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Abstract

The purpose of this study was to investigate the antimicrobial activity, antimutagenic and anticancer
effects and dyeing properties of the fermented indigo extract.

The methanol extract of fermented indigo showed a strong inhibition effect on Trich. mentagrophytes
and antimutagenic activities against aflatoxin Bi(AFB:) in the Ames test using Salmonella typhimurium
TA 100. We also found in vitro anticancer effects of the methanol extract of fermented indigo and it was
evaluated by using Clone M—3 mouse melanoma cells and A431 human epidermoid carcinoma cells and
exerted little cytotoxity against 3T3—L1 embryo fibroblast cell.

In the relationship between the K/S values of cotton and silk fabrics dyed with fermented indigo and
dyeing repeating times, the K/S values became higher as the repeating times were increased. The K/S
values were high when the fabrics were dyed at low temperture. The K/S values of cotton fabrics were
higher than those of silk fabrics. Changes of surface color of silk fabrics were higher than those of cotton
fabrics after water fastness test, laundering, irradiation and treatment of acidic and alkaline perspiration.
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Table 1, Characteristics of fabric

Fabric  Weave Density(per ¢m) Weight
ends picks (g/m?)
Cotton Plain 295 26.8 100
Silk Plain 56.3 39.8 26

A a2 U Culture(Aspergillus nigerE JE)
=4 HaAzl dEREGAY G4 AEE &
FMEd WX 9 ZAXE 20T &1 1:200, pH
11~1158 FRASEA 3] HEEAS ofd F4
H ANEE FE8 THF AZAZA

2) &4

HAEF7t Gd Z9 - 7tA R BRI A
(Shimadzu UV—2101 Scanning spectrophotometer,
Japan)& AHE-3te] G 2°Aokoll A EHRMIES
ZA3}l7 Kubelka—Munk 4]0.2 FWHIAET
(K/S)E +3htch

(1-R)?
2R

K/s=

o714, R: &
K:&
St

T3 AR Aol wE JAEY M)
E C2Y 2AokIA 313U X, Y, 28 248 §
Munsell 244 H V/C, Hunter®] L, a, b @ 2}
AEaE &3

AEas=((4L)2+ (da)?+ (4b)2)v2

&7]4, L=10 Y2
a=175(102X-Y)/YV?
b=7.0(Y—0847Z)/Y"

4. Y AT LD

D Edg=
KS KS06459] AW (H 23| ZuEy )l 2] A3}
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1) Trich, mentagrophytes] e S+ &

AzZZ NALREZEZRE FFFQA Trich.
wentagrophytes?) sl FFEA7E Z7] Wl &
A= 2=ZE 9| Trich. mentagrophytes®] g+ A374A
HEAFAE A73 A= Table 20 vebd wpe} 72
o, FHEANA 447 BEANZD BEFEZES
0.25mg/mlo} 05mg/mld 7HA] 22 36% 4229 &
FEE, 8Y7 HEAZ EFFEZREE T
39%, 46%¢ L dFAHE Ho, AR FEE
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#= Table 33 7tk 1.25mg/plate H #3315
A 30CNM 4, YL WEAZ LAHL 77
46%, 50%°] aflatoxin Bi(AFB;)¢] o] 244
S JASEE HERE WEEFEES 52%° Asl

S~

=
%

Hir

i

,.
it
Lo
ol

E3E e} 25mg/plate F7FsEoNA 2E
Z fgL3229 aflatoxin Bi(AFB)ol i3 3=
Aol &= 47 57%, M%E JEbges & o
Be F2ES 58%9 E9hde] JAHAFNE vEhl
o] ZZo| BHaFolx FEUAY o] A= AHAY W

LETELS By

Table 2, Antimicrobial activity of fermented indigo
on the growth of T'rich, mentagrophytes on
Sabrouraud medium at 30°C

Sample ODeax

0.25mg/mi 0.5mg/ml
Control 0.53+0.02 0.53+0.02
DIL! 0.33+0,01(38)4 0.30+£0.01(43)
FIL 4 0.34:+0.02(36) 0.31+0,01(42)
FIL & 0.3340.01(39) 0.29+0.01(46)

! Dried indigo leaves

? Indigo leaves fermented for 4 days at 30C by
Asp. niger

3 Indigo leaves fermented for 8 days at 30C by
Asp. niger

4 The values in parantheses are the inhibition
rates(%)

32 9= AL =2 vebyth

3) MTT assay & ©]-83t in vitro ¢ ET

(1) 3T3~L1 embryo fibroblast cellel] 3 &3}

WEE FE2Eo] GA XA AdHor FHE
AYEAE Yolr7] 98 F4ME] 3T3—L1
embryo fibroblast cell8- ©]&3le HMEEHIEAE
AExstg k. Table 4914 RE 89 Zo
10pg/assay A7t sLolA F(Asp. mger) & HEA
A JCAA 49, 87 HEANZ EFEFES e
% 0Dz dE79 0D ¥ziew, vs
#E vehd ROE Mol M E wiEte LA
Z FZ2E2 AEEAS HolA 4tk

(2) Clone M—3 mouse melanoma cello] g &3}

WMEZ 2Z2E2 Clone M—3 7h¢A Wabier} ¢
A xZF et MTT assay=S 2 Alsksich Table
52 ZEZ U BAZ9) Clone M—3 al$-2 dali-u}
o et A EHJE MTT assay2 A E Aol
o gz 4 Az g Jehls 0D BY
10pg/assay A7t FxolA HZZE: WEgFE=
41%9] ANEAE 2 ¥Hd, 0CA 44, 897
dEANT BFREEL 747 3%, 3% ANEHE
UERI Y, 20pg/assay A7 BEAME Z W
FE2E0] 43%2 AHAAE JEPHAA T 30CAlA
49, 8UZF LENZ BFEES 717 3%, 3%

s
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Table 3, Effect of methanol extracts from
fermented indigo(by Asp. niger at 30°C)
on the mutagenicity induced by aflatoxin
Bi(AFB), 0,75¢g/plate) in Salmonella

typhimurium TA100

49

Table 5, 3—(4,5—dimethylthiazol—2—yl)—2 5~
diphenyltetrazolium bromide(MTT) assay of
the extracts(xg/assay) from fermented
indigo(by Asp. niger at 30°C) against
Clone M—3 mouse melanoma cells

Revertant/plate
Treatment (level of extract mg/plate)
1.25mg/plate 2.5mg/plate
Spontaneuos 87+6
Control(AFB:) 726+23
AFB:+DIL! 395121(52)* 356+7(58)
+FIL 42  433%+11(46) 359+16(57)
+FIL 8  406+9(50) 382+11(54)

! Dried indigo leaves
2 Indigo leaves fermented for 4 days at 30C by

Asp. niger

* Indigo leaves fermented for 8 days at 30C by
Asp. niger

¢ The values in parantheses are the inhibition
rates(%)

Table 4, 3—(4,5—dimethylthiazol—2—yl)—25—
diphenyltetrazolium bromide(MTT) assay of
the extracts(xg/assay) from fermented
indigo (by Asp. niger at 30C) against
3T3--L1 fibroblast cells

Sample ODsw

10¢g 20ug
Control 0.59+0.01 0.59+0.01
DIL! 0.56+0.01(5)4 0.49+0,01(18)
FIL 42 0.5910.01(0) 0.50+£0.01(17)
FIL & 0.68+0.02(0) 0.46+0,01(22)

! Dried indigo leaves

¢ Indigo leaves fermented for 4 days at 30C by
Asp. niger

% Indigo leaves fermented for 8 days at 30C by
Asp. niger

4 The values in parantheses are the inhibition
rates(%)

AR aHE JeRf AT
(3) A431 human epidermoid carcinoma celle] t)
iy

Sample ODsa

10pg 201g
Control 0.49+0.01 0.4940.01
DIL! 0.29+0,01(41) 0.2840.01(43)
FIL 4 0.28+0,01(35) 0.3240.01(35)
FIL & 0.33+0.01(33) 0.33+0.01(33)

! Dried indigo leaves

¢ Indigo leaves fermented for 4 days at 30°C by
Asp. wniger

3 Indigo leaves fermented for 8 days at 30°C by
Asp. niger

¢ The values in parantheses are the inhibition
rates(%)

Table 6, 3—(4,5—~dimethylthiazol—2—yl)—2,5—
diphenyltetrazolium bromide(MTT) assay of
the extracts(xg/assay) from fermented
indigo (by Asp. niger at 30°C) against
A431 human epidermoid carcinoma cells

Sample ODxo

10ug 20pg
Control 0.9540.01 0.9540.01
DIL! 0.9040,01(5) 0.6840,02(29)
FIL 4 0.581:0.02(39) 0.551:0,01(43)
FIL & 0.71£0.01(25) 0.70+0,01(26)

! Dried indigo leaves

¢ Indigo leaves fermented for 4 days at 30°C by
Asp. wniger

% Indigo leaves fermented for 8 days at 30°C by
Asp. niger

4 The values in parantheses are the inhibition
rates(%)
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Fig. 1. K/S values of cotton fabrics dyed five times
with indigo fermented by various fermentation
methods.

A: Indigo fermented at 30°C naturally
B: Indigo fermented at 30°C by Aspergillus niger
C: Indigo fermented at 50C naturally
D: Indigo fermented at 50°C by Aspergillus niger

Fig. 2. K/S values of silk fabrics dyed five times
with indigo fermented by various fermentation
methods.

A: Indigo fermented at 30C naturally
B: Indigo fermented at 30°C by Aspergillus niger
C: Indigo fermented at 50°C naturally
D: Indigo fermented at 50°C by Aspergillus niger
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Fig. 3. Relationship between K/S values of cotton and
silk fabrics and repeating times.
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Fig. 4. K/S values of cotton and silk fabrics dyed for
five times with indigo leaves fermented for 4
days at 30C by Asp. miger at various
temperatures.
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Table 7. Changes in AL, Ada, A4b, AF. and Munsell color system of fabrics dyed with indigo leaves
fermented for 4 days at 30°C by Asp, niger after water fastness test

Dyeing :
Sample repeating AL da 4b AEab H v/C
times
3 32 24 —29 49 32PB 6.5/5.6
Cotton 5 —0.2 12 —12 17 3.6PB 53/6.4
7 13 16 —22 30 39PB 49/63
10 18 L0 —20 29 38PB 48/6.4
0.5 5.7 0.7 58 8.2B 8.2/26
Silk 26 54 46 75 14PB 7.3/38
0.9 5.3 21 57 20PB 6.4/44
10 28 5.3 33 6.8 2.0PB 6.4/4.3

Table 8, Changes in AL, da, Ab, AFw and Munsell color system of fabrics dyed with indigo leaves
fermented for 4 days at 30°C by Asp, niger after laundering

Dyeing
Sample repeating AL da 4b AEab H v/C
times
3 10.1 1.0 0.2 10.1 31PB 7.1/53
95 —02 22 98 3.2PB 6.2/5.9
Cotton /

5.0 1.2 —33 6.1 39PB 52/65
10 —04 20 —39 44 44PB 46/69
3 14.1 8.6 112 20.0 9.7G 9.4/05
Silk 5 22.0 6.3 17.7 29,0 7.5BG 9.2/0.7
25.9 22 151 30.1 31B 84/16
10 26.2 17 13.7 29.6 1.9B 8.3/16

Table 9, Changes in AL, Ada, 4b, 4E. and Munsell color system of fabrics dyed with indigo leaves
fermented for 4 days at 30°C by Asp. niger after irradation for 40hrs

Dyeing
Sample repeating AL da 4b AEab H v/C
times .
3 136 —06 6.7 152 0.9PB 78/3.6
Cotton 5 52 —07 0.6 5.2 28PB 58/6.1
7 59 0.2 —11 6.0 3.3PB 5.3/6.2
10 16 15 —35 41 39PB 47/66
118 35 134 182 2.3G 92/1.1
. 186 —0.8 175 255 6.0BG 8.8/1.9
Silk 148 —27 107 185 20B 79/31
10 158 —06 113 195 42B 76/3.1
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Table 10, Changes in AL, 4da, 4b, AFa and Munsell color system of fabrics dyed with indigo leaves
fermented for 4 days at 30°C by Asp, niger after treatment of acidic perspiration

Dyeing
Sample repeating dL da 4b AE» H Vv/C
times

3 —03 2.0 —28 35 3.3PB 6.4/58
Cotton 5 —0.7 16 —16 23 38PB 5.2/65
7 05 19 —33 39 41PB 48/65
10 -18 - 23 —28 40 44PB 45/6.6
09 71 14 7.3 9.3B 83/28
Silk 22 63 37 76 2.1PB 74/41
17 59 0.3 6.2 2.7PB 6.4/48
10 26 5.0 —0.7 5.6 2.6PB 6.2/47

Table 11, Changes in 4L, da, 4b, 4F., and Munsell color system of fabrics dyed with indigo leaves
fermented for 4 days at 30°C by Asp. niger after treatment of alkaline perspiration

Dyeing
Sample repeating AL da ab AEab H v/C
times

3 12 23 —27 38 34PB 6.4/5.6
Cotton 5 —0.7 15 —07 18 38PB 5.3/6.5
7 0.5 17 —29 34 42PB 48/6.6
10 0.6 16 —~2.2 2.8 41PB 4.7/64
24 73 2.1 79 8.6B 85/2.5
Silk 13 6.3 35 7.3 2.0PB 7.3/4.1
7 14 5.7 21 6.2 2.5PB 6.3/4.7
10 19 52 05 56 26PB 6.1/4.7
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