CHAPTER IV N

RESULTS

The aim of this study was to determine whether & kinds of mushroons namely,
Agaricus bisporus, Lentinus edodes, Pleurotus ostreatus ::: Pleurotus abalones
Coder b e (Tresh, b lanehed, and frrnented) conldonedulete the INVIVO inivcition of
mutation and mitotic recombination o somatic cells by vrethane., The experiment was
condueted tooevaluate the effect of vrethane and all mushroom extracts o svrvival of
flies, Simulteneows administration of vrethane along with each mushroon sanple to 3-
Gay-old Tarvae woas  firstly performed Lo drvestigate the antimutagenicity against
Crethane. Second by, pre-feeding of each san ple before administration of vrethane wais
Gone inoorder to o observe the effect oof omoushroom extracts on biotransformation of
Crethane dnoearly stage of lervaes Allewperinents were perfornmed twice inorder to see
fhe reproducibility of the modulating effect of each semple. Distilled water was vsed &5
ponegative control o and o prodeced the spontaneous omutation of eaeh experiment, The
results of wing analysis are givean on the three categories of small single spots (L or 1l
cells) Targe single spots (3o more cells), and twin spots s wel

pfdition, the mutation fndex aad & nuem bers of surwdiving flies are exanined.



ol

4.1 Preliminary study: Survival of Adult Flies and Mutagenicity of Mushroom
Extracts
4,11 Survival of Adult Flies
4.1.1.1 Fed on mutagenic testing sample mediums
Table & shows & number of surviving flies derived from Tarvae fed on the
positive controel (stendard moedivm  containing vrethane], negative tontrol (stendard
moedivm ), a0t moutagenic testing samople moedivm (mushroen extract medivm ). Two-

mithititer of each samople; namely, fresh button mushroon  (FBN ), blanched button

fermented abalone mushroom (PAN J was substitotedr forwater in the standard nedivn

Percenteges of svrviving Blies fed on negative control was within the
range of 16 - 0S (trial L) ot TR 8L (triall) oand o surwiving flies fed oo o positive tontrol
Wop s owithin the range B9 80 (trial L) oaad 69 80 (trial 1), respeetively; owhile that obtained
from Tarvae fed o0 the duttenr npuwshroon medion was 70 910 shiitake moushroon
moedivn oweas b4 85 oysteromeshrooen omeddien o oweey T4 Vb a0t abelonre moushroon

moedivm owoas B8 6,



TableE)Surv/iva\ rates

Period la
Button mushroom
Standard
Standard
Standard

Shiitake mushroom
Standard
Standard
Standard

Oyster mushroom
Standard
Standard
Standard

Abalone mushroom
Standard
Standard
Standard

o f flies

fed on the mutagenic testing

Type of medium

Period 2b

Standard (negative control)
Positive control
Mutagenic testing samples
- Fresh
- Blanched
- Fermented

Standard (negative control)
Positive control
Mutagenic testing samples
- Fresh
- Blanched
- Fermented

Standard (negative control)
Positive control
Mutagenic testing samples
- Fresh
- Blanched
- Fermented

Standard (negative control)
Positive control
Mutagenic testing samples
- Fresh
- Blanched
- Fermented

m

Ushroonm

52

tprtracts

% of survival
Trial 1 Trial 2
80 76
72 69
76 74
90 84
77 70
95 92
75 80
88 89
89 95
84 86
82 90
80 89
95 94
98 92
74 95
76 87
69 75
96 94
88 93
89 90

a = Mating parent flies fed on standard medium until 3 day- old larvae.

= 3- day old larvae were collected and transferred to another media.
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4.1.1.2 Survival of adult flies in simultaneous feeding studies

Table & shows & number of svrviving flies derived from Tarvae fed o1
positive control (standard moedivm containing vrethane), stendard moedivn [negative
control medium ), semple medivn {only Lomlboof distilled water was substitoted with the
morshoroom extract) and experimental o omoedivn  (moushroom extract omoedtivn ocontaining
brethane).

button mushroon extracts: Peroentages of svrviving flies fed on the
pegative control o moedivm were 80 (trigl 1) oand YL {trial 1), an o survival orate of flies fed
Cropositive control o omeddium were IR (trigl 1) aand PO (trial D) while that obtained
from Tarvae fed on the fresh sample medivm were 2%  (trial 1) and &% (triall),
blanched sample medivnm were TO% (trind L) and T8Y  (trigl 2), fermented sangple
medivn  were 1214 (trigl Tjand 7% (trighb ). Aot the Tarvaee fed o0 the fresh

gxperimoenta

=
=
=
=
=
=

moedivm were §2% (trial L) oan o8 VRS (brial ) and fermoented experimental moedivn woere
TA® (trial 1) and B3 % (trial 7).

shiitake mushroom extractss Pereentages of surviving flies fed on the
pegative control moedivm were 80 (trial L) oand 88 (triel 1), and osurvivel rate of flies fed
O opositive control omoediun werre & (trial L) 4 3% (trial ), while that obtained

from  Tarvae fed o the fresh samople noedivn were 0 8%  (trial L) and 83%  (trigl?),

medivnm  were 604 (trigl Tyand §3% (trigl 2] Aad the Tarvae fed on the frest

gxperimental o omoedivn owere & 0%  (trial L) oand T 0% ({trigl 1), blanched ewperimenteal

SS% (triel T)poand 80 R (trial 7).

pyster o moushroom  gxtractss Pereenteges of surviving flies fed o the
pegative control omedivn were T (trial L) oand U {trial 1), e d o swervival rate of flies fed
o positive control omedien were TO%  (trial 1) and To%  (trial T); while that obtained
from Tarvee fed on-the fresh sanple medivn were T0%  (trial L) and T8 % [triall),
blenched sample medion were TU%  (trigl 1) and T 8%  (trial 2), fermented sangple

mediun vere G b W (trial L)and T34 (trigl 2] Aad the Tarvae fed o0 the frest



phalone mushroonm extracts: Percentages of surviving flies fed on the

pegative control moediem woere TE (trial L)oand B2 (teiel 1), and o swrvival rate of flies fed

0 opositive control o omoediem owere TEY (trial 1) and TTR  (teigl ) while that obtained

T3 % (trial L) and 88 % (trial 1),

AL samples swrviving rate of flies more than S0% it suggested that &l

samoples were not toxic to larvae and flies. Sample medivm seened to show survivel

rate higher than that grovyp treated with cotresponding medivm containing vrethane.
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Table 6 Survival rate of adult flies in simultaneous study obtained from 3- day

obd tarvae {0 WRHMAHTIN) vtresueet teoeither the sawmgple medivns or the

mediunms

Period 1°

Button mushroom
Standard
Standard
Standard

Standard

Shiitake mushroom
Standard
Standard
Standard

Standard

Type of medium

Period 2b

Standard (negative control)
Positive control
Samples

- Fresh

- Blanched

- Fermented
Experimental

- Fresh

- Blanched

- Fermented

Standard (negative control)
Positive control
Samples

- Fresh

- Blanched

- Fermented
Experimental

- Fresh

- Blanched

- Fermented

grperimental

% of survival

Trial 1

80
13

82
16
[

78
82
13

82
13

68
62
60

60
62
55

Trial 2

91
18

94
18
87

19
89
83

89
83

63
16
63

10
10
60



Table 6 (Continued)

Period |

Oyster mushroom
Standard
Standard
Standard

Standard

Abalone mushroom
Standard
Standard
Standard

Standard

a = Mating parent flies fed on standard medium until 3 day- old larvae.
b= 3- day old larvae were collected and transferred to another media.

Period 1

Standard (negative control)
Positive control
Samples

- Fresh

- Blanched

- Fermented
Experimental

- Fresh

- Blanched

- Fermented

Standard (negative control)
Positive control
Samples

- Fresh

- Blanched

- Fermented
Experimental

- Fresh

- Blanched

- Fermented

Yooof survival

Trigl

19
16

10
1
68

1
66
63

18
14

13
76
1

68
66
13

l Trial

81
18

15
18
13

13
68
67

82
"

18
68
82

14
69
69
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4.1.1.3 Survival of adult flies in pre- feeding studies

switehing to either standard o medienm  (samople control type boexperiment) oor sanople
moedivn (samople control type Moexperiment) or standard medion containing vrethane

pxperiment) o txperimental omoedivn (type Moexperiment) o wntil the larvae

becamoe to b o adult flies, Becawse the extraction from 100 glnl of shiitake mushroon
Wy toxdc to the parent flies; therefore the concentration was redveed to 5 glnl and was
psed o for the experiment. The sorvival retes of adolt flies that obtained from pre- feeding
pxperimoentoare showon in Table T,

buttonr mushroon extraedss Percentages of surviving flies fed o the
pegative control omedien woere S0 [frial L) oand S E (trial 1) e d o survival orates of flies fed
o positive control omoedienowere YRR (trial L) aand ST % (trial ) owhile that obtained
from Tarvae fed on the type fresh experimental medion were $0%  (trial L) and 934
(triall), type Tblanehed experimental m edivn woe e bR R O (trial L)aand V0% (trial 1), tyope
Pfermented experimental neddvm were §98 (trial LD)yend 7L (trial2). Ard surviving
rates of the lervae fed o type M fresh oexperinentel moedivn were $2% Qv o both trizls,
type b Tancehed experimental medtivn were §8% (triah L) and 0% (trigl 1), and type 1l
fermented experimental nmoediovn were T30 (trial 1) and T 4% (trial 1),

shiitake mwshroom extraets: Percentages of surviving flies fed on the
pegative control o omoedivm were 80 (trial L)oand 80 (trial 1), a4t o swrvival rates of fliey fed
o opositive control omoedien owere THW® O (trizl 1) aand TUR  (trigl 1) while that obtained
from Tarvae fed o the type hresh experimental medivn were T3%  (trial 1) and 774
(triall), type Tblanehed experimental nedivn Wt B0 h (trial L)and S5 R (trial 1), tygpe
Pfermented experimental nedivm were §54% [trial Lpand S8 % (trial2). And surviving
rates of the Tarvae fed on type I fresh experimental mediom were 59% (trizgl 1) and §1%
(trial 1), type A blanched experimental medivm were 60% (trial ) and T 0% (trial 1), a0t

type Mfermented experimental medivn were 62% (trigl 1) ant S5 8% (trigl 7).



pyster o moushroom extractss Pereentages of serviviny flies fed oo the

pegative control o moeddiem o owere TH (trial L) oaad 8T (trial L), vt oswervivel rates of flies fed

0 positive control o omoedivm were &0 %  (trigl L) and TE & (trial 1), while that obtained

from Tarvaee fed o0 the type fresh experimental medivn were 0% (trigl L) and 6§84

(trial2), type Thlanched experimental medivn were 0% (trigl L) a0t §9% (trigl 2), type

Ifermoented enperimental medion were §2%  (trial D)and T0%  (trigl 2). And suvrviving

rates of the Tarvee fed on type M fresh experimental medivn were 5% (trial 1) and 774

(trigl 2, type Abblancehed experimental noedivm were T 0% (trigl L) and 0% (trizgl 2), and

fype M fermented experimental moedivn were TLDH (trial 1) and 0% (trigl ).

phbalone moushroom extracts: Pereentages of surviving flies fed on the

pegative control o moeddiuem o owere 83 (trial 1) e d 82 (trial 1), and oswrvivael rates of flies fed

o positive control omoedivm woere T 8Y (trigl L) e PA% (triel 1) owhile that obtained

from Tarvae fed o0 the type D fresh experimental medivn were TR (trial 1) and 804

(triall), type Db lanehed experinmental moedivm were §8% (trial L) and §0% (trial 1), type

Ifermented experimental moedivn were §8 &%  (trial L)and T3%  (trial 1), And o surviving

ratey of the Tarvaee fed oo type P fresh experinental moedivn were TUW (trigl 1) and T7%

(trial 1), type IbTanched experinmental medivm were T0% (trigl 1) and T3% (trial 1), a0t

fype HWbermented experimental mediom were 7% (trigl L) and T5% (trial 7).



TabIeYSuvivH retes of adult flies obtained from 100 lTarvee (

the semople nedivn for 3

pxrperiment) oor the experimentalas nedit

Period \

Button mushroom
Standard
Standard
Type I experiment
Samples
- Fresh
- Blanched
- Fermented
Samples
- Fresh
- Blanched
- Fermented
Type Il experiment
Samples
- Fresh
- Blanched
- Fermented
Samples
- Fresh
- Blanched
- Fermented

Shiitake mushroomc
Standard
Standard
Type | experiment
Samples
- Fresh
- Blanched
- Fermented

followed

tontaining 20 WoLIRE

Type of medium

Period 2b

Standard (negative control)
Positive control

Standard
Standard
Standard

Positive control
Positive control
Positive control

Samples

- Fresh

- Blanched

- Fermented
Experimental

- Fresh

- Blanched

- Fermented

Standard (negative control)
Positive control

Standard
Standard
Standard

by owdither the positive

59

HHr3) gt o

oewperinment).

% of survival

Trial 1

91
95

93
82
69

91
85
69

79
79
73

82
88
12

80
75

12
13
68

Trial 2

94
97

97
86
12

93
90
i

84
83
Y

82
90
74

82
12

74
80
n



Table 7 (Continued)

Period 1a
Type ! experiment
Samples
- Fresh
- Blanched
- Fermented
Type Il experiment
Samples
- Fresh
- Blanched
- Fermented
Samples
- Fresh
- Blanched
- Fermented

Oyster mushroom
Standard
Standard
Type |experiment
Samples
- Fresh
- Blanched
- Fermented
Samples
- Fresh
- Blanched
- Fermented
Type Il experiment
Samples
- Fresh
- Blanched
- Fermented

Type of medium

Period 2

Positive control
Positive control
Positive control

Samples

- Fresh

- Blanched

- Fermented
Experimental

- Fresh

- Blanched

- Fermented

Standard (negative control)
Positive control

Standard
Standard
Standard

Positive control
Positive control
Positive control

Samples
- Fresh
- Blanched
- Fermented

% of survival

Trial 1

73
60
66

78
76
70

59
68
62

75
69

66
84
88

60
61
62

65
12
n

Trial 2

55
58

76
19
73

61
1
58

87
75

12
94
92

68
69
1

1
81
81



Table 7 (Continued)

Period 1a

Abalone mushroom
Standard
Standard
Type lexperiment
Samples
- Fresh
- Blanched
- Fermented
Samples
- Fresh
- Blanched
- Fermented
Type Il experiment
Samples
- Fresh
- Blanched
- Fermented
Samples
- Fresh
- Blanched
- Fermented

Type of medium

Period 2b

Standard (negative control)
Positive control

Standard
Standard
Standard

Positive control
Positive control
Positive control

Samples
- Fresh
- Blanched
- Fermented
Experimental
- Fresh
- Blanched
- Fermented

a = Mating parent flies fed on any media until 3 day- old larvae.
b= 3- day old larvae were collected and transferred to another media.
¢c= Shiitake mushroom extracts in 5% wiv substituted for water and mixed with other components.

61

% of survival

Trial 1

83
76

18
12
76

1
69
68

15
80
74

1
10
67

Trial 2

92
84

84
81
83

80
80
13

86
82
19

1
13
75



4.1.2  Mutagenicity of mushroom extracts

The data shows in Table 8 indicated that all the samples did not express their
genotoxic activity since a numbers of spots per wing were not statistically different from
that of control and the survival of adult flies fed on each mutagenic sample medium
was higher than 50%.



Table 8 Mutagenicity of the mushroom extracts reported as wing spot induction on Drosophila melanogaster derived from 100 trans-heterozygous

mwh+/+flr larvae of the improved high bioactivation cross fed on mutagenic sample medium.

Type of medium
: : Sl single
Period 1b Period 2C -
me20
Button mushroom
Standard Stancard (emeartd)  0.25(10)
Standard Positive control 1.88(315)+
Standard Mutagenic samples
- Fresh 0.25(10)
- Blanched 0.10(4)-
- Fermented 0.13(5)-
Shiitake mushroom
Standard Standard (emecrtd)  0.10(4)
Standard Positive control 6.63(265)+

Spot per winga(No. of spots from 40 wings)

Tridl 1
Laesingle  Tnspofs
Spots =0
0 0
L75(70)+  0.40(16)+

0.10(4)- 0-

0.03(1)-

0.03(1)-

0.05(2) 0.03(2)
355(142+  1.23(59)+

Totd spots
me20

025(10)
10.03(400)+

0.35(14)
0.130)-
0.15(6)-

0.18(7)
11.40(456)+

Srall single

Spots
=20

0209
745(298)+

0.18(7)-
0130
0130

0
4.15(166)+

Trial 2

Largesingle  Tanspots  Total spots

Spots o0 =20

-

0 0.03(2) 0.23(9)
21586)+  065(26)+  10.25(410)+

0- 0 0.18(7)-

0.13(5)-

0.13(5)-

0.13(5) 0 0.13(5)
315(126)+ 09036+  8.20(328)+



Table 8 (Continued)

Type of medium Spot per wing'L(No. of spots from 40 wings)
_ Tl 1 _ - Tid2
Period 1o Period 2C W;gsrde Lﬂ@qﬁgsrde g TS W&"dﬁ Lﬂ@qggsrde gl TS
20 30 20 30
Standard Mutagenic samples
- Fresh 0.05(2)- 0 0- 0.05(2)- 0.08(3)- 0.03(1)- 0- 0.10(4)-
- Blanched 0.10(4)- 0.05(2)- 0.03(1)- 0.18(7) 0 0.03(1)- 0- 0.03(1)-
- Fermented 0.05(2)- 0- 0- 0.05(2)- 0 0.05(2)- 0.03(1)- 0.08(3)-
Oyster mushroom
Standard Standard (repneartid) 0 0.13(5) 0 0.13(5) 0.25(10) 0.08(3) 0.03(2) 0.35(14)
Standard Pasitive control 415(166)+ 315(126)+  09036)+ 820(3M)+ 5000+ 358(143)+ L0843+  9.65(386)+
Standard Mutagenic samples
- Fresh 0.10(4)- 0- 0- 0.10(4)- 0.08(3)- 0.05(2)- 0.03(1)- 0.15(6)-
- Blanched 0.08(3)- 0.05(2)- 0- 0.13(5)- 0.13(5)- 0.05(2)- 0 0.18(7)-

Fermented  0.05(2)- > 0 0052- 0480 0050 > 023(9)



Table 8 (Continued)

Type of medium Spot per wing3 (No. of spots from 40 wings)
vall sirgle La@sirQemal 1Mn§ns T _%m Svall srfe Lamsirgjemal ; Mn%ns Tod jm
Period 1b Period 2C
r;qg% 51551% 0 0 352150 sgalso 0 0
Abalone mushroom
Standard Standard (ggthecrtd)  0.2(8) 0 0.03(1) 0.23(9) 0.25(10) 0 0 0.25(10)
Standard Positive control 745(298)+  21586)+ 06526+  1025(410+ 1104400+  175(70)+  04(16)+ 13153204
Standard Mutagenic samples
- Fresh 0.13(5)- 0- 0- 0.13(5)- 0- 0.05(2)- 0.03(1)- 0.08(3)-
- Blanched 0.05(2)- 0.03(1)- 0- 0.08(3)- 0.1(4)- 0.03(1)- 0.03(1)- 0.15(6)-
- Fermented 0.05(2)- 0.05(2)- 0- 0.1(4)- 0.08(3)- 0.03(1)- 0- 0.1(4)-

a = Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wurgler (1988) for comparison with diistilled weter: + = positive,
- = negative, 1= inconclusive; = multiplication factor. Probability levels: oc = p =0.05. One- sided statistical tests,

b = Mating parent flies fed on any media until 3 day- old larvae,

¢ =3 day old larvae were collected and transferred to another media.



4.2 Actual Study: Mutagenic Modulation of Mushroom extracts
4.2.1 Simultaneous feeding study

Table 9 shows the frequencies of different categories of wing spots induced
by 4 kinds of mushrooms extracts. I is shows that the fresh (FBM) and blanched
(BBM) button extracts increased the frequency of mutant spots (p<0.05). The mutation
indices (Mis) of urethane are modified by FBM and BBM to be 1.28 (Trial 1), 1.16 (Trial
2) and 121 (Trial 1), 1.61 (Trial 2). The trend reduction of wing spots induced by
urethane was observed when the extract from fermented button mushroom (PBM) to be
0.82 and 0.92 for trial 1 and trial 2, respectively. The mutation indices of urethane are
modified by blanched shiitake mushroom (BSM) to be 0.92 and 1.12 in tril 1 and tria
2, respectively but the frequencies of wing spots induced by urethane were decreased
in fresh shiitake mushroom extract (FSM); 0.7 (Trial 1) and 0.55 (Trial 2), and fermented
shiitake mushroom extract (PSM) showed strong antimutagenicity; 0.15 (Trial 1) and
0.17 (Trid 2). The Mis of urethane obtained from a number of wing spots of flies
derived from larvae fed from fresh oyster mushroom (FOM) are 1.24 (tral 1) and 1.08
(trial 2), blanched oyster mushroom (BOM) are 0.87 (tridl 1) and 0.75 (trial 2), and
fermented oyster mushroom (POM) are 0.72 and 0.87, for tral 1 and tria 2,
respectively. Working on fresh abalone mushroom (FAM), blanched abalone mushroom
(BAM) and fermented abalone mushroom (PAM), the frequencies of wing spots
induced by urethane slightly increased. The mutation indices of FAM, BAM, and PAM
are 092 and 1.21, 1.01 and 1.22, and 1.06 and 0.91, for tnal 1 and trial 2, respectively.
Thus, the results indicated that FSM, PSM, BOM, and POM might have some
constituents that could inhibit the genotoxicity of urethane and PSM has a stronger
inhibitory effect. Mutagenic potentiator found in the extracts from FBM, BBM, FOM,
FAM, and BAM. Expressly, BBM showed a potent mutagenicity potentiator.



Table 9 Wing spot induction on Drosophila melanogaster derived from 100 trans-heterozygous mwh+/+fir3 larvae of the improved high bioactivation

cross fed on experimental media in simultaneous feeding study.

Type of medium

Period 1b Period 2C

Button mushroom
Standard  Standard (recgtive i)
Standard  Positive control
Standard ~ Samples
- Fresh
- Blanched
- Fermented
Standard  Experimental
- Fresh
- Blanched
- Fermented

Srall single

Spots
=20

0.01(4)
393(157)+

0.05(2)
0.08(3)
018(7)

6.58(263)+
590(2%)
4.18(167)+

—+

Large single
Spots
M50

0
343(137)+

008(3)
0-
>

273109+
298(119)+
188(75)+

Tridl 1

Tim spots

0.80(32) +
0.65(26)+
0.43(17)+

Totdl spots

=20

001(4)
790(316)+

0136
0.080)
0.18(7)

10.10(404)+
953(381)+
6.48(250)+

M.

100

128
Wil
0.82

Srall single

o6
=20

0.08(3)
4.18(167)+

00809
0.1807)
i

+

405(162)
553(221)+
343(137)+

Spots per wing a(No. of spots from 40 wings)

Large single
Spofs
50

0
213(85)+

0.05()
003(1)
0-

2.88(115)+
3.98(159)+
2.13(85)+

Trial 2

T spots
=50

0.38(15)+

o

0833
1234

O© L
+

)+

- 0.65(26)+

Totdl spots
=20

0.080)
6.68(267)+

0136
0209
O-

775(310)+
1073(429)+
6.20(248)+

ML

100

116
161
092



Table 9 (Continued)

Type of medium Spot per wing a(No. of spots from 40 wings)
Tridl 1 Tridl 2
, , Sl single single  Twng Todspots M1 Sl single sngle  Twing Tods M.
Period 10 Period 2° spotsrg Larga potsrg pots o ; potsrg Larsge potsng pots s
20 50 50 =20 =20 50 50 20
Shitake mushroom
Standard 33 dOrd (egpecrtd)  0.10(3) 0 0 0.10(3) 0.08(3) 0 0 0.08(3)
Standard  Positive control 393(157)+  343(137)+ 05522+ 190(16)+ 100 416(154)+ 21479+ 03814+ 628247+ 100
Standard ~ Samples
- Fresh 0.08(3)- 0- 0- 0.08(3)- 0.08(3)- 0.08(3)- 0- 0.15(6)
- Blanched 0.1305 0 0- 0.13(5) 0.03(1)- 0.03(1)- 0- 0.05(2)-
- Fermented 0.05(2)- 0- 0- 0.05(2)- 0.08(3) 0.03(1)- 0- 0.10(4)
Standard  Experimental
- Fresh 2.80(112)+

2088+ 0500+ 550220+ 070 24598+ 10542+ 018+ 36847+ 055
- Blanched L08(163)+  280(112)+  038(15)+ 752900+ 092 450(180)+  238(%5)+  0.60(24)+ 748299+ 112
- Fermented 07329+ 04517+  003(1-  L18@7+ 015 08534+ 0187+  008(3)+ Ll 0L

—+



Table 9 (Continued)
Type of medium

Period 1h Period 2C

Oyster mushroom
Standard  Standard (repivecrtrd)
Standard  Positive control
Standard ~ Samples
- Fresh
- Blanched
- Fermented
Standard  Experimental
- Fresh
- Blanched
- Fermented

Sl single

Spots
=20

0080
275(110)+

0.08(3)
0.03(1)
0-

4.20(169)
2 68(107)+
2 63(105)+

+

Lare single
spots
=50

003()
2 68(107)+

005(2)
¢
¢

273(109)+
223(89)+
175(70)+

Trid 1
Twingpots

a0

0
0.78(31)+

003(1)
i
003(1)

0.75(30)+
050(20)+
0080

Spot per wing a(No. of spots from 40 wings)

Totdl spots
=20

0104
6.20(248)+

015(6)
003(1)-
0.03(1)

7.68(307)+
540(216)+
445(178)+

MI.

100

124
0.67
0.2

Sl single

pots
=20

0.10(4
548(219)+

023(9)+
0.08(3)
0.15(6)

480(192)+
3.18(127)+
4.35(174)+

Lo
single spots
50

0
175(70)+

003(0)-
005(2)
>

2.6(104) +
L78(71)+
173(69)+

Tridl 2
Twingpots

=50

0.03(2)
0.80(32)+

>
>
0.03(1)

1.28(51)+
1.05(42)+
0.88(35)+

Totdl spots
=20

0136
803320

0.25(10)+
0.13(9)
0.18(7)-

B 68(347)
6.00(240+
695(2T8)

MI.

100

108
0.75
0.87



Table 9 (Continued)

Type of medium Spot per wing 3(No. of spots from 40 wings)
Trial 1 Tridl 2
: , Sl single sngle  Twins Tods ML Sral single Twnspots  Tod S M,
Porid b Period 2C x potsrg 1 - o Tod spos i Sirgfge a po pos
=20 50 50 =20 =20 50 50 me20
Abalore mushroom
Standard  Standard (epmectrd)  0.08(3) 0.03(1) 0 0.10(4) 0.10(4) 0 0 0.10(4)
Standard  Positive control 2751100+ 268(107)+  0.78(3L)+ 62048+ 100 24292+ 07127+ 039(15)+ 353(134)+ 100
Standard ~ Samples
- Fresh 0.05(2)- 008(3-  0031)-  015(6) 0.156)  0.03(1) 0 0.18(7)
- Blanched 0.10(4 0- 0- 0.10(4)- 0- 0- 0 0-
- Fermented 0.08(3)- 0052)-  003(1)-  0.150)- 0.13(5)- 0- 0 0.13(5)-
Standard  Experimental
- Fresh 23594+ 298119+ 0.35(14)y+  568(227)+ 092 205(82)+ 163(65)+ 0.60(24)+ 428(171)+ 12
- Blanched 285114y 295(118)+  045(18)+  6.25(2501+ 101 265106+ 103(52)+ 0.35(14)+ 430172+ 12

5
- Fermented 365(146)+  238(%5)+ 05823+  6.60(264)+ 106 228091+  06827)+ 02510+ 320128+ 091
a = atistical cliagnoses Lsing estinetion of spot frequencies and confidence limits accorcing to Fa and \Argler (1988) for comparison with distilled water: + = positive, - = negative, 1=
inoonclusive; m=muiplication factor, Protelality levels: (x = p = 0.05. One-siced statistical tests,
b= Veting parent flies fed on any eciia Lrtil 3 day- old larvee
¢ =3 cay old larvee were collected and transferred to another mecia



I

4.2.2 Pre-feeding Study

Effect of each mushroom extract

Fresh button mushroom (FBM) and blanched button mushroom (BBM)
reduced the number of total wing spots induced by urethane in type | experiment but
FBM induced the mutageincity of urethane in type Il experiment. Ftowever, PBM
reduced total wing spots in both type land type Il experiments. For type |experiment
the mutation indices (Mis) of urethane were modified by FBM and BBM to be 0.86 and
0.86, respectively. For type Il experiments were Mis of urethane are modified by FBM to
be 1.54 and 1.53 intridl 1 and trial 2, respectively. Mis of urethane were modified by
PBM to be 0.77 and 0.80 for type Iand type Il experiments, respectively. it was also
found the same trend in the second trial (Table 10).

Fresh shiitake mushroom (FSM) in type Iand type Il experiments, blanched
shiitake mushroom (BSM) in type I experiment, the wing spots were not different from
that of urethane control group. But BSM, by contrast, reduced the total wing spots
induced by urethane in type Il experiment. Mis of urethane were modified by that
medium to be 0.82 and 0.67 for trial 1 and trial 2, respectively. Fermented shiitake
mushroom (PSM) decreased the total wing spotsinduced by urethane in type |
experiments. Mis of urethane were modified by this medium to be 0.78 and 0.85 for
type Il experiment in trail and trial 2, respectively. But, type Iexperiment, the wing
spots were not much different from that of urethane control group (Table 11).

Fresh oyster mushroom (FOM) and blanched oyster mushroom (BOM)
increased the total wing spots induced by urethane in type Iand type Il experiments.
On the other hand, fermented oyster mushroom (POM) reduced the total wing spots
induced by urethane in both type Iand type Il experiment. (Mis) of urethane were
modified by FOM to be 1.83 and 1.89 for type Iand type Il experiments, respectively.
(Mis) of urethane were modified by BOM to be 1.90 and 1.75 for type land type |l
experiments, respectively. And (Mis) of urethane were modified by POM to be 0.65 and
0.59 for type land type Il experiments, respectively. twas also found the same trend in
the second trial (Table 12).

Fresh abalone mushroom (FAM) reduced the total wing spots induced by
urethane intype Iexperiment but this sample, the frequencies of mutant spots between



I/

flies obtained from larvae pre- fed with FAM medium  type Il experiment and positive
control were' not much different. Mis of urethane were modified by FAM in type |
experiment to be 0.58 and 0.56 for trail and trial 2, respectively. Blanched abalone
mushroom (BAM) and fermented abalone mushroom (PAM) reduced the total wing
spots induced by urethane in hoth type land type Il experiments. Mis of urethane were
modified by BAM to be 0.73 and 0.78 for type Iand type Il experiment, respectively.
And Mis of urethane were modified by PAM to be 0.50 and 0.61 for type Iand type I
experiment, respectively. It was also found the same trend  the second trial (Table
13).

The results suggest that fresh mushroom extracts namely, button mushroom
exhibited a moderate mutagenicity potentiator induced by urethane in pre- feeding
type Il experiment. Furthermore, fresh and blanched oyster mushroom showed a strong
mutagenicity potentiator induced by urethane both  type land type Il experiment. On
the other hand, blanched mushrooms sample namely, button mushroom  type |
experiment, shiitake mushroom in type Il experiment and abalone mushroom in both
type land type Il experiments trend to decreased mutagenicity induced by urethane.
addition, al fermented mushrooms decreased the number of total mutant spots.
Similar trend was observed when the experiment was repeated, thus mushrooms
fermentation process may changed some composition or chemical substance to
decreased mutagenicity.



Table 10 Wing spot induction in pre-feeding study of button mushroom extracts on Drosophila melanogaster derived from 100 trans-heterozygous

mwh+/+flr larvae of the improved high bioactivation cross.

Type of medium
Period 1b Period 2C
Standard  Stancard (reetive crird)
Standard Positive control
Type lexperiment
Samplesd
- Fresh Standard
-Blanched  Standard
-Fermented  Standard
Samples'
- Fresh Positive control
- Blanched Positive control
-Fermented  Positive control

Sl single
Spots

M=

0.08()
3 90(156)+

003(0)-
0.08(3)
0.08(3)

3 75(150)+
328(130)+
250(100) +

Large single
Spots
5.0

003()
195(78)+

005(2)-
003(1)-
005(2)

1.38(55)+
178(71) +
185(74)+

Tridl 1
Twnspots

=50

0
0.75(30)+

0
0-
0-

0.55(22)+
0.65(26) +
0.93(37)+

Spots per wing a(No. of spots from 40 wings)

Totdl spots

me20

0.10(4
6.60(264)+

008(3)
0.10()
0136

5,68(227)+
5,70(228)+
528(211)+

M.

100

0.012
0.015
0.014

0.86
0.86
0.80

Srall single

Spots
=20

0104
550(220)+

0.08(3)
010(4)
0.08(3)

375(150)+
4.75(190)+
363(145)+

Large single

pOts
o0

005()
253(101)+

0.10(4)
005(2)
0.05(2)

273(100)+
2,60(104)+
270(108)+

Tridl 2
Tangpots — Total spots
=50 =20
0.03(2) 0.18(7)

135(54)+ * 9.38(3T5)¢

- 080
- 050
¢ 0130
190(76)+ 83833
090(36)+ 825330+
1854+ 8.18(327)+

MI.

100

0.019
0.016
0.014

0.89
0.8
0.87



Table 10 (Continued)
Type of medium

Period 1b Period 2C

Type Il experiment

Samplesd Samplesd

- Fresh - Fresh

- Blanched - Blanched

- Fermented - Fermented
Samples d Experimental6

- Fresh - Fresh

- Blanched - Blanched

- Fermented - Fermented

Small single
spots
=20

0.03(1)-
0.08(3)-
0.13(5)

7.48(299)+
4.90(196)+
3.28(131)+

Large
single spots
=50

1.83(73) +
1.25(50) +
1.40(56)+

Trial 1
Tdn spots

=5.0

0.85(34)+
0.35(14) +
0.43(56)+

Spots per wing a(No. of spots from 40 wings)

Trial 2
Total spots ML Small single  Largesingle  Twin spots
spots spots
=20 m=2.0 m=5.0 =50

«

0.10(4)-  0.015  0.08(3)- 0.13(5)- 0-

0.08(3)- 0012  0.10(4)- 0.18(7)- 0-

0.13(5)-  0.020  0.05(2)- 0- 0-
10.15(406)+ 154 10.28(411)+  2.73(109)+  1.30(52)+
6.50(260)+ 098  6.55(262)+  2.85(114)+  1.05(42)+
5.10(204)+ 077  530(212)+  1.70(68)+  0.50(20)+

Total spots MI.

m=2.0

020(8)  0.021

028(11)-  0.030
0.05(2)- 0
1430(572)+ 153
1045(418)+ 111

750(300)+  0.80

a = Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wurgler (1988) for comparison with distilled water: + = positive, - = negative,

[= inconclusive;

= multiplication factor. Probability levels: oc = (3 =0.05. One-sided statistical tests.

MI. = Mutation index was calculated from the number of induced total spots per wing subtracted by the value of the control group,
b = Mating parent flies fed on any media until 3 day- old larvae,
¢ = 3- day old larvae were collected and transferred to another media,
d = The medium prepared by substituted 1 ml distilled water with 1 ml of the mushroom extract.
e = The medium prepared by mixing the remaining ingredients (except distilled water) with L ml of the sample extract and 1ml urethane (40mM).



Table 11 Wing spot induction in pre-feeding study of shiitake mushroom extracts on Drosophila melanogaster derived from 100 trans-heterozygous

h+/+flr3 larvae of the improved high bioactivation cross.

Type of medium

Period 1b Period 2C
Standard Standard
Standard Positive control

Type lexperiment

Sample d
- Fresh Standard
- Blanched Standard
- Fermented  Standard
Sampled
- Fresh Positive control
- Blanched Positive control

- Fermented Positive control

Small single
spots
=20

0.10(4)
5,638 (225)+

0.05(2)-
0.05(2)-
0.08(3)-

5.45(218)+
6.95(278)+
4.98(199)+

Large single
spots
m=5.0

0.05(2)
1.95 (78)+

0.05(2)-
0.
0.

2.60(104)+
2.08(83)+
2.23(89) +

Trial 1
Tin spots

=50

0
0.98 (39)+

0-
0.03()-
0.05(2)-

1.15(46)+
0.85(34)+
1.40(56)+

Spots per wing a (No. of spots from 40 wings)

Total spots

=20

0.15(6)
8.55 (342)+

0.10(4)-
0.08(3)-
0.13(5)-

9.20(368)+
9.88(395)+
8.60(344)+

M.

1.00

0.015
0.012
0.019

1.08
1.16
1.01

Small single
spots
=20

0.18(7)
1.10(284)+

0.10(4)-
0.10(4)-
0.08(3)-

8.46(330)+
7.05(282)+
5.48(219)+

Large single

spots
=50

0.03(1)
2.45(98) +

0.08(3)-
0.13(5)-
0.05(2)-

2.39(92)+
2.32(93)+
2.58(103)+

Trial 2

Twinspots  Total spots M.
=50 =20
0 0.20(8)

1.28(51)+  10.83(433)+  1.00
0- 0.18(7)- 0.016
0- 0.23(9)- 0.021
0- 0.13(5)- 0.012

0.90(35)+ 11.72(457)+  1.06

1.05(42)+  10.43(417)+  0.96

1.33(53)+  9.38(375)+  0.87



Table 11 (Continued)

Type of medium Spots per wing a (No. of spots from 40 wings)
Trial 1 Trial 2
period 1b period 2" Small single ~ Largesingle  Twinspots  Total spots ML Smallsingle  Largesingle  Twinspots  Total spots
spots spots spots spots
=20 m=50 =5.0 = m=2.0 L— =5.0 =20

Type Il experiment
Sample d Sample d

- Fresh - Fresh 0.08(3)- 0.10(4)- 0- 0.18(7)-  0.026  0.13(5)- 0.05(2)- 0- 0.18(7)-

- Blanched - Blanched 0- 0.08(3)- - 0.08(3)- 0012  0.05(2)- 0.05(2)- 0.08(3)- 0.18(7)-

- Fermented - Fermented - 0.05(2)- 03(1)- 0.08(3)-  0.012 0- 0.13(5)- - 0.13(5)-
Sample d Experimentale

- Fresh - Fresh 28(211)+  2.23(89)+  0.70(28)+  8.20(328)+ 096  6.35(254)+  2.00(80)+ 98(39)+  9.33(373)+

- Blanched - Blanched 4.83(193)+  135(54)+  0.80(32)+ 6.98(279)+  0.82  523(209)+  1.35(54)+  0.68(27)+  7.25(290)+

- Fermented I - Fermented 3.83(153)+ 1.88(75)+  0.70(28)+ 6.40(256)+  0.78  5.60(224)+  2.43(97)+  1.13(45)+  9.15(366)+

a = Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frel and Wurgler (1988) for comparison with distilled water: + = positive, - = negative,
[= inconclusive; m = multiplication factor. Probability levels: (X=p =0.05, One-sided statistical tests.

MI. = Mutation incex was calculated from the number of induced total spots per wing subtracted by the value of the control group,

b = Mating parent flies fed on any media urtil 3 day- old larvae,

¢ = 3-day old larvae were collected and transferred to another media.

d = The medium was substituted mushroom extract (5% wiv) and was mix with anather components.

e = The medium prepared by mixing the remaining ingredients (except distilled water) with 1 ml of the sample extract and Iml urethane (40mM).

ML

0.016
0.016
0.012

0.86
0.67
0.85



Table 12 Wing spot induction in pre-feeding study of oyster mushroom extracts on Drosophila melanogaster derived from 100 trans-heterozygous

mwh+/+flr3 larvae of the improved high bioactivation cross.

Type of medium

Period 1b Period 2r

Standard Standard
Standard Positive control

Type I experiment

Sample d
- Fresh Standard
- Blanched Standard
- Fermented  Standard

Sampled
- Fresh Positive control
- Blanched Positive control

- Fermented Positive control

Small single
spots
=20

0.03(1)
3.28(131)+

0.05(2)-

0.05(2)-

0.08(3)-
6.20(248)+
6.75(270)
2.43(97)+

+

Trial 1
Large single ~ Twn spots
spots
m=5.0 =50

003(1)  0.05(2)

L75(70)+  0.75(30)+

0.05(2)- 0-
0- 0.03(1)-
0.03(1)- 0-

3.20(128)+  1.15(46)+
2.80(L12)+  L.43(57)¢
1.00(40)+  0.30(12)+

Spots per wing a(No. of spots from 40 wings)

Small single

spots
=20

0.15(6)

3.11(118)+

0.10(4)-
0.10(4)-
0.08(3)-

5.30(212)+
5.60(224)+
2.55(102)+

M.

1.00

0.031
0.039
0.022

1.60
1.98
0.78



Table 12 (Continued)

Type of medium

Period 1b

Type Il experiment
Samplea

- Fresh

- Blanched

- Fermented
Sample a

- Fresh

- Blanched

- Fermented

Sampled

- Fermented
Experimental6

- Fermented

Small single
spots
m=2.0

0.08(3)-
0.08(3)-
0.05(2)-

6.40(256) +
5,88(235)+
1.80(72)+

Trial 1
Large single  Tn spots
spots
r =50
0.03(1)- 0-
0.05(2)- 0-

0- 0-
2.78(110)+  1.73(69)+
2.70(108)+  1.55(62)+

1.20(48)+  0.40(16)+

Spots per wing a(No. of spots from 40 wings)

Total spots

m=2.0

0.10(4)-
0.13(5)-
0.05(2)-

10,90(436)+
10.13(405)+
3.40(136)+

M.

0.017
0.022
0.008

1.89
175
0.59

Small single
spots
me=

0.08(3)-
0.13(5)-
0.18(7)-

5.18(207)+
5.53(221)+
2.18(87)+

Large single
spots
=5.0

0.05(2)-
0.05(2)-
0.03(1)-

2.53(101)+
3.40(136)+
1.18(47)+

Trial 2
Tn spots

=50

0.03(1)-
0.
0-

1.68(67)+
2.08(
(

83) +
0.30(12) +

Total spots

=20

0.15(6)-
0.18(7)-
0.20(8)-

9.38(375)+
11.00(440)+
3.65(146)+

a = Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frel and Wurgler (1988) for comparison with distilled water: + = positive. - = negative,
= inconclusive: m = multiplication factor. Probability levels: ot = (3=0.05. One-sided statistical tests.
MI. = Mutation index was calculated from the number of induced total spots per wing subtracted by the value of the control group,

b = Mating parent flies fed on any media until 3 day- old larvae,

¢ =3-day old larvae were collected and transferred to another media,
d = The medium prepared by substituted 1 ml distilled water with 1 m of the mushroom extract.

e = The medium prepared by mixing the remaining ingredients (except distilled water) with 1 ml of the sample extract and Iml urethane (40mM).

M.

0.026
0.031
0.034

1.60
1.88
0.62



Table 13 Wing spot induction in pre-feeding study of abalone mushroom extracts on Drosophila

h+/+fir larvae of the improved high bioactivation cross.

Type of medium

Period 1b Period 2C

Standard Standard
Standard Positive control

Type lexperiment

Sample
- Fresh standard
- Blanched Standard
- Fermented  Standard

Sampled
- Fresh Positive control
- Blanched Positive control
- Fermented Positive control

Small single
spots
=20

0.15(6)
6.50(234)+

0.05(2)-
0.05(2)-
0.08(3)-

4.58(183)+
5,38(215)+
3.20(128)+

Large single
spots
m=5.0

0.03(1)
2.39(86) +

0.05(2)-
0.
0.

0.93(37)+
1.23(49)+
1.15(46) +

Trial 1

Timn spots

=5.0

0
1.03(37) +

0-
0.03(1)-
0.05(2)-

0.25(10) +
0.68(27) +
0.63(25) +

Total spots

m=2.0

0.18(7)
9.92(357)+

0.10(4)-
0.08(3)-
0.13(5)-

5.75(230)+
1.28(291)+
4.98(199)+

M.

1.00

0.01
0.008
0.013

0.58
0.73
0.50

Small single
spots
=20

0.20(8)
7.23(289)+

0.10(4)-
0.10(4)-
0.08(3)-

3.88(155)+
6.33(253)+
5.28(211)+

Spots per wing a (No. of spots from 40 wings)

Large single

spots
=50

0.03(1)
1.68(67) +

0.08(3)-
0.13(5)-
0.05(2)-

0.93(37)+
0.78(31)+
1.03(41) +

Trial 2

Tiin spots

=50

0.03(1)
1.13(45)+

0-
0-
0-

0.78(31) +
0.53(21) +
0.70(28) +

Total spots

=20

0.25(10)
10.03(401)+

0.18(7)-
0.23(9)-
0.13(5)-

5.58(203)+
7.63(305)+
7.00(280)+

elanogaster derived from 100 trans-heterozygous

M.

1.00

0.018
0.023
0.013

0.56
0.76
0.70



Table 13 (Continued)

Type of medium

Period 1b period 2" Sl singl
spots
M2
Type Il experiment
Sampled Sampled
- Fresh - Fresh 0.13(5)-
- Blanched - Blanched 0.05(2)-
- Fermented - Fermented 0.05(2)-
Sample a Experimentale
- Fresh - Fresh 7.05(282)+
- Blanched - Blanched 6.00(240)+
- Fermented - Fermented 4.60(184)+

Large single
spots
=5.0

0-
0.03(1)-
0.05(2)-

3.18(127)+
1.10(44)+
1.00(40)+

Trial 1

Twdn spots

m=5.0

1.30(52)+
0.63(25) +
0.48(19) +

Total spots

mreo

0.13(5)-
0.08(3)-
0.10(4)-

11.53(461)+
7.73(300)+
6.08(243)+

M.

0.01
0.008
0.010

1.16
0.78
0.61

Spots per wing  (No. of spots from 40 wings)

Small single  Large single
spots spots
mee =50

0- 0.05(2)-

010(4)-  0.03(1)
0083 0.03(1)

6.67(268)+  1.98(79)+
6.75(270)+  1.38(55)+
5.75(230)+  120(48)+

Trial 2

Twin spots

=5.0

0.03(1)-
0.03(1)-
0-

1.23(49) +
0.60(24) +
0.40(16)+

Total spots

m=2.0

0.08(3)-
0.13(5)-
0.10(4)-

9.90(396)+
8.73(349)+
7.35(204)+

a = Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frel and Wurgler (1988) for comparison with distilled water: + = positive, - = negative,

| = inconclusive; m = multiplication factor. Probability levels: cc = p =0.05. One-sided statistical tests.
MI. = Mutation index was calculated from the number of induced total spots per wing subtracted by the value of the control group,

b = Mating parent flies fed on any media until 3 day- old larvae,

¢ = 3 day old larvae were collected and transferred to another media.
d = The medium prepared by substituted 1 ml distilled water with 1 ml of the mushroom extract.
e = The medium prepared by mixing the remaining ingredients (except distilled water) with 1 ml of the sample extract and Iml urethane (40mM).

M.

0.008
0.013
0.010

0.99
0.87
0.73
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