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Abstract

This study was performed to measure the mutagenicity of fish by cooking and storage. Mutagenicity of the fish
extract was measured by Ames test(Salmonella typhimurium reversion assay with TA 100) in vitro and by micro-
nucleus test in vivo. The fish samples screened in this study were white fish(Trichiurus, Croaker, Salted Croaker)
and red fish(Saury pike, Mackerel, Yellowtail, Salmon). The number of revertants of red fish were significantly
higher than that of white fish. And the mutagenicity of mackerel was higher than other red fish, so followed exper-
iment was made by using the extract of mackerel. Mutagenicity of the samples cooked on microwave oven was the
lowest, whereas there was no significant difference between the samples cooked on gas grill and the ones on elec-
tric grill. In the presence of S9 mixture, the methanol extract of mackerel showed 2~4 times high values of mutage-
nicity in comparison with the extract without S9. The extract of mackerel cooked with various vegetable juices
showed inhibitory effects on the mutagenicity in the order of green tea, ginger, and radish. Also, the number of
revertants was increased in the stored samples. Mutagenicity of the samples stored in the refrigerator was higher
than that of the freezer. In micronucleus test, the methanol extract treated with vegetable juice inhibited micro-
nucleus formation in bone marrow by cyclophosphamide in the order of ginger, green tea, and radish. In TBA test,
there was a tendency that TBA values were increased as the storage time increased. Also, the rancidity of sample
were stored in the refrigerator was higher value than sample stored in the freezer. Samples cooked on microwave
oven showed the highest value in rancidity. When the antioxidant effect of vegetable juice was measured by elec-
tron donating ability(EDA) of mackerel cooked with vegetable juice to DPPH, the samples treated with onion
showed the highest value of EDA(%), and the samples treated with green tea, ginger and cabbage also showed the
antioxidant effect.
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2 AF A Q) 31750y (Mackerel), AE21 (Saury pike), B
o] (Yellowtail), 1o (Salmon)e} 31 A+ YAl 279} G4
Z7](Croaker, Salted Croaker), % ZX|(Trichiurus)=
199851 2-3%el] A& 715 PAREAIANA 813l 7}
AFSIRE AlRE o833, Ames testE 18F S9 co-
factor®} D-biotin SigmaAlZ-45€] FU318337, L-histidine
monohydrochloridei= Katayama Chemical Co.(Japan),
nutrient broth®} agar= Difcorl245-E], Arochlor 1254+
Chem. serviceAF2H-E] T4 - A-8-3}33 v}, Micronucleus
testZ 9] 3k FBS(Fetal Bovine Serum)$} PBS(Phosphate
Buffer Saline)+ Gibco BRLA}F22-E], Giemsa solution
(Kiesel gel 60 F254y= Merck A &= o]4slsict . 9
5 = IEAIE o]4318I0)h. Ames testE $13H ]
#{w o] ¥ (direct mutagen).2-Z+ 4-NQO(4-nitroquinoline
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oxide)E-, 7H4 ™ o] ¥ (indirect mutagen).2.Z benzo(a)
pyreneE Wako Chemical Inc.23E] -4]5le] ARl
™, Micronucleus testZ 913} cyclophosphamide™ Sigma
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Ames testol] AM-E= T2 Salmonella typhimurium
WHo|FF Z 971X)8+3] (base-pair substituent) ¥ o]H#<2]
TA100% F732F AE1] 5%} 23fol|r] Eepito} Maron
3} Ames®] ¥bg o)) w2} histidine 74, crystal violet
74524, UV 24, ampicillin WAL, Al 29 S99
ol 59 A A FRIgH F Aldel] AlSslsi
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LE(-18°CpIA 74, 30, 90d EohE AAEEA A
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5. &k E10| EE (Positive control)2| =H|
Benzo(a)pyrene= dimethyl sulfoxide(DMSO)1 m/ %
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0.1 mg®& 33 F microfilter(0.22 pm)E 32t HF
sted AgAle] 1082 3 M)A plate®d 1 ug/0.1 miY
FEZ A9 T, 4-NQOE DMSO 1 mid 0.025 mg
9 FER ZAF F, AgA] 10ZE Z A plated
0.025 ug/0.1 mi®) FE2 A3}l

6. Mutagenicity Test

Ames testS 702 preincubationd & o] £},
TFE Salmonella typhimurium tester strains TA100-S
AHg-3l9d =} Original weight 0.5 mg, 2.5 mg, 5.0 mg,
10mgel] #sl= 5=2 methanol FEES 3 F,
plated 0.1 m] $=7} H=5 DMSOE Yol & 54
F dFsle] A= plaed 0.1 mis ARSI H

FRF 05ml =X 4%9] 95 T+ S9 mix.
0.5mi2} test compounds 0.1 mi/, ©]2] »|k3t 5
0.1 mi(1 ~2X 10°celVml)Z 2 4] 37°Cell A 20£-3F
A ulu) kg F, 10%2] histidine/biotin solutions ¥ -
top agars} A A Ao} mlg] w5 ¥ minimal
glucose agar plates] E2dsle], 37°CollAl 48417F wijoFsl
o] A7) his" revertant colonyZ Al Z3le] SqHlHA
9] §55 A3 2E AL & = 7 I
plateZ AH-&-3} et

7. Micronucleus test
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Table 1. Mutagenicity of the methanol extract of mackerel cooked on gas grill, electric grill and MW in the Ames test on S.

typhimurium TA100 without S9 mix

No. of revertants

Cooking Cooking Concentration of original weight(mg/plate)
Instrument Condition 05 25 50 10
200 93.33+6.66° 109.3345.69° 143.33+4.04" 143.00+1.00"
Gas Grill 260 106.67+9.29° 125.33+£3.79" 171.00+2.65 128.00+£2.00°
320 117.00%5.29° 137.33£ 149" 178.00£8.19* 87.00%2.00"
200 85.00+8.19° 148.00+ 4.36" 143.67+£7.51° 143.67£1.53"
Electric Grill 260 84.331£5.51° 137.67+£2.52° 171.671£0.04° 131.67£3.79°
320 05.33+13.43" 172.33£9.45" 183.33+9.50° 105.33+£10.79°
Microwave oven 3 min 65.67£4.16° 87.00+2.65 107.00+3.61° 91.33£5.86"
6 min 67.00+4.58" 93,67+ 3.06° 116.67+6.03" 102.33+3.06

Values are mean £ SD of 3 plates in each group. Different alphabet means different value significantly at p<0.05 by Duncan’s multiple

range test.

Spontaneous revertants of S. syphimurium TA 100 : 3414
Positive control : 4-NQO(0.25 pg/plate) : 406+ 2
Control(raw mackerel) : 81.00%2.00(5.0 mg/plate)

HZEAR AMEE 4-NQO(0.25 pg/plate)?] B7)E<duo]

TE 406120]91.27, A9 BRE FEeM BAHER
Ho| 7 A8 EQeldEr} ¥} Table 1
oM} 2be] A7) a1t 7oA zeldt BE AR
2] A% 50mgplated] FE/MAE T EHeE W
o€l e] F7HHE o 4 Aot 10 mg/plate?] F=ell
A 238 gasEE AFS e 5mgplated] Bl
A WeliAde] 71 A vebdE & 4 Qisde wel
A B Age] Al FEFES 5Smyplae® o
ol AARIAZ 23S A4 2 AHE Bloh
=3 A7|1aY 9 kAl Fely BE Ryl &
71tel whe} B gl 47} Fvlsted 320°CollA

250

200 a

150

No. of revertants

200°C 260°C 320°C

g gas grill melectric grill

Control

Fig. 1. Mutagenicity of the methanol extract of mackerel
cooked on gas grill and electric grill in the Ames test on S.
typhimurium TA100 without S9 mix.

p<0.05

Spontaneous revertants of S. typhimurium TA 100 : 3414
positive control : 4-NQO(0.25 ug/plate) : 406 £2.12
Concentration of sample : 0.5 mg/plate
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Fig. 13} 20]] et vfe} o] MAIE@Z2F)] 7
S BAEQelFg7 81.00£2.00019% 7l wls) 7}
2T A 200°CE Z23 A8 A B g
7} 143331404, 260°Col| A= 171.67+2.65, 320°C
A B 178.00+£8.192 ZE| %7} L4 Eody

60

No. of revertants

40

20

Control 3 min 6 min
cooking time

Fig. 2. Mutagenicity of the methanol extract of mackerel
cooked microwave oven in the Ames test on S. typhimurium
TA100 without S9 mix.

p<0.05

Spontaneous revertants of S. typhimurium TA 100 : 34 £4
positive control : 4-NQO(0.25 pg/plate) : 406 £2.12
Concentration of sample : 0.5 mg/plate
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olfAe] folH g A viERdTH(p<0.05). A7])2H9]
744 200°C, 260°C ¥ 320°CollAME= 2+ B EdH ol
F57F 145671751, 170.67£0.04 2 179.23+£7.152
260°C ©]4e] XM oAz 2 Wl s
Ebfede}. Hisayokoba 52 ¢k4] ule]Z 7| 1el|A
7hd 2L W YA S Held BAde] 10w 1eF
FAUok BsiARt, 2 dTeMe 58 A7)
dollA 260°CE. 7} 22|7 A B7) AR i A=
2] Wl AL et o= A8 H 7ld Zg
9] 271o] H27| wiieleial ARG, i~ A7)
I8 25 3200cY W 7B 22 el S vE
gl ARR o] 87| JERE v Adelgenz
B dFor= 260°CY Al RE AAsKI. AAjAA =
Z23}9 S A$ d27(81.002.000] ®]3] 3E(107.00
+3.61)7 68(116.6716.03)F2 3 A|B7} feHoz
FS Bl UAE Bloh(p<0.05).

3. CHAFEMEEE FHIIo| e HolAdY

ASe]E AlB.(5.0 glplate)E. 3l Aroclor-12542
=3 A} AAERQ S9 mix. H7HAL] BAEAWe]
T A= Table 29} Zv} 89 mix. & H7MA = S
typhimurium TA10000A A}AEH EQo|dg} 7845
0]g]al oFAd=EAZ benzo(a)pyrene(l pg/plate)E- AF
4312189 10712 1.508] AQEFAEDHNTTE b
o] §9 mix.Z H7}3MA] ¢33 SFANZERAZ 4-NQO
(0.25 pg/plateys AMERE A-72 AAEF EAHo| T
Ql 406+2.128c oF 2509 Edwe]AdS vepigl
ok AEZAAIR R Bl 7z A 25 0

Table 2. Mutagenicity of the extract of mackerel cooked
with different cooking ents in the Ames test on S.
typhimurium TA100 with S9 mix

Cooking Instrument  Cooking Condition ~ No. of revertants

Control 224.33+5.13°
200 293.00+ 17.77°
Gas grill 260 313.00£12.12°
320 413.66+11.06°

200 295.0049.84°

Electric grill 260 314.33+£8.08"
320 415.66% 16.62°

Microwave oven 3 min 254.66+4.73°
cove 6 min 29500+ 11.53°

Values are mean & SD of 3 plates in each group. Different
alphabet means different value significantly at p<0.05 by
Duncan's multiple range test.

Spontaneous revertants of S. typhimurium TA 100 : 78 £5
Positive control : B(a)P(1 pg/plate) : 1071+ 1.5

Control : raw mackerel

Concentration of sample : 5.0 mg/plate

gz 35 % 4 164 Al 6 2(2000)

Moz 2 Wo|9AE vl (p>0.05), ¢l o
Ab BAEE TRV 22 Az stdze]e o)
HWeligdo] frelez AP S o F U =l
M AR 2Jgt zelr} o Ze]ubyel] Hls)
Fro)dez o W2 EdHeldd S Balvth 89 mixE
A7 dske die} vRZIAE Zkaas A7) T
Ao Eao|dAd-E 320°CE 2l o FH w2
S| 9 S el

S9 mix. A7l &Js Sl o] o 24 A=
7kl A e, 2 50 7ol ospd 4t
9] fried®] 2} broiled 2] methanolFZ &<l S9 mix.
2] A7) 57 Eddeldgvt of 5-10 A= F71E
il b Ao} 2 Agkelgl ot B dyrg w2 F
do] WS el A2 Als AHA] B & F§
T o} FE351907) wfitel] ¥ A7EG 2 F9e]
S viElvl AlEEe ged J1d " 35
F230) 49 2y Swelglehe 24 Sallel)
(indirect-acting mutagen)e] o o] E3tEe] gJ& 7o
= oAt

4, =2|7]7|d SH0|Y

TEo] A& 5.0 mghplaes FHEEEE sl TEle®
260°CE SE7F 7I~ad, A7)l 7ldzalst Zlg
microwaveol| A 627} F2|A] A 52 EdHo|HUA S
Fig. 39 veblglch 27 286lM 260°CE. Ze]dt Ao
7yl M 260°CE &g A vlasiy f-2)He
el gl ot gzt WS Bl S Byl L A
AHAZ 6587 223 A8 7R eyt A7) a8

No. of revertants

electric grill 260C MWBMmin

cooking instruments

gas grill 260°C

Fig. 3. Mutagenicity of the methanol extract of mackerel
cooked with different cooking instruments in the Ames test
on S. typhimurium TA100 without S9 mix.

p<0.05

Spontaneous revertants of S. typhimurium TA 100 : 34 +4
(-S9), 78 = 5(+S9)

positive control : 4-NQO(0.25 pg/plate) : 406 +2.12
Concentration of sample : 0.5 mg/plate
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ArolME SES ol8sh e Z2] WS 8%
2x o] ol ATAS o)FS FA et
T AelM 7let EE ol ge 2§ o] @2 =2
He] vl A7)t B3 AoR A7) wil, )
a3} Fkaade) 23 frelxke AT A7)
o3 Z=23 Aart o /e fRslem A7
HellA 260°CE 5%t 7Hdz2|d T8 XS RE
Aol A&t

5 MM =R M2 HoldM

F2 A A el 3] (Mackerel), o] (Salmon), B}
o (Yellowtail), 4H%)(Saury pike) 423+ 3 AF A<l
ZX] (Trichiurus), 7] (Croaker), 9427](Salted Croaker)
9] 328 Ar)adeld 260°CE 5E7F 7 FE| st
FE%5E 5.0mg/plateE Ames testdr A= Fig. 49}
Zeh Be Al o] 145674306~ 160331220502
Ak o] BAEdH o)l 45.50£3.54~65.33+
16.802 0} E<dwe]Ade] ) oA folHog A o}
ERRTH(p<0.05). ol H& A Ao Aslsge] 3 A
AR gy w3t oy} B¥ sl Auike g ne] of @
< free radical®] QA1 =e] DNAY} RNA 2 ghia o]
el o3RS F91S A o2 AR Fe A el
3150 (160.33122.05), A1) (145.67% 3.06), B (150.67+

No. of revertants

Trichiurus ~ Salted  Croaker Saury pike Mackerel Yeliowtail Salmon
croaker

Fig. 4. Mutagenicity of the methanol extract of fishes
cooked on electric grill(260°C, 5min) in the Ames test on
S.typhimurivm TA100 without S9 mix.

p<0.05

Spontaneous revertants of S. ryphimurium TA 100 : 34 +4
Positive control : 4-NQO(0.25 pg/plate) : 4062
Concentration of sample : 5.0 mg/plate
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B35 HE, T o8, A, PssE B3 35
= 59 Tl Z7 2087 AR F A adA
260°CE. 587} Z=2]8led 80% methanolZ &3} A8
F FEEE 5.0 mg/plate® A3} Ames testdt A3}
£ Table 33} 2} of=] FAjelol| s Sl
Fol fejHoz S-S o4 4 AUed, $9 mixE
AMSIR] ok A7 aEeM ZEGPE A H2H65.5E
6.36) > A7H(90.67+ 10.50) > T-(103.00% 15.00)] 2202
S2ke] Fddel A A3} 7 A el s9
mixF A7 E 27 vlE] fejHe AR
7t F2f, A7, T AR Ve, ol -, okl
=, A7l 23] el AR FEEC] S]] o
A=A A 5% Qe FARE dajo|ot. HE, oF
T, ShilF= Bodo] JAlEA e Qo] 7aaa) A7)

Table 3. Prevention of mutagenicity of the methanol extract
of mackerel cooked with vegetable juice in the Ames test on
S. typhimurium TA100

No. of revertants

Sample

-S9 +59
Control 133.00% 11.36" 306.00% 1442°
Lemon 120.33£16.77" 231.00+ 11.00°
Radish 103.00+ 15.00™ 233.0049.54°
Onion 111.674+20.43™ 241.50%0.71°
Ginger 90.67-+10.50° 230.00% 8.49°
Cabbage 120.67+15.95° 24433+ 11.68°
Green tea 65.5+6.36" 226.001 8.49°

Values are mean = SD of 3 plates in each group. Different
alphabet means different value significantly at p<0.05 by
Duncan's multiple range test.

Spontaneous revertants of S. typhimurium TA 100 : 344(-S9),
785(+S9)

Positive control without S9 mix. : 4-NQO =513 +6.54
Positive control with S9 mix. : B(a)P = 746 £ 12.12
Concentration of sample : 5.0 mg/plate

Cooking condition : electric grill, 260°C for 5 min.
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Jr %Exiﬂ(o 7, 30, 90%) 7|7kl WhE Sd o] frik
Abglo] A AR ok A=
Gl %917‘42&- Edo|F4r) Z71=9vt. $9 mixE
A7 g1 35l E A7) a-elA 260°CE ZE] A,
39 2AFA) 181.33+£18.23, 7 AAA] 199.674 10.50,
2 149 YRR Aol = 205671 7.642 A 7Y AE
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storage period (day)

Fig. 5. Mutagenicity of methanol extract of mackerel
according to refrigerated storage and reheating by MW in
the Ames test on S. typhimurium TA100.

P <005

Spontaneous revertants of S. typhimurium TA 100 without S9
mix.: 34 £4

Positive control without S9 mix. : 4-NQO (0.25 pg/plate ) =
548+54

Cooking condition : electric grill, 260°C for 5 min.
Concentration of sample : 5.0 mg/plate
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Fig. 6. Mutagenicity of methanol extract of mackerel
according to frozen storage and reheating by MW in the
Ames test on S. typhimurium TA100.

P<0.05

Spontaneous revertants of S. typhimurium TA 100 without S9
mix. : 344

Positive control without S9 mix. : 4-NQO (0.25 pg/plate ) =
548+54

Cooking condition : electric grill, 260°C for 5 min.
Concentraion of sample : 5.0 mg/plate
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Micronucleus test®] Z 3}, cyclophosphamide®t-& 3]
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el 257} ol 8 MnPCE 97t E71=EIge,
320°CE. 28R-E 7ol o GAA 57l 0.88+
0.012A4 w2} 200°CE Ze]gt Aol vl oA
2= p<0.05) 2 FXF vellch Ames tesiolld] =

Ae) 1 A FEAT Eok AR FAL, 5, Al
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o} =2 o] 8-3ll micronucleus testZ ¥+ A= Table 49}
Ze}, Z3), 5, A7l AR AR 2 066+
0.04, 0.56+0.04, 0.524+0.025°2 MnPCE®] ¥]& 4
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o] "Heh. BRI} PeAgAle] 2Fele Al
=% A% A= Fig 73 8l WeERisle. Fig. 7o)l

MnPCE/MnPCE+PCE

Controt 200 260 320
cooking temperature (°C)

Fig. 7. Micronucleus formation by mackerel cooked on
electric grill.

p<0.05

Cooking condition : electric grill, 200°C, 260°C and 320°C for
5 min

0.8 b
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0.4

0.2

MnPCE/MnPCE+PCE

Control Ginger Green tea Radish

samples

Fig. 8. The inhibition effect of micronucleus formation by
mackerel cooked with vegetable juice.

p<0.05

Cooking condition : electric grill, 260°C for 5 min
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Fig. 9. TBA value of mackerel according to reheating and
reftigerate storage by electric grill and MW.

p<0.05

EG = mackerel cooked by electic grill at 260°C for 5 min
EG(R) = EG reheated on microwave oven for 1 min

25

Control 3 30 90
storage period (day)

Fig. 10. TBA value of mackerel according to reheating and

frozen storage cooked on electric grill and MW.

p<0.05

EG = mackerel cooked by elecric grill at 260°C for Smin

EG(R) = EG reheated on microwave oven for 1 min
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Table 4. Electron donating ability(EDA) of mackerel
cooked with vegetable juice to DPPH

Sample 0D EDA(%)
control 0.898

lemon 0.856 4.67
radish 0.832 7.34
onion 0.807 10.13
ginger 0.815 924
cabbage 0.826 8.01
green tea 0.811 9.68

OD value : Decrease in OD;,, during 10 minutes.
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Fig. 11. Correlation of mutagenecity and rancidity for
mackerel according to cookery on electric grill(260°C, 5
min.) and refrigerated storage (0-14days).

O.D. : value of rancidity (TBA test)
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Fig. 12. Correlation of mutagenecity and racidity for
mackerel accoding to cookery on electric grill(260°C, 5
min.) and frozen storage (0-90days).

QO.D. : value of rancidity (TBA test)
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