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Abstract

This study was carried out to examine the mutagenicity of extracts from grilled pork belly
and the effect of garlic on it by using Ames test. And in order to imitate the in vivo metabolic
activation system of the mutagens, the enzymatic activation system was adopted.

The results are summarlized as follows ;

1. The degree of browning in pork belly extracts increased with the increasing heating inten-

sity of the grilling.

2. When pork belly grilled at “low” heating intensity, no mutagenicity was detected. However
with the samples grilled at “medium” and “high” heating intersity, mutagenicity was reco-
gnized.

3. The mutagenicity of grilled pork belly extract decreased remarkabley with the addition of
S9 mix.

4. The mutagenicity of grilled pork belly extract decreased with the addition of garlic extract.
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Freeze dried sample

2 x CHClB/CH3OH 1:1)

‘*///// vacuum filteration

\

Residue

Extract 1

vacuum filteration

/

Extract II

Residue

2 x 0.24 (NH,),CO3 in

C2H50H/H20 4:1)

vacuum filteration

/

\

Residue

!

discarded

Extract III

Fig. 1 Schematic procedure for preparation of extracts from grilled pork belly.
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Table 13} 7&‘4

All strains were originally derivated from Salmone-

AP TF9 genotypes +=

lla typhimurium LT-2

a. The rfa mutations eliminated the polysaccharide
side chain of the lipopolysaccharide(LPS) that coats
the bacterial surface.

b. The deletion through uvrB also includes the nit-
rate reductase and biotin genes.

c. Inclusion of R factor confers resistance to ampicil-

D Histidine &7 Z2A}
Histidine/biotin & 3 7} top agar 2 m/ &
TN 01m/ S Z 49 minimal agar 9]

7 ZolE ¥ plate & FHF o] 37T A 48
Al wigsted AR §F2 Esyh
Histidine/biotin ] H7}5 A &< top agar
M o] AepA E3kgth

@ Lipopolysaccharide & A #<1(rfa)

o] ERIAE L MTFRETE SR Y
lipopolysaccharide ] W37 ZBAlEo] A A
HAEA FA37] 93 crystal violet ol
HE ATEE Z33h= A ¥olt}. Nutrient
ager 91l top agar 2m/ ¢} ¥ 01m/ &
ol LT ZotEd HAdd A4 6mm 9
2] kg Fol
mg/m/ ?) &4 10WE JHA Yukfo] F
ZHAIA 37CAIA 12 AIZEESE plate & HA

F 3L crystal violet 1

of M T K At e 3
715 Ao A% 14mm o)A colony T+
A=t

® uvrB Mutatin

Nutrient agar Aol 2b 739 duds
streak ¥+ ¥ plate 9 1/2 € aluninun foil &
At Aol s 6259 AN £ W)
FetArt. T FE repair gene ©] Yo

2 wzAb] JEHEHE A dohix]

Table 1. Genotype of the TA strains used for mutagenesis testing
Addltl(.mal Induced R-factor
mutation
L . a . b c
Histidine mutation LPS Repair PKM 101
TA 98 his D 3052 rfa UVrB + R
TA 100 his G 46 rfa UVrB + R
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H3 o] 37T A 20 A1ZE Wi Fshd T Ampi-
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® Spontaneous reversion
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ditdor FFHA AP TA %8
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S-9 mixture & =432 Table 2 9} Zth
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1) Vogel-Bonner minumal agar plate

FHT 930m/ol Agar 152 49 7t
daste) okt HEF 40% Glucose 50 m
9 50X VB salts & 20m/ & AEo] WX
A 1F F etk HdTH petridish
plate 3 30ml BE% Fof EF o}

2) 50X VB salts

Table 4% & oA7tA A4S &M=
GEG FHF $13 %U F 20m 4
100m H2Eekszo] 2o} $vhE sha
gt deos ARy 4o nud

ATt

3) Top agar

Agar 6g NaCl 5g& FTHF 119 =9
7tAEste e BEIFQSH, Muta-
genicity assay A top agar 100 m/ | 10 m/ &
histidine/biotin 95 7}t o] &3t ot

*0.5mM histidine/biotin solution : &H 4
250 m! 9l D-Biotin 309 mg, L-Histidine HCI
240mg & Z Fo] JIPAETF 4Co) B
ste] ARt

4) Nutrient agar plate

Difco bacto nutrient broth 8 g3 NaCl 5¢
& FHFTF 1A & 4o mo Jitdwd
213 A plate & THESIU

5) Nutrient broth

Oxoid nutrient broth No. 2 25g& &%
1000ml o & =JF 20m/ A 100m/ 2424F
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Table 2. Composition of the S9 mixture

Rat liver S9 Fraction 2.0 ml (4%)
MgClZ—KCl salts 1.0 ml
1M Glucose-6-phosphate 0.25 ml
0.1M NADP 2.0 ml
0.2M phosphate buffer, PH 7.4 25.0 ml
Sterile distilled H20 19.75 ml
S9 mixture 50.0 ml
* MgClZ—KCl salts solution

KC1l 61.5 9

MgClZ-GHZO 40.7 49

Distilled water 500 ml

x (.2M Phosphate buffer, PH 7.4

0.2M NaH_PO -HZO (13.8 g/500 ml) 60 ml

24

0.2M Na_HPO (14.2 g/500 ml) 440 ml

2 4

Table 3. 50XVB salts

Distilled water ( about 45T )

MgSO4-7H20

Citric acid monohydrate

H
K2 PO4

N<’;1HNH4PO4 -4 H20

670 ml
10 g
100 g
500 g

175 g




70 KOREAN JOURNAL SANITAT. Vol6, No1(1991)

Table 4. Mutagenicity of Garlic extract on Salmonella typhimurium TA 98 and TA 100.

No.of Revertant colonies/plate
Extration
Strains mg of garlic/plate
temperature
5 12.5 20 25
TA 98 2012 364 4243 4844 37+5
room Tem,
TA 100 106H0  113+2 12741 1363  125%1
TA 98 22+ 3446 532 35+l 3243
100 T
TA 100 10640 2243 12542 1207  118=%4
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Alge] ol AAE Ames 9
Hhofl wlgl plate incorporation test & Th
7 o] Yt

DMSO(Dimethyl Sulfoxide)ol] =<1 A& 0.
1m/ 9k wiFE Ad¥aF 01ml 22 05
ml 2 S9 mix(+S9) Fv 05mi Y 01M
phosphate buffer(pH 74,~59)% EddE F
A= AP et & et 97
o] 45CZ 2% top agar(0.5mM histidine/
biotin #¥4& 100m/ ¥ 10m/ H7hH 2ml &

B A&

AI

o{r ®

* 0z
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BEHe| 231%F #HE 4 UAERE plate S A

agar plate o] &&=

Wl 7ol EEE g HHE X F
o} Fof agar7} %% 3tk 1 o2 plate
Z FFo] 37T w %A 48 AL Wl T
% revertant colonies & At} BE 24L&
AAAE 3Rt Ron PHEA+ RFHA}
& Tsiyth

3o Spectrophotometer Abg-8ked 430
nm A FHFEE S

Fig. 29 o] 3F&&E2
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FLEEAEGEDE de o
B A E Sodium azide, 2-Aminofluorene =
4-Nitroquinoline-N-Oxide 5] £ 3o
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TA100°) dis] HEddol /& Jhsidol

31, vlEe] histidine & FH7FgE 8 Ao A
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Fig. 2 Effect of heating intensity of grilling on brown color formation.
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¥ % 2 A 4-Nitroquinoline-N-Oxide
01]"19} Zo]l TA98 A W3l FxZo

mzt AEAWe] 71 vl F ez Frtsto
W] fFEE g0 + 3%, Sodium
azide &= TA 100 ° th3l Fig. 5o*et 2o
4 ug/plate 7} = GEAH] F71 vl HL

2 F7hetddrt a2 o|Fdle Zadte B
&g BT

Ao AdFZAE EUZ 2 AFdA S9
mix & 7Pt AAE "= 2-Aminoflou-
rene 0.5 ug/plate & S9Imix & H7IsHA] &
i TA98 & A48 #l& 4-Nitroquinoline-N-
Oxide 04 pg/plate &, TA 100 AH&-E oo
¥ Sodium azide 3pg/plate & 2} histidine
reversion 473 ®ulth positive control 2 A]
NBFEEF I HHAEEe QO



72 KOREAN JOURNAL SANITAT. Vols, No.l (1991)

1:000p

800

TA 98
600

400} TA 100
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" i A i A

[o] 0.2 0.4 0.6 0.8 1.0

2 -AF(ug/plate)

Fig. 3 Dose-response curve of mutagenicity of 2-Aminofluorene (2-AF) in the presence of S-9 mix on Salmonella
typhimurium TA 98 and TA 100.
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Fig. 4 Doseresponse curve of mutagenicity of 4-Nitroquinoline-N-Oxide(NQNO) without S-9 mix on Salmonella
typhimurium TA98.
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Fig. 5 Dose-response curve of mutagenicity of Sodium Azide on Salmonella typhimurium TA 100 without S9
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FEe FU 7 ek
a. Values represent meansz+ standard devia-
3. OI=FEY2| Ames test tion
olE9] allicin A& 2% AT A H
ol AHle] B@Ee] fETS 4R 4. 72 od4 FEE2| EHO FY

915} Ames test = H¥ A} Table 7% S

o] WE}FTH Bersani® 5°] Ames test ©ll Zh=d A 9] g8 g dEdte £
o8 ot ABoE Sddo] futkol ¢ T AFEAANES FEE(Extract I, Extract
O3 Bustgdont B AdAn s e I, Extract IDE Ames test & A3 2=

ZZz a3 100C 2Z o] Wxlolglo] TA9S Table 8 3 2t}

A 16~248AE Z718F Ao 2 vElRE Sample &% $l°i4 CHCL/CH,OHQ :
th W TA1009AE 11~13mMABE2 o Dl 9§ -9+ fat-soluble fraction, & gly-
=odw o] ¥ %7} control o] B]3ted A 9] xto]  cerides, phospholipids &+ 7}l 2l&] A
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Table 5. Mutagenicity of extracts from ‘gas grilled pork belly’ by Salmonella typhimurium TA 98.

No.of Revertant coionies/plate 1
Heating |- a b
ntensity oxtracts -9 mg of grilled pork belly/plate
0 100 250 400 500
+ 35 = 7€ 43 = 5 73 x4 3% = 4 80 =7 |
1
- 22 + 1 3% + 7 36 =& 40 + 2 54 +3
]
+ 35 + 7 3¢ x10 =l 60 + 7 a0 =2 |
Low I [
- 22 +1 28 £2 44 +3 24 + 1 2T +6 |
+ 35 17 30 +5 61 + 4 37 + 10 37 + 3 1
‘ m 1
[ - 22 + 1 56 = 4 44 + 9 51 + 13 X
l - 35 + 7 61 £10 72 =7 87 =13 115 =9 }
I 1
- 22 =1 2132 +38 1323 =47 1002 £15 382 + 8 {
+ 35 +7 7% + 7 52 + 3 47 =6 3 +7 |
Middle i |
-~ 22 =1 140 = 17 45 + 11 41 +8 29 43
+ 35 =7 59 + 10 62 +8 60 + 3 38 =4
it} |
— 22 =1 44 +5 68 + 10 74 +3 35 +2
+ 35 + 7 44 =1 43 £ 5 92 +3 135 +13
I 1
} - 22 =+ 1 1052 =31 993 +18 1123 + 14 874 + 16 |
+ 35 + 7 65 =8 42 + 11 40 %3 39 =6
High I
- 22 + 1 1073 =13 1404 =21 1523 =10 754 + 11
+ 35 +7 76 + 2 51 +4 38 +9 40 + 3
m
| — 22 1 893 + 15 952 = 20 25 = 3 27r1J

a - Extracted by} CHClL/CH,OH( 1), CH;0H(II), 02 M (NH,):.COy(Ill)
b: + 5 Tested in the presence of S9 mixture

— 5 Tested in the absence of S9 mixture
C * Values represent meanst Standard deviation

¥ heterocyclic amines 5°] F22 4 vt ¢ Fu FAE ¥ EAS0] F&Hn
CHOH F<) 93 79+ CHCL/CH:OH & (NH).CO,&vliol o3 Ae=
:_‘3_

Sujo] FZ5A £33 3 phospholipids  tion @] &3, £ nitrosamine

Basic frac-

X33t hasic
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Table 6. Mutagenicity of extracts from ‘gas

gilled pork belly’ by Salmonella typhimurium TA 100.

No.of Revertant cclonies/plate
Heating i -1 P o
intensity Exrracts™) S-9 mg of grilled pork belly/plate
, ¢ 100 250 400 500
' - 120 £ 1€ 125 =7  127=9 1196 200+ 3
1
L 106 =10 145 +3 1471  127x2 104 +11
P+ 126 =11 118 =8 150+2 1234 125 7
Low II :
R 106 =10 18 =2 14243 1761 138 =4
\ ? T 120 + 11 134 +3 128+2  115+5 118 3
: - M0 3= 132xd 1943 176210
N [
J - liw=+n 150 £20 1209 116 £14 124 + 16
i i I |
~ 1 j06+10 151023 1623 £31 215 =17 414 %15
|
| + 120 =11 190 +6 134 =7 130 +9 11011
Middle I
- 106 =10 3413  204+21 1537 131 =10
+ 120 =11 158 +3 1377 116 =20 129 %31
bl
- 106 +10 294 =15 483 +21 180 =10 159 =13
+ 120 =11 437 +£17 155 +8 333 +15 104 +13
1
- 106 =10 1210 =31 1319 £43 1211 25 1098 =19
+ 12011 10415 171 +£1 1210 1196
High I
- 106 +10 1091 =3 919 +18 644 £21 529 %10
+ 120611 136 +3 113+13 12117 130 =8
il
- 106 £10  118+2 135=11 125 +12 146 =21

a . Extracted by s CHCl/CH,OH( 1), CH;OH(II), 02 M (NH.),COy(IlI)

b: + i Tested in the presence of S9 mixture
— 5 Tested in the absence of S9 mixture
¢ Values represent means+ Standard deviation

Be eEoA FeARdME FAT 5
Auo] fitse HUsx) egtert CHCL

/CH:OH & 5%3% A8 S9mix & H7}3F
49 TA9SAAME 3 22 %, TA 100
ANME Hil 16wHEY dEAH] Hx
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Table 7. Effect the addition of Garlic extract (25 mg equivalent/plate) on mutagenicity of grilled pork belly extract
(CHCl/CH3OH) by Salmonella typhimurium TA 98

No.of Revertant colonies/plate
Heating a
. §-9 mix mg of grilled pork belly/plate
intensity
0 100 250 400 500

+ 40i3b 65 + 11 87 £ 9 80 % 13 77 £ 10
Middle

- 31 £2 60 + 10 55 £ 17 101 £ 17 103 x 21

+ 40 = 3 78 £ 13 81 =7 65 + 3 89 + 12
High

- 31 +2 140 + 21 167 + 18 67 + 3 64 £ 17

a: + ; Tested in the presence of S9 mixture
— 5 Tested in the absence of S9 mixture
b Values represent means+ Standard deviation

Table 8. Effect the addition of Garlic extract (25 mg equivalent/plate) on mutagenicity of grilled pork belly extract
(CHCly/CH;OH)by Salmonella typhimurium TA 100

[ No.of Revertant colonies/plate
Heating T
5-9 m® f grilled pork belly/plat
intensity mg ol grilled por y/plate
0 100 250 00 500
+ 86+11b 120 £ 3 99 + 7 80 + 20 9] + 18
Middle
- 131 + 15 181 £ 11 180 £ 13 190 + 21 185 3 4
|
+ 86 + 11 120 = 7 109 =3 117 + 11 111 - 8
High
- J 131 & 15 191 £ 12 221 = 14 284 =+ 6 201 + 13 J

a. + ;s Tested in the presence of S9 mixture
~— ; Tested in the absence of S9 mixture
b : Values represent means+ Standard deviation

7t Z7vetA ek S9mix & H7bshA ¥& A FheTolM T Al84 A= CHCL/CH
9= TA9ROA Hil 2485, TA100°] OHExtract 1) FE2EA ol f
e H3 188 AR dEAwe] vings Aol /P FEEA JEA S9mix & A
Had. 7VeHA] e - TA9SAIME &z 974)

==

Nﬂl
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Bol Wk #AsHA HolH o
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ZX 8N AT el Mz

=1 CHCL/CH,OH F&

2M (NH.).CO, +=

fELﬁ«‘i)"

7 @—a—}aau} CHOH &+ %
¥e BA¥o] 4252

CHCL/CH,OH & 1ol 2]3] A]
$3goln BRG] He BAE
A%l wel =} g
7‘2

A E 0] fat-soluble fraction

=7
O
=X
I
=
_7‘|:.
U

o

A9 glyceride o] 23] B A A
o ‘fat-soluble fraction’ &&2| &&
ol #H YA A ‘MtOH fraction’ & & Eolzt
S 850 }i:fq‘-L 2z, 1 BE
A7ME dEdAdelE €A

2
ofp
e M s

At
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Fig. 6 Mutagenicity of pork belly extract gas-grilled at “middle” step of heating intensity by Salmonella typhimu-
rium TA 98, TA 100 and the effect of garlic extract on it
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Fig. 7 Mutagenicity of pork belly extract gas-grilled at “high” step of heating intensity by Salmonella typhimu-
rium TA 98, TA 100 and the effect of garlic extract on it.
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