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Antimutagenic Effects of Browning Products Reacted with
Polyphenol Oxidase Extracted from Apple
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Department of Food Science and Technology, Kangweon National University

Abstract

This study was carried out to investigate the antimutagenic effects of five kinds of apple enzymatic
browning reaction products(AEBRP) on mitomycin C (MMC), N-methyl-N’ -nitro-N-nitrosoguanidine
(MNNG), 4-nitroquinoline-1-oxide(4NQO), benzo(a)pyrene(B(a)P) and 3-amino-1,4-dimethyl-5H-pyri-
do[4,3-b]indol (Trp-P-1). In spore rec-assay using B. subtilis H17(rec*) and M45(rec”), homocate-
chol-AEBRP and hydroquinone-AEBRP showed strong antimutagenic effects on MMC and MNNG
as the concentration of AEBRP increased. In the Ames test using S. typhimurium TA98 and TA100,
hydroxyhydroquinone-AEBRP and pyrogallol-AEBRP showed strong antimutagenic effects on Trp-p-
1 and B(a)p in TA98 and TA100 in the presence of S-9 mix. Most of AEBRPs suppressed about
50% to 80% the mutagenesis in S. typhimurium TA98 induced by MNNG, however, AEBRPs except
hydroxyhydroquinone-AEBRP showed antimutagenic effects of about 94% in TA100. Antimutagenic
effects of the five kinds of AEBRPs on 4-NQO were more or less weak, in particular homocatechol-
AEBRP exhibited the inhibitory effect of about 48% in TA98, and homocatechol-AEBRP and hydroqui-
none-AEBRP showed inhibitory effects of about 46% to 58% in TA 100.

Key words : antimutagenic effect, apple enzymatic browning rection product, spore rec-assay, Ames
test
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Spore rec-assay
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Mutagenicity test
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Spore rec-assay
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Table 1. Mutagenic effects of apple enzymatic browning reaction products(AEBRP) by the spore rec-assay

Inhibition zone(mm)

Test Compound Dose Difference Conclusion®
(ud/disc) H17(Rec™) M45(Rec™)

Catechol 75 0 0 0 -

AEBRP 150 1 1 0 -

300 5 5 0 -

450 7 7 0 -

Homocatechol 40 2 2 0 -

AEBRP 80 4 7 3 +

160 7 9 2 +

240 9 11 2 +

Hydroxyhydro- 80 0 0 0 -

quinone AEBRP 160 U} 1 1 +

320 2 3 1 +

480 4 4 0 -

Hydroquinone 40 16 16 0 -
AEBRP 80 19 19 0

120 21 21 0 -

160 23 23 0 -

Pyrogallol 40 0 0 0 -

AEBRP 80 4 5 1 +

160 11 12 1 *

240 15 18 3 +

MMC®control 0.002 3 21 18 + 4+ +

a)MMC : Mitomycin C(0.2 pg/ul)

b)(—) : No inhibition zone, (+ ) : Length of inhibition zone is less than 5mm, (+) : 5~10 mm of inhibition zone,
(++) :10~15mm of inhibition zone, (+ + +) : 15~20 mm of inhibition zone
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Table 2. Antimutagenic effects of apple enzymatic bro-
wning reaction products(AEBRP) on N-methyl-N"-ni-
tro-N-nitrosoguanidine(MNNG) by spore rec-assay

MMNG(10 pg/disc)

Inhibition zone(mm)

Test Compound Dose ———————— Difference
(w/disc) H17(Rec™) M45(Rec )

Catechol 0 0 23 23
AEBRP 10 0 23 23
(100 pg/10 W) 20 1 23 22
30 2 21 19
40 3 20 17
Homocatechol 0 0 23 23
AEBRP 10 1 21 20
(4 pg/10 w) 20 10 22 12
30 11 22 11
40 11 22 11
Hydroxyhydro- 0 0 23 23
quinone AEBRP 10 0 23 23
(100 pg/10 ) 20 0 23 23
30 0 22 22
40 0 23 23
Hydroquinone 0 0 23 23
AEBRP 10 11 22 11
(10 pg/10 ) 20 15 21 6
30 16 19 3
40 16 19 3
Pyrogallol 0 0 23 23
AEBRP 10 0 22 22
(40 pg/10 ) 20 3 23 20
30 7 22 15
40 8 22 14

AAIA1R 2 HQ-AEBRP(30 pg/disc)+ < 3mm. Ca-
AEBRP(400 pg/disc)v < 17mm=Z oAz
HHQ-AEBRP+ A9 <dA)zp8-¢ vehlr] Rahgich
ol8} 72 oA A= AEBRP7F MNNGo| 2§ wx@
DNA £42 948k 7Hew sudxch Table 32
MMCel 3} %oﬂ&ioliﬂ A=+ HHQ-AEBRP+=
MNNG¢] oA 2-8-2 g19d .21} 400 pg/discol| 4 MMC(2
ng/disc)ol| 2|7t "3“‘7117‘]"4]-4 zto] 18 mmeoll 3ted
2 8mmE A A7, HQ-AEBRPE oF 40 ug/disc2)
He o2 1mm7hr ZAstA dxA7)e dag o}
ehiigde}. o)2} 7to] AEBRPE= MMCS] 7 DNAo)
A &S A3 GAlshe ol gl Aer
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X 7Hx 2 EA e S typhimurium TA98 2 TA
10001419} Edmioldd AP A= Table 49 2 F
control®] his* revertant colony 2 v]|isldL

Z2HEAL] ey} o) & g doll % his® revertant co-

Table 3. Antimutagenic effects of apple enzymatic bro-
wning reaction products(AEBRP) on mitomycine C
(MMC) by spore rec-assay

o MMC(2 ng/Disc)

Inhibition zone(mm)

Test compound Dose Difference
(w/disc) H17(Rec*) M45(Rec™)

Catechol 0 3 21 18
AEBRP 10 1 20 19
(100 ug/10 W) 20 1 20 19
30 1 18 17
40 3 18 15
Homocatechol 0 3 21 18
AEBRP 10 5 21 16
(40 pg/10 W) 20 6 20 14
30 10 21 11
40 1 21 10
Hvdroxyhydro- 0 3 21 18
quinone AEBRP 10 0 12 12
(100 pg/10 W) 20 0 11 1
30 0 9 9
40 0 8 8
Hydroquinone 0 3 21 18
AEBRP 10 12 20 8
010 ug/10 W) 20 16 20 4
30 19 20 1
40 20 21 1
Pvrogaliol 0 3 21 18
AEBRP 10 2 19 17
(40 pg/10 W) 20 6 19 13
30 7 19 12
40 9 19 10

Table 4. Mutagenic effects of apple enzymatic brow-
ning reaction products(AEBRP) in Salmonella typhi-
munum TA98 and TA100

TA98 TA100
Te ose  Number of his* Number of his™

compound (ul/plate) revertant colonies revertant colonies
Hydroquinone 50 26 128
AEBRP 100 25 130
(0.1 ug/ ph 150 22 125
200 20 127
Hydroxyhydro- 50 21 128
quinone AEBRP 100 22 126
(1 ug/ W) 150 21 130
200 20 129
Homocatechol 50 23 134
AEBRP 100 20 131
(1 pg/ w) 150 19 130
200 17 132
Catechol 50 23 128
AEBRP 100 20 118
(1.66 ug/ W) 150 23 115
200 24 128
Pyrogallol 50 27 145
AEBRP 100 27 141
(1.66 ug/10 w) 150 23 138
200 22 140
Test strain control 24 130
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Table 5. Antimutagenic effects of apple enzymatic bro-
wning reaction products(AEBRP) on 3-amino-14-di-
methyl-5H-prido{4,3-b]-indol(Trp-P-1) in Salmonella
typhimurium TA98 and TA100 with S-9 mix®
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Table 6. Antimutagenic effects of apple enzymatic bro-
wning reaction products(AEBRP) on benzo(a) pyrene
(B(a)P) in Saimonella typhimurium TA98 and TA100
with S-9mix®

TA98 TA100

Test Dose  Number of hist Number of his*

compound  (W/plate) revertant colonies revertant colonies
Hydroquinone 50 4008 1246
AEBRP 100 3981 1188
(0.1 pg/ W) 150 3998 1098
200 3818 1028
Hydroxyhydro- 50 3658 1100
quinone AEBRP 100 1646 635
(1 pg/ w) 150 434 351
200 174 234
Homocatechol 50 4122 1263
AEBRP 100 4098 1250
(Lpg/ W) 150 4046 1244
200 4058 1239
Catechol 50 4060 1020
AEBRP 100 3738 1124
(1.66 pg/ u) 150 3655 1180
200 3287 1024
Pyrogaliol 50 3742 1020
AEBRP 100 604 374
(1.66 ug/ W) 150 161 256
200 111 168
Trp-P-1 control 4145 1276

Test strain control 13 122

a)Dose of Trp-P-1: TA98(0.02 pg/plate), TA100(0.1 pg/
plate), S-9 mix @ 250 w

lony 2] F81§ ke glglenz e 1 A4
29 wolglAe Ay gle AR vehdch

9, Table 5+ Trp-P-1of cj§ sEdo)| Al A
HAFAZA TA8oIAx= HHQ-AEBRPs} Py-AEBRP7}
200 W 7 E992 o of 95% o) A4+e) WolY A A}
URed, 7 vke] ZHEAL v|dd Ao Jehydch
TA100 A1+ HHQ-AEBRPs} Py-AEBRP7} 200 W 3
7] oF 80%2) dEdeldA AL Yehglevt 2
uto] zhHEA L u)opslgict Table 62 B(a)Pol oidl
FEAHo| YA AYANZ A TAISNHE HHQ-AE-
BRPs} Py-AEBRPE 7z} 200 W A 7HA] oF 80% o] 4he]
FEQHelNA AAE ehlid o YniA 2HEAL
A2 G743t vleksted e}, TAL000) A& TA98s| 42} zho)
HHQ-AEBRP$} Py-AEBRPule] 200 wollA oF 75%2]
FEddoldA A7E Jehiiglen vizle A9 ¢
gich. Table 72 MNNGeo| ®i¥ -EddoldA Ay
A2 TA98| M HHQ-AEBRPE 200 W H713l-e
o oF 50%, YAE of 62~80%] FEdwe]dA
ax2 Jelugich TA1009] 4+ HHQ-AEBRPE #| 9]
% v E ZHH B o] oF 94% o] AFe] 7}t S o] UA
E3E vehiglt Table 8& 4NQOe| @t st5oiw
o] AYAFZA TABHE 200 well4) HCa-AE-

TA98 TA100

Test Dose  Number of hist Number of his*

compound  (u/plate) revertant colonies revertant colonies
Hydroquinone 50 234 1019
AEBRP 100 240 1020
(0.1 pg/ ph) 150 242 1043
200 243 1017
Hydroxyhydro- 50 166 890
quinone AEBRP 100 106 532
(1pg/ W) 150 86 325
200 48 264
Homocatechol 50 225 1088
AEBRP 100 218 1032
(1 pg/ uh) 150 207 1036
200 185 1056
Catechol 50 243 1112
AEBRP 100 224 1089
(1.66 g/ w) 150 220 1090
200 221 1062
Pyrogallol 50 161 584
AEBRP 100 84 321
(1.66 pg/ W) 150 67 271
200 38 267
B(a)P control 244 1061
Test strain controi 14 127

a)Dose of B(a)P : 20 pg/plate, S-9 mix : 250 w

Table 7. Antimutagenic effects of apple enzymatic bro-
wning reaction products(AEBRP) on N-methyl-N"-ni-
tro-N-nitrosoguanidine(MNNG) in Salmonella typhi-
murium TA98 and TA100¥

TA98 TA100

Test Dose  Number of hist* Number of his*

compound  (w/plate) revertant colonies revertant colonies
Hydroquinone 50 62 2321
AEBRP 100 66 237
(0.1 pg/ W) 150 46 110
200 42 48
Hydroxyhydro- 50 75 2115
quinone AEBRP 100 54 2224
(1pg/ W) 150 59 2136
200 55 2592
Homocatechol 50 41 (25)» 849
AEBRP 100 33 (50) 156
(1 pg/ ) 150 27 (75) 106
200 22 (100) 43
Catechol 50 59 1456
AEBRP 100 32 692
(1.66 pg/ w) 150 24 237
200 21 112
Pyrogallol 50 36 664
AEBRP 100 32 548
(1.66 pg/ W) 150 37 508
200 33 181
MNNG control 111 3196
Test strain control 16 110

a)Dose of MNNG : TA98(10 pg/plate), TA100(1 pg/plate)
b)( ) : ul/plate of homocatechol AEBRP in TA100
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Table 8. Antimutagenic effects of apple enzymatic bro-
wning reaction products(AEBRP) on 4-nitroquinoline-
1-oxide(4NQO) in Salmonella typhimurium TA98 and
TA100”

TA98 TA100
Test Dose  Number of his* Number of his-
compound  (W/plate) revertant colonies revertant colonies

Hydroquinone 50 361 2160
AEBRP 100 302 1760
(0.1 pg/ ) 150 278 1584
200 275 1467

Hydroxyhydro- 50 314 2596
quinone AEBRP 100 328 2496
(1 pg/ W) 150 333 2512
200 310 2517

Homocatechol 50 333 2544
AEBRP 100 305 2208

(1 pg/ u) 150 288 1784
200 193 1143

Catechol 50 351 2484
AEBRP 100 362 2398
(1.66 pg/ ul) 150 284 2212
200 289 2108

Pyrogallol 50 389 2152
AEBRP 100 380 2108
(1.66 ng/ ub) 150 389 2104
200 395 2082

4NQO control 370 2724

Test strain control 19 204

a) Dose of 4NQO : 0.4 pg/plate

BRP7} 48% Axe] sEdwielsld &strt sldod
UoiRle Aol gt o 16%~26%2 vleksteich TA
100 41+ 200 well 4 HCa-AEBRP9} HQ-AEBRP7}
46%~58%2] AAAFAE vtehHgi o oz ok 7

%~23%5 v)eFstelict.
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45 F #FE o]&3l= spore rec-assayell 4 homocate-
chol-AEBRP¢} hydroquinone-AEBRP= 5 x Z 7} o}
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A 2w Salmonella typhimurium TAISF TA100 F T
FZ& o] &3 Antimutagenicity testoll 4+ hydroxyhydro-
quinone-AEBRP2} pyrogallol-AEBRP+ S-9 mix & 7HA]
F gl A Trp-P-13F B(a)Pell wiale] 744 A&7
% Jephiigich el 2 i F-4e] AEBRPES MNNGE
F=5 TA98Fol4 50%~80%2] dAAFAS el
a1} hydroxy-hydroquinone-AEBRPE A 9]& o} FF7
ol AEBRPE-& TAL00 w5l 4] <k 94%2] AAEAE
viehdiglel. gk, ANQOe) w3t oiil F72 AEBRP
Lo Hodwe] A A= AubH o ok Helgon,
£3%] homocatechol-AEBRP+ TA98 3ol 4 48%2]
A ExE Hely TAW0 FFolA+= homocatechol-
AEBRP%} hydroquinone-AEBRP7} 46%9ll 4 58% %
ol AAEAE Jepl et
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