAL00 : 2-AF(0.01 pg/plate), TA1535 : SA(0.5 pg/plate). TA1537 : 9-
AA(80 ng/plate), TA102 : MMC(20.0 ug/plate).

Incase of with 89 mix: TA98 : 2-AA(0.5 pug/plate), TAL00 : 2-AA(1.0 ug/plate), TA1535 : 2-AA(2.0 ug/plate). TAI1537 : 2-
AA(2.0 pg/plate), TA102 : 2-AA(10.0 pg/plate).
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200 |

150

| =—Tat00 (POV 500) |
| ~a—TAI00 (POV 450)
| ~+~TAI100 (POV 400)
|:>—msa7 (POV 500)

—o—TA 1537 (POV 450)

Revertant colonies/plate
8

0 0.05 0.1 0.5 1 5
Concentration (mg/plate)

Fig. 1. Dose response of autoxidized(60 + 2°C) soybean oil,
usingTA100 and TA1537 without S-9 mix.

©® TA100, POV : 500 meq./kg.oil .

m TA100, POV : 450 meq./kg.oil (after stored for 55 days).

4 TA100, POV : 400 meq./kg.oil (after stored for 67 days).

O TA1537, POV : 500 meq./kg.oil.

0O TA1537, POV : 450 meq./kg.oil (after stored for 55 days).
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< o8 Hel9] sMistge] Eduo] ¥AE viag 9
hydroperoxide(R-OOH)H AT E4do] 4jo] Jepg

100

| ~=— POV 450
| o~ POV 400
| -0~ Pov 300

80

Revertant colonies/plate

20

[} 0.05 0.1 0.5 1 &
Concentration (mg/plate)

Fig. 2. Dose response of antoxidized(60 + 2°C) soybean oil,
using TA1535 without S-9 mix.

@ POV : 500 meq./kg.oil.

M POV : 450 meq./kg.oil (after stored for 55 days).

© POV : 400 meq./kg.oil (after stored for 67 days).

[J POV : 300 meq./kg.oil (after stored for 79 days).

50

w0l [ —e-Pov 500 s
| -=~POV 450 59
| —o—POV 400 S8

| L—D—PW 300 S9

30

20

Revertant colonies/pliate

0 0.05 0.1 0.5 1 £
Concentration (mg/plate)

Fig. 3. Dose response of autoxidized(60 + 2°C) soybean oil,
using TA153S with S-9 mix.

® POV : 500 meq./kg.oil.

W POV : 450 meq./kg.oil (after stored for 55 days).

C POV : 400 meq./kg.oil (after stored for 67 days).

1 POV : 300 meq./kg.oil (after stored for 79 days).
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70

Revertant colonies/plate

0 0.05 o.‘1
Concentration (mg/plate)

Fig. 4. Dose response of autoxidized(60 + 2°C) soybean oil,
using TA1537 with S-9 mix.

® POV 500 meq./kg.oil.

W POV 450 meq./kg.oil (after stored for 55 days).

7> POV 400 meq./kg.oil (after stored for 67 days).

1 POV 300 meq./kg.oil (after stored for 79 days).
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