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Abstract— Antibacterial and deodorization properties of silk fabrics dyed with Sappan wood

are investigated by Halo, Shake flask, Bioassay and Detection column methods.
The results are obtained as follows ;

1. Although K/S values increase with Al mordant and concentrate concentrations, these are
decreased in 10% Al mordant concentration in case of 4még dye concentration.

2. Reduction ratios of bacteria increase with K/S values in various tests,

3. When undyed silk fabrics are treated with Al mordant, reduction ratios of bacteria are
not varied with Al mordant concentrations.

4. Deodorization property of Al pre-mordanted dyeing silk fabrics is better than one of unmor-
danted dyeing and raw silk fabrics.

5. Antibacterial properties of Cu and Cr mordanted dyeing fabrics are better than ones
of the dyeing fabrics treated with the other mordants.

6.

Natural dyes extracted from Sappan wood show the good antibacterial and deodorization
properties, and colorant among various components contained in Sappan wood has a excellent
antibacterial and deodorization properties.
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Table 1. Characteristics of silk fabric
Fabric density Weight
(thread/5cm)

Warp Weft Warp Weft (g/m?)

Counts

Weave

Plain 8D 85D/2 176 114 75%5

2.2 OHAH|

(1) Al g

Y2 Katayama Chemical Co, Ltd. Al 1%
Aluminium Acetate, Soluble® AF&-3}th

(2) Cu "hdA

& Junsei Chemical Co., Ltd. A1¢}F 155 Copper
(II1) Acetate monohydrateZ Al&-3th

(3) Cr oA

YU Katayama Chemical Co, Ltd. A% 1%
Chromium Potassium Sulfate - 12H,08 A3}
=3

(4) Fe wi<gAl

)5 Shinyo Pure Chemical Co., Ltd. A%} 17
Iron(II) Sulfate-7H.0& A3t Th

(5) Sn =HGA

Y E Shinyo Pure Chemical Co., Ltd. A1} 18
Tin(II) Chloride, dihydrateE AH&-3tt)

2.3 EXP|F YU ALEIY|

(1) Petri dish : ¢90mmoll o] 15mE A 2}sts]
AHg-stgTh

(2) ®F4 2 W3Z Loop : Wa4L ¢0.5~0.8mn,
o] 5~7cme] AL ARSI WEF loopE WA

omme] itzlRoko® &ho] AREEMYTH
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(3) ¥-#4A: 7k2 60~80cm, *ﬂi‘—_ 50~70cm,
ol 50~80cme] Abxbi MWl o
FeEl2 3o 2o d f@an «‘?«i—}‘}o#
A 23l ot

(4) pH meter :
AH8-3FE T

(5) TP #7] !
Al AMEE o

(6) &2 e £z o wigFEHe ALgs)
Ak

7HE R 2 249 pHEA

A7, WA g zAle] 4t

(7) Colony Counter : #5& Z%% o A&
gt

(8) Incubator : €% & 37C=2 §AstY #&
Hf A H T

(9) Spectrophotometer | §3% 28 o] &3}
Aol e dFE FA 317 sk Abgatoh
(Cary 5, Varrian, Australia)

24 EXW, T U P eh

(1) AA%: 600ppm7t=] &4 7} AABS
AH&8HACh(Gasteck Co., Ltd, JAPAN)
(2) 1t Staphylococcus aureusZhs EE A
= o] &8ttt
(3) At wiort
7} BHI(Brain Heart Infusion Agar)
1}) NB(Nutrient Broth)
H) TG(Tryptone Glucose)
2}) NA(Nutrient Agar)
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FHN 2449 AT APRe dudne
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Table 2. Al-mordanting and dyeing condi-

tions of silk fabrics for antibacterial

properties
7Mordar1t Dye Mordant Dye
(%, ow) (ml/g) (%. owf) (mlg)
0.5 0.5
0 1 5 1
2 2
4 4
0.5 0.5
1 1 10 1
2
4 4
LR. 1:100, Temp. 60C, Time 30min.

Table 3. Mordanting conditions of raw silk
fabric for antibacteria and deodori-

zation property

Mordant Conc. LR. Temp. Time
(%, owf) (©)  (min)
Al
Fe :
Cu 1 1:100 60 30
Cr 1
Sn 1

Table 4. Dyeing conditions of pre-mordan-
ted silk fabrics dyed with Sappan

wood concentrate

Conc. LR. Temp. Time
(%, ow.f) () (min)
Al mordanted
Fe mordanted 3
Cu mordanted 1 12100 60 30
Cr mordanted 1
Sn mordanted 1
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3.3 2FM A& (Detection column test)

(1) gRYo} 7k29] &8 £57} A Foll4
WA e £59 A9 fAE Fog Azt
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Fig. 1. Schematic diagram of Deodorization Test.

(2) ANEE 10X20emZ 3td 30%, 608, 90,
120802 vy FA &Y

(3) 1 stroke?l 10004E FY3t=S =AsYch

(@ At

Blank gas®] FT&—

AlS DL':]_ o] T
aAg(n) = 88 gl TE

Blank gas®] %

3.4 sFAA|E(Halo Test)

(1) Nutrient Broth(SFwi X)) . 8g/¢& %3]
23814170 ¥ pH 7.0~7282 A% F a¢HEA
71lA 15psiz 2083t EEd F WAsEh

(2) (D9 49 15ME AAEG=Ad ¥
% WF loopE d& ¥tk

(3) 37CoNA 18~24A1F & wid3l7] flaA
shaking 3l th

(4) shakinge] B4 & lcc AFH3MA petri
dishol ¥ ¥ Nutrient Agar 23g/¢-8<} 15ccE&
FAUTh

(5) Ae AA 28mE THEY (4)¥H petri
dishol %3, 37C2 IncubatorolAl 24A17F F<t
Hj ¥t .

(6) 13 29} %o} Halo’t A=A T3
A et ok

- -~

- o ;/\kl 8z (280m)

& Y,
N L
H

HALO(W)

<

N

Fig. 2. Schematic diagram of Halo Test.
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3.5 ##MA|2(Shake Flask Test)

(1) Nutrient Broth(NB £)o] WF loopR
& o] A3}, 37Tl 18 AR Agk wjkslgT)

(2) BlankA¥ I NBE9 3mlE A|dde] Y1
475nmel A F3-g 100% & Z3 3o

(3) (29 NPHA F& 05~2uf Fo] g
52% 2 248k oldle] @47} 1.5~3X10°7H
/o] B2 15~3X10°70/meE 237 YA <14t
HF B8NS olgdtd 17 33 Eol 1,000 3
A3

/][] /
Nutrient Broth N. Broth

Shake culture 3mé 9mé
18hr, 37TC (52% T/475rm)

PQ4 Buffer

(4) A= 15g& Zg38ta] 242t 2704 98tk
- Test-Time : 1.5g+70m¢ +&4 4 3F 5mé
- 0-Time : 70m¢ 3ol + 7 5mé
- 0-1 Time : 70m¢ 43N+ 5mé

(5) ¥ w4

0-Time, 0-1 Time, Test Time 2] #4Z 100~300
MNE 7] faiA 18 49 o] 1008 343}
A& st

(6) Xego]

Test-Time# 0-1 Time(Blank A1#)9l flaskE
1A1%} shaking®t ¥, 1004 3] 4ste] 18 59} o]
A3t

(7) & #Aag9 A

Smé 5mé

I 0.5me
/\‘ TN

/

PO. Buffer PO Butfer POs Buffer
) 45me 70me
(1.5~3.0X10%/me)
Inoculum

Fig. 3. Dilution method of inoculation bacteria.

m/m

Inocuium PO. Buffer

Imé

IJDJ—*LJLAJ—*M

16me
T.G.E agar

]

Incubate
18 ~24hr
37T

Fig. 4. Calculation method of bacteria number before shaking.
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1né
1mé
Sample
16me
T.G.E agar
S T rou suter N | —
- ‘ ]_m_J_"_m_‘
thr. ////
1mt Incubate
Inoculum 18~24hr
TN arc
1l
PO« Butfer PQq Buffer
[+11/
Fig. 5. Calculation method of bacteria number after shaking.
A-B 0].g 3lo] [ K] 3 9l
* 7‘:}_}_%(%) — X 100 X<Y ue \.-61'04 *“i‘«] g'q_o‘ °‘._‘X'“5]_L. Al‘:]'—‘—
A AEF) T, -10(X{100]2& A§e] fEtctn T

@ A AuA AEeteade 1w F5(0-
Time)
B: A% AzEagaade 1w T (Test-
Time)

(8) &443eiel #IBlank 2709l FHEE&

& %
F& X s A8 FEEase Y €

SNE!
0.5mt 1mé

AATCC Broth Salin 3m¢ Salin 9né
Shake culture (52% T/475mm) ,
37T, 18hr) 10°%cen/me 10

/—\»\/\/\/—\/

i3k

3.6 EFAA|E(Bioassay Test)

(1) A2Qo2 »ole FF7} 10°~2X10°7Imé
gx2 HAF3] FMsle 1mE HFYSIZ AME
ek’ 6).

1me int

Triton X-100
(Nonionic surfactant)

Salin 9mé Salin 8mé

10° 10°(Inocutum)

Fig. 6. Dilution method of actual inoculation bacteria.
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- L B or C or —A
(3) CONTACT TIME “0"olr <] Sampling - B % 100
BES WE AIZhe dEdE tzE ZE3HA B c B+ C A
e ARETIL Y= BelaAdw 100mie) gk orE T
RoX K, ) 5] A= o
B o] 19 77 2ol g3} Trypton Glucose O AT ARA RS AREd dolxl Al
Extract Agar® HUAAE whEo] wj3lHd). o
Filen
W GBI HE B:A%A7 "07e) AREeIN doj7l Al
HEd =X PRI gy 89235 37 o
o Ele
CToll & ~24 A7y ujeFE E 1 7} o] & ) e ~
ColA 18~24412 WFR ¥, 1% 83 ol 3 MR 0 e dage

Aot iR g 5o widstAch o711 H5E2

1ne 10°

Inoculum PO4 Buffer ™)
Jar Imé 100 mt
) , . 107
1mé 16me
/—\ T.G.E agar
- — — 1mt |

/ N 777777,
O O O O A int Incubate

: ! Broth 9me 18 ~24hr
Sample Incubate Shake /’\ 37T

18hr, 37T .
1 min fut

POy Buffer
9 m¢

Fig. 7. “0” Contact Time Procedure.

Inoculum  PQ, Buffer

Jar 1me 100 nt 1nt

1mé 16me
T.G.E agar

RN @L@——L@ﬂ'mﬁ'

Sample Shak Incubate
e vigorousy 10° 10° 18~24hr
or 1 min PO« Buffer 37T

9 mt

Fig. 8. Cultivation procedure of plain plate culture.
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% (owf), QEFE 2ml/g oltllxe wjgdA7}
Faerdd FFE vxA Z3}7] diolgn A
EAR= S

4.2 AFAdr|Ae Tt HPHe sTot
TA(Halo Test, Shake flask Test, Bioa-
ssay Test)oll O|X|= &gt

Fig. 10~120] AZdly)xel szl ujgA|e]
FE A miAe 9%E eI 2d
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Bug Aol Brhe Ae & 4 Utk o] Wl
Fig. 991X HEZ K/S &, & S5 x9 3ol
Hlsle oz Hol ARl MAd e o

AEZOA Ak ARl T F4L AAFI

15

12 1

K/S

T v T o T

Concentration (ml/g)

Fig. 9. Relationship between concentration
of Sappan wood concentrate and K/S
values of Al pre-mordanted silk fab-
rics dyed with Sappan wood concent-
rate .

B ; non-mordanted silk

@ : mordanted silk(1%, o.w.f)
A ; mordanted silk(5%, o.w.f)
¥ : mordanted silk(10%, o.w.D)

4.3 A9l S=ot o olxls I

Fig. 13& &%y A s=71 Aol
HXe 43¢E AEG diolrh ¢Frjgw Add
HAHAL wjgAe wxrt F7Hel ulel AR
gadel wolr oy ngaHe wdA Tt
Z7}sto) wiel Halo Value, Shake flask Value ¥
Bioassay ValueZ} A9 W37} gleng ¢Fnw
fd A7t e GAlo] A HFE wAA Y=
Ro 2 Atg®th
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Fig. 10. Relationship between concentration

of Sappan wood concentrate and
Halo values of Al pre-mordanted
silk fabrics dyed with Sappan wood
concentrate :

B : non-mordanted silk

@ : mordanted silk(1%, o.w.f)

A | mordanted silk(5%, o.w.f)

V¥ . mordanted silk(10%, o.w.f)

Table 5. Deodorization ratios of raw silk

fabric
Deodorization
Blank(ppm)

ppm %
30 min 530 131 75.3
60 min 525 109 79.2
90 min 483 83 82.8
120 min 456 70 84.6
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Fig. 11. Relationship between concentration
of Sappan wood concentrate and
Shake flask values of Al pre-morda-
nted silk fabrics dyed with Sappan
wood concentrate :
B : non-mordanted silk
@ : mordanted silk(1%, o.w.f)
A : mordanted silk(5%, o.w.f)
V¥ . mordanted silk(10%, o.w.f)
Table 6. Deodorization ratios of silk fabric
dyed with Sappan wood concent-
rate
Deodorization
Blank(ppm)
ppm %
30 min 530 88 834
60 min 525 66 874
90 min 483 34 93.0
120 min 456 28 93.9
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Fig. 12. Relationship between concentration Fig. 13. Relationship between concentration

of Sappan wood concentrate and
Bioassay values of Al pre-mordanted
silk fabrics dyed with Sappan wood
concentrate :

B : non-mordanted silk

@ ; mordanted silk(1%, o.w.f)

A : mordanted silk(5%, o.w.f)

¥ : mordanted silk(10%, o.w.f)

u=ojs Mok o

Table 5~7& Table 3% Table 48] oz
A3 ugaAe 23HE A 2HE ¢
2ulg Mojd g7 2388 247 Jeluilch
oG A L 3084 43 Eo] 753% o1 A% A
AL 308X 42380l 834%, ¢Frlw A4
GuAL 3080M 918% Y ¥ ~F&S UE
Witk & ¢Fu)y Avid gz 30849
Az go]l dMZAY 4A3He 08 I £FHE
vls=3t Azg dATh

=

=

of Al-mordant and Halo, Shake fa-
Isk, Bioassay values of raw-silk fab-
ric -

B ; Halo value

@ : Bioassay value

A ; Shake flask value

Table 7. Deodorization ratios of Al pre-mor-
danted silk fabric dyed with Sap-
pan wood concentrate

Deodorization

Blank(ppm)
%
30 min 530 44 918
60 min 525 29 94.5
90 min 483 13 974
120 min 456 0 100

4.5 Oidx|el s=of WE &r4(Halo Test,
Shake flask Test, Bioassay Test)

Table 8~10-2 Table 334 4 w2} 32| § Halo,
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Table 8. Reduction property of bacteria by Halo Test in various mordants

olget- o8] - 12l

8 - e

W-2

T D W-1 W
28 28

Non-mordanted 0 0 0
28 28
30 28

Al mordanted 2 2 2
30 28
30 28

Fe mordanted 2 2 2
30 28
30 26

Cu mordanted 4 4 4
30 26
30 26

Cr mordanted 4 4 4
30 26
30 26

Sn mordanted 4 4 4
30 26

Table 9. Reduction ratio of bacteria by Shake flask Test in various mordants
1-Hour Reduction
0-1
0-Time Shake 1-Hour 0-Time rate
Time

Mordanted Time (%)
240 200 132

- 138 236 41.5
232 198 144
240 200 40

Al 36 236 84.8
232 198 32
240 200 42

Fe 39 236 835
232 198 36
240 200 20

Cu 30 236 91.5
232 198 20

240 200 20 .

Cr 21 236 91.1
232 198 22
240 200 38

Sn 39 236 835
232 198 40
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Table 10. Reduction ratios of bacteria by Bioassay Test in various mordants
Contact Contact
. . Constant X )
time time . Reduction
. contact time .
Sample 0-Time 0-1 Time ratio
” ¢ 1-hour (%)
no. o no. o b
. ] shake time A B
bacteria bacteria
Non- 156 160 36
47 160 70.6
mordanted 155 167 38
Al 154 160 34
31 160 80.6
mordanted 157 167 28
Fe 154 160 34
31 159 80.5
mordanted 155 167 28
Cu 148 160 30
22 156 85.9
mordanted 150 167 15
Cr 155 160 18
22 159 86.2
mordanted 154 167 26
Sn 155 160 18
22 159 86.2
mordanted 154 167 26
Shake flask ¥ Bioassay Test2| 23E 27} vebd 3. mgAHe d2uFE Az Hsde o

Holch, YAARTH: WIHY Gyl we F
Hage Bolx, AN AZANE 28T Tl
iR eizo] Ee FuAes ERILE of

agH Fele NGA A7} 7
&97} 7] Hgeleta Abrgc

Ale

AL

< A=

[ =1

W
!

AH o A3 Fajsta, BFAHFTANE Ao FFS
7M7) e Z‘ﬂ‘?“i*—]s?_ 5:%01] A 23 985E
ol7)Astate) GAF AAEY] dirwet widA
o] ¥xo| WE AT TS 44t Detection
column method®} Halo Test, Shake flask Test
2 Bjoassay Test® 433 A725E g3 22
AES Itk

1 sgAle sxe dr|ze Frert Fvhshd
K/S @& Z7hh dEFEE 4mlge 2 IS

£ 10% gAY 247t 5% wiEAe BBt
2358 K/S e Ha3ch

2. K/S gkl 37hetd 371855 w& dis
&8 YEhAUTH

sus gAgel 2o 242 s ojme
an% JeEpgx et

4 Sy Ads JaAHgo AR )
He) mgs ANED fAA vHe] JAANE
woh 2540l @AA AU

5. Cu Cr A2 A4S JAAHZo| tha
WA R Helg AN $5T FFHL
wamgq

ol 223 HAYBRE $58 FHA

2 iﬁ*&!% JER L das s vaste $4%
gEAe UeniEz A2 AAel e Y
HEzol A B8] ArBo] Fo| FAE AAGE
a7} o Algdd
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