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Abstract

The effects of raw anchovy, salted raw anchovy (20% salt+anchovy), 6- and 12-month fermented anchovy
(20% salt added) on the N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)-induced mutagenicities were
evaluated using Salmonella assay and the SOS chromotest. The methanol extracts from raw, salted and the
fermented anchovy (FA) sample increased the revertants of Salmonella ryphimurium TA100 at the level of
0.125~5 mg/plate in Ames test. The salted raw anchovy extract induced the largest number of the revertants.
All the FA extracts had comutagenic effect on the MNNG. Twelve-month FA juice exerted the lowest
comutagenic activity among the FA samples. The comutagenicity of 12-month FA was due to the synergistic
effect of salt and histidine which teem in FA. Thus the Ames test using histidine requiring mutant, S.
typhimurium, is not appropriate to determine the mutagenicity of FA which is rich in histidine. In SOS
chromotest using E. coli, raw, salted and fermented anchovy extracts did not show any mutagenicity in the
absence of MNNG. The raw and fermented anchovy samples blocked the SOS response of E. coli PQ37
induced by MNNG, while raw salted anchovy increased the SOS induction factor. Twelve-month FA juice
showed higher antimutagenic effects than 6-month FA samples (both solid and liquid). The ripened (12-

month) FA along with raw anchovy in the SOS chromotest exhibited antimutagenic activity.
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Hx g YA dfh-EF-EES 0.625-2.5 mg/plate
2 A5l Ames testol]l M MNGel| =3t ZEdo]
HAYEE & A= Table 28} 2o}t AEA] dgke
#2282 0.625 mg/plae} 1.25 mg/plate 737]—3"—54]/\']
247} 427423, 484120008 EHEAW o] 8 Yeh)
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+E vehle] AdAed A% /S 9 F9H
L2 BEQWHe] fie] x9S A 4 QY
(p<0.05). EE ArhskelA HEs FxFe] A

Table 1. Effect of methanol extracts from anchovy and fermented anchovy on the mutagenicity in the Salmonella

typhimurium TA100

Sample(mg/plate) Revertants/plate
amplel
pletmg/pa 0.125 025 05 125 25 5

Spontancous 126112 126112 126112 126% 128 126%12 126% 12
Raw anchovy 160£15° 17it8 191 £18° BIL19 2501214 311E 13
Raw anchovy +salt? 12543 1304 4° 154413 278+6" 556+21° 665 +29°
6 months FAS? 115+ 6 11548 129+ 2° 235+ 20° 356+ 30" 458+ 20°
6 months FAL? 1331 6" 1534 4° 156+ 10° 1801 6° 224£29° 271+ 130
12 months FAJ* 108+ 9 12418 135+ 8% 71E10° 270+ 16° 321 £3%

YRaw anchovy : salt = 80 : 20
YFermented anchovy solid
YFermented anchovy liquid
“Fermented anchovy juice

*<¥Means with the different letters in the same column are significantly different(p<0.05) by Duncan's multiple range test.
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Table 2. Comutagenic effect of methanol extracts from anchovy and fermented anchovy on mutagenicity induced by N-
methyl-N'-nitro-N-nitrosoguanidine (MNNG; 0.2 pg/plate) in Salmonella typhimurium TA100

Sample Revertants/plate

P 0.625 mg/plate 1.25 mg/plate 2.5 mg/plate
Spontaneous 90*11 90+11 90£11
Control 606 £28° 606 1 28° 606+ 28"
Raw anchovy 427£23 484 +20 804 + 16°
Raw anchovy+salt” 512418 660+ 30° 981 +44¢
6 months FAS? 97547 1184£21° 1327 +20°
6 months FALY 1136+22° 1260+ 32* 1490 4 18°
12 months FAJY 957+31° 1051 1 40° 1187+26°

YRaw anchovy : salt = 80 : 20
YFermented anchovy solid
YFermented anchovy liquid
“Fermented anchovy juice

*Means with the different letters in the same column are significantly different(p<0.05) by Duncan's multiple range test.

Table 3. Effect of methanol extracts from fermented anchovy and histidine on the mutagenicity without or with N-methyl-
N'-nitro-N-nitrosoguanidine (MNNG; 0.2 pg/plate) in the Salnonella typhimurium TA100

Sampl C tration(ug/plate) Revertants/plate

ample C ation

P oncentrationpg/pla MNNG - MNNG +

Spontaneous 108+ 1¢¢ 108+ 10

Control( MNNG) 621434

12 months FAJY 2500 308418 1103134

Histidine 4 126+ 12¢ 681 +29°
g? 134+ 207 752+ 34
16 153£12° 798 +37*
32 189+ 9° 832419

YFermented anchovy juice

22500 ug of methanol extract from fermented anchovy juice contains 8 pg of histidine
“Means with the different letters in the same column are significantly different(p<0.05) by Duncan's multiple range test.
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Table 4. Comutagenic effect of methanol extracts from
fermented anchovy, salt, histidine and histidine+salt on
mutagenicity induced by N-methyl-N'-nitro-N-nitroso-

guanidinefMNNG; 0.2 pug/plate) in  Salmonella
typhimurium TA100
Sample Revertants/plate
Spontaneous 127+ 9
Control 793 +33¢
12 months FAJ" 2.5 mg 1140+ 29°
Chunil salt 0.7 mg 937+32f
1.4 mg 1617+ 54¢
Chunit salt 1.4 mg+ histidine 4 ig 2239+ 16°
8 ug” 2310+ 17°
16 pug 2369 +20°

DFermented anchovy juice

2.5 mg of methanol extract from fermented anchovy juice
contains chunil salt 1.4 mg and 8 pg of histidine
*fMeans with the different letters in the same column are
significantly different(p<0.05) by Duncan's multiple range
test.

T AFNME in vivo Drosophilla B o] 73EA] o]
A by e Ae) FAEAT e HYdA 7 AR
52 2E Ay o 2E A8} Ay wss
ARH veht o AR Eqhde] fEAdel glxict

MNNG} 37 24 9 Hx39] veheFE5g 2
well % 25~100ugS &gt ZA#(Table 6), 25, 100
ug MeAl g vekeEEL 747t 13, 35%2 E
ool i HaEaE Byt aev &F5& AUt
3 g ofeheREEL 250 ¥E FERAAME
P 2FMNNG Azl 22 2972 SOS induction

factorZ VEPAT 100 ug B7FsEME 3679 &
SOS induction factor® Yo} 489 HrlE2 RE
Ade]ido] ol HF = Uit HEH P
A ughe2E2 25ug A7 13-18%2] S
o] AE Byt Arls=Ert 100 uge2 FobAlw
A 5-15%%. 23] E9de] dAlEN} FFAE A,
=3 AP (35%) R} & FQHe] fi AAES
£ Bgd gy ArlEe &7 w2 Fod B-
galactosidase®] #Ae] Folr REAHE frddt A
o2 welgt

o= in vivo Drosophilla Q¥ ] AEA A
MNNGS] AME EQwe] fde] wlX= F3kg A
HE Az}, &) B X small mwh spotssh
large mwh spots®] Z¥ulTo] ] 5 BEGWHe]
BAE dgch I 1014z HEE PxAAe] el
A wEg xR Bo g2 gEdwe] ANXE
yehfiglon, 283 GaER] o2 "AARY B¢
gl 93 HEgue|rl fiE 4 sl kg

H| A A Edwlo] FUEA 3 PEHE F
7] A8 FAAEe] vl EFEES hexaneTEET
methanol soluble fraction(MSF)2-2 }3¢] SOS
chromotest® 3 th(Table 7). ©] 7% Azl AME-H
8 AU 232 £E44ELE MSP E4)
3}y hexane F2-Eoll= AN 33 N84 A
Eo] FAES. 50 ug/welld 100 pg/well H7FsEoM
BT 23 #Hel dx)¢] MSF= WeheSEERo ¥
EoduiolAo] Eotrh 12047 THAF] FHAAZ o

Table 5. SOS response of methanol extract from anchovy and fermented anchovy in E. coli PQ37

B-Glactosidase(B) Alkaline phosphatase(p) SOS induction
Sample ; - B £
OD,,, Unit 0D, Unit actor
Spontaneous 0.523+£0.01 174 04241002 14.1 1.23 1.00
25 pg/plate
Raw anchovy 0.537£0.02 179 0.447£0.01 149 1.20 0.98
Raw anchovy+salt” 0.512+0.03 17.1 0.453+0.01 15.1 1.13 091
6 months FAS? 0.534£0.02 17.8 0.4361+0.02 14.5 1.23 1.00
6 months FAL” 0,519+0.01 173 0.448+£0.03 149 1.16 091
12 months FAJ¥ 0.510+0.01 17.0 0.465£0.01 155 1.10 0.89
100 pg/plate
Raw anchovy 0.526 £0.01 17.5 04411002 147 1.19 0.97
Raw anchovy+salt" 0.5431£0.01 18.1 0.425+0.01 142 1.27 1.03
6 months FAS? 0.524£0.05 17.5 0431001 144 1.22 0.99
6 months FALY 0.538£0.07 179 0.435£0.01 14.5 1.17 0.95
12 months FAJY 0.533+0.01 17.8 0.42610.01 142 1.25 1.06

PRaw anchovy : salt = 80 : 20
YFermented anchovy solid
*Fermented anchovy liquid
YFermented anchovy juice.
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Table 6. SOS response of methanol extract from anchovy and fermented anchovy against N-methyl-N'-nitro-N-nitroso-
guanidine(MNNG, 40ng/assay) in E. coli PQ37

-Glactosidase! Alkaline phosphatas i i ibiti
Sample B-Glactosidase(B) ne phosphatase(p) @) SOSinduction Inhibition
oD,,, Unit 0D,y Unit factor rate(%)
Spontaneous 0.490:+0.01 163 0.42410.02 14.1 1.16 1
Control 1.498 £0.04 49.9 0.43610.01 14.5 3.44 2.97
25/plate
Raw anchovy 1.500+0.02 50 0.471+0.01 15.7 3.15 271 13
Raw anchovy+salt” 1.641+0.03 54.7 0.475x0.01 15.7 3.45 297 -
6 months FAS? 1.4393+0.02 48.0 0.455+0.02 15.2 3.16 272 13
6 months FALY 1,437 £0.01 479 0.466 +0.03 15.5 3.08 2.65 16
12 months FAJY 1.41110.01 47.0 0.4651+0.01 15.5 3.03 2.61 18
100/plate
Raw anchovy 1.173+0.01 39.1 0.441£0.02 14.7 2.66 229 35
Raw anchovy+salt” 1.736 0.1 579 0.408+0.01 13.6 4.26 3.67 -
6 months FAS? 1271 £0.05 424 0.381£0.01 12.7 334 2.88 5
6 months FALY 1.282+0.07 42.7 0.394£0.01 131 325 2.80 9
12 months FAJY 1.284 £0.01 42.8 0.4131+0.01 13.8 311 2.68 15

YRaw anchovy : salt = 80 : 20
PFermented anchovy solid
YFermented anchovy liquid
YFermented anchovy juice.

Table 7. SOS response of methanol extract from anchovy and fermented anchovy against N-methyl-N'-nitro-N-nitroso-
guanidine(MNNG, 40ng/assay) in E. coli PQ37

. Alkaline SOS _
-Glactosida:
Conc. Sample B-Glactosidase(B) phosphatase(p) (B)(p) induction Inhibition
(ug/well) - - rate(%)
oD, Unit oD, Unit factor
Spontaneous 0.656 +0.01 219 0.457£0.01 152 143 1.00
Control(MNNG) 1.300+0.01 43.3 0.456 +0.01 15.2 2.85 1.99
50 Raw anchovy MeOH ext. 1.191 £0.01 39.7 0.449+0.01 15.0 2.65 1.85 14
Hexane ext. 1.245+0.01 41.5 0.455+0.01 152 2.73 1.90 9
MSF 1.083+0.01 36.1 0.433+£0.01 14.4 2.50 1.74 25
Raw anchovy MeOH ext. 1.288£0.01 429 0.429£0.01 14.3 3.04 2.13 -14
+Chunil salt” Hexane ext. 1.207+£0.01 47.0 0.442+0.01 14.7 2.73 1.90 9
MSF 1.3391+0.01 44,6 0.421+0.01 14.0 3.18 2.22 -23
Chunil salt® 1.478 £0.01 49.3 0.5251+0.01 17.5 2.82 1.97 1
12 months FAJ®  MeOH ext. 1.2374+0.01 41.2 0.477+0.01 15.9 2.59 1.81 17
MSF 1.3401+0.01 447 0.483+0.01 16.1 2.77 1.93 5
100  Raw anchovy MeOH ext. 1.077£0.01 35.9 0.445£0.01 14.8 242 1.69 30
Hexane ext. 1.151 £0.01 38.4 0.4601+0.01 15.3 2.50 1.75 24
MSF 1.017+£0.01 339 0.440£0.01 14.7 231 1.61 38
Raw anchovy MeOH ext. 1.41410.01 47.1 0.4461+0.01 14.9 317 221 22
+Chunil salt Hexane ext. 1.175£0.01 39.2 0.445+0.01 149 2.64 1.85 14
MSF 1.464+0.01 59.4 0.447 +0.01 14.8 3.27 2.29 -30
Chunil salt” 1.600£0.05 53.3 0.5431+0.01 18.1 2.95 2.06 -8
12 months FAJ MeOH ext. 1.2653+0.01 422  0483x0.01 16.1 2.61 1.83 15
MSF 1412001 47.1 0.500%0.01 16.7 2.82 1.97 1

DRaw anchovy : salt = 80 : 20, 225 pg/well, *Fermented anchovy juice, ¥50 pg/well.

Al R FEES gEdde] EE e did gy Edwe] el deld & UAT F47)7ke]
MSF: dEdde| 838 vehiA] X34 AR I2NY, o2 AF) 238 dEdwe] B
ueby FAAZ A2A] HA gl HIHAW 7b e AL vebge $¥3 HEd A2 A
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AL 9& Aoz Bexn, e <A 7%
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Aoz Atagd.
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