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Figure 1. Cinnamon
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Figure 2. Chemical structures of main components from Cinnamon
(cinnamic aldehyde: left/ cinnamic acid: right)
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Figure 6. Chemical structure of main components from Gallnut
(penta-m-digalloyl-p-glucose: left/ gallic acid: right)
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2010) 914 U v, obdok?, oulxt, AT AL AHgstol
2ae JEUT A9 9 (39 & 017, 2013) & 2,

oM, FHAA, BT, A B 59 AnE Agork

oY A=EIAL HE Fol AFEEHE AAA dAd
st Az AREAM gston AFArr Htow A& ujszsh
Mg E w7k dAe sk T WHe i AREsta o
T AN HAGA Zel st dAEAAR FaAd 9 Vs
A A tketAl SAEA o o]l E FHete] AAACRE vl
A AT g vt gl

whebA B Ao M= sk gt ofye EEA e 4
Hyoln f&akA ARgEHE 294 dd dA T 8=V =1
Aol vt LHRA AY (Cinnamomum  cassia), 2B UH-
Al (Alnus japonica), SWNAF(Gallnut; Rhus javanica L.) 183
4 (Cloves)= AdAsto] 1 @A Aol st vlu &4 A&

At o5 Y8 4o e FHE 1.29 TEE A,
M A7k} Lo WEE Fo] JAS AAE T
AT Ugo=zE,

1LAS), cou® du, ewd auu ¥ FEEY 49 3=

2. FRFEE ARt Ul 7 9AY] s E SdsiiaL, Ak

@ o}M ek Catechu (/'katifu:/ or /'ketitfu : /) is an extract of Acacia used
variously as a food additive, astringent, tannin, and dye. It is extracted from
several species of Acacia, but especially Acacia catechu, by boiling the wood
in water and evaporating the resulting brew. It is also known as cutch, black
cutch, cachou, cashoo, khoyer, terra Japonica, or Japan earth, and also katha
in Hindi, kaath in Marathi, khoyer in Assamese and Bengali, and kachu in
Malay. http://en.wikipedia.org/wiki/Catechu(google)
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ko WstE Fo oM F AA 9N == A4 siTh
3. G T A5 dFF
K/S value$} CIE Lab color index® 28} T}
4. KS K 0520: 2009 wk& 17 5%= 3 KS K ISO 105 B02: 2010¢]
e AFAFEE S5kl 94 F AR =4 ¥EE vluwstilth
5. Staphylococcus aureus(ATCC 6538) ¢} Klebsiella
pneumonia(ATCC  4352) F e ot FIaddsS FAsh
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1.1. A=

2 AT AMESE ARE AlE AFER, ARY EAS U
Table 13} #t}.
Table 1 Characteristics of fabric
Fabric
Fiber Weave Fabric count .
weight
Silk 100% Plain 154 X 104/inch? 45+2 g/m?
Thickness Yarn count L* a* b*
54D X 54D
0.15mm 90.79 0.16 492
(Warp, Weft)
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2. 4¢

2.1. A2 d#

Marseilles Soap &% 0.3%(o.w.f), <H] 1:50, 60TCelA

6023t d o & SRFE oAH WM FAsta Al Hdxshe]

& Faste] 2 A 8 HA FEASE AAEI
gk on] AFs HA stk A7 A 2.5g0 F
Y2 ¥ 40,60,80,100C2 25 A5t 60w F&3 & 2H79]
EAEE SASUY. 1 A3 Figure9—12914 HE A3 3o
100CelA 603T FE5 AN FFE7F 7B =3t

= AgelM= A 300gel S 3= 100TIAM 6021t
3N FET F £ Sdg AR FF A A FE T

AA] FE FFE dato] 20~30%9 Aol 2HH

Cinnamon

w kB 0 o

Absorbance
%]

o »

400 450 500 550 600 650 700
Wavelengh(nm)
_____ 40°C e BOPC — — 80°C

100°C
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Figure 9. The optimum extract condition of Cinnamon

Alnus Japonica
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Figure 10. The optimum extract condition of Alnus japonica

Gallnut
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Figure 11. The optimum extract condition of Gallnut

Cloves
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Figure 12. The optimum extract condition of Cloves
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Table 2] 7 Wj&o] Wept Qo

Calibration Curves

2 —e—Alnus Japonica —&—Clove —e—Gallnut —8—Cinnamon

<Absorbance>
-

<ppm:=

Figure 13. Calibration Curves

Table 2 Calibration Curves

Calibration curves R2
Cinnamon y = 0.0016x + 0.0537 0.9995
Alnus japonica y = 0.0334x - 0.0366 0.9996
Gallnut y = 0.0115x + 0.0207 0.9998
Cloves y = 0.0139x + 0.0335 0.9996

2.5. 9

AAA A dAD Av, ey A, @uiA g A
FEES o8 AAEY 94N 54N AAx=dS HAs] Sl
& %(60,80,100C), A17+(30,60,90min)= W3}
Al71m IR @A 7] (Dealim Starlet Engineering, Model DL-600)%
Abgste]l s AAEAT A RS 20T A2oA A Feko

203+ 60,80,100C9 2&E% s oem 1 %, 30,60,90%3F
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3.1. FT—IR &4

|=] |=] [e)
E EAe

e

F Astel v A4 A FEE
< FT-IR

FEES A0z AN

Fourier transform infrared spectroscope, Nicolet 6700,
USA) 48 H33H3lt.

~~

MZ2 UV-Vis Spectrometer (UV—-2600 SHIMADZU,
Abgsle]l HUE5a 4 (400nm) oA EFEE S8l
ARES 79

FATHED 5, 1998).

Uptake (%) =(Ap—A1)/Ao X 100

Ao B G FFE
A 98F9) gag FR=

3.3. CIE L*a*b* 574

FHME Spectrophotometer (Minolta, CM—2600d, Japan) =
AFE3sle]  Munsell®] ZAA ®AZHoR A9 AR (H),
BEW), A=OEF Ttk =% CIE Lab Axkel 9ste] L*, a*,
b*#ks F8kalth. 54 2712 D65 F 4, Observer: 10° , UV 100%%
e A A AE S F

Eay
Gl

o,

A ks AT,

w
o
g
12
oX
e
o
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k2 Spectrophotometer (Minolta, CM—2600d, Japan) &
ARgEtel KS K ISO 105-A05° wet 433tk 400~700nm

Holo|A T HIAMES =743 & Kubelka—Munk2 ol o] o2 A3}

o3
=

Y

¥ AAE K/SHe AAsT. 42 ARE 2% FHol F 449

el ARsgor, F 388 298 ¥ FEUS AHgstarh

K/S = (1-R)?%/2R

K: 7t 9l W Ao Seagelde 53 As
R:7H 915 9 Av) S5 Adol el WAl
St 7t A= W Ay F5opgeldel st A

9 F A EE= KSKISO 105 B02: 2010, XENON—ARC-LAMP,
BLUE SCALEe°] w&} &4 3s}it).

3.6. AIFAG=
A AAGdAARE G ARES AEWIE B4
gsle] KS K 0520: 2009° 293 @By wel FA7 = WA=

s Ul A AA M2 GAe] mE ZE WEE dohnr)
date] g4 A3 ¥ ARALEE SAsgow, 727 e w9
BAE FAste] 33 W ZRstel FRgow el
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AT, vy g, ezt agla A FEEE G4
Adze] s dotry] fsted KS K 0693 <@t
Staphylococcus aureus(ATCC 6538) 2} Klebsiella pneumonia(ATCC
4352) 9 7 ot dist A AFS AA stk Aol o3k
THEE (%) BaEEA FadA7E HA 94 tdxHe A5
18A]%ko] Ak F-9] At A AdH] 184%F 9] A9
A

Bacteriostatic ratio (%) = (Mp,—M.) /M. X100

My = the number of bacteria recovered from the inoculated control specimen

incubated for 18hours

M. = the number of bacteria recovered from the inoculated treated test specimen

incubated for 18hours

m 2% 9 13

1 33489 By 72

Figure 14—172 Al¥, 8y Qul, o8z, J3F F=
A fEx2 Ay ®B7] 93 FT-IR A¥EHS Yebd Ao},
7HA A BEF 10108 SuleA FEE 100T, FEAIF 6070 ®

FE3 & oysle] 2AAX A F A ALgEAT

)
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Figure 14 A9 FE82 AFEfOR 3302am ' 22 —
OH, 1604cn™' %9 C=C, 1029m ' %9 C-0 AFHES
Kol

Figure 15%& 22uvf 4w =& X~

B2 —-OH, 1715em ! 29 C=0, 1607cm !

HAlE”ox 3253cm !
29 C=C, 1037cm !
a=

A F=E

Figure 16& Quja}t F&E29 AdE” o7 3315 ! 29 -
OH, 1702em™" 2] C=0, 1607cn™ " H2 C=C, 1313cm” 1!‘%—34
C—0-C antisymmetric, 1023cmn™! 22 C-0 Al&z%S HOFT
o= eux} F=EFEo| gallic acid =, penta—m—digalloyl— 28—
glucose©] 55 HAFT)

Figure 17 A% FFE9 AHERHORE 3273m ' 9 -
OH, 1606cm™' % C
deformation, 1203em ! %3¢ phenol, 1033em™ ! ¥° C-0
AHFAES BT o] JF FE=° eugenolo] a5 HoF

13 f19] A3%E F3 vl VM FEE

AETxrt vds 4 4 9lal ol polyphenoldEeA HlRH
Aow  FHHY. ey A, ewjR, Aol hEEAd
gt (hydrolysable tannins)= 7FA|™ (Variyar, 1998; A1'd43] et al,
2005; HAH & v, 1998) FAE A ERS Yehla, Av=
=338 ¥ (condensed tannins) = 7}FA 1 21t} (Shan et al., 2007).

Table 3ol dl 7FA |Ae Al vehd lew, Ay =
cinnamic aldehyde”} 60%°]%, <3y 4w diarylheptanoid,

o

=C, 1349cn™' ¥  antisymmetric

ry
1o

pyrogallol tannin, 2¥JAF= Penta—m—digalloyl— B —glucose, 3

eugenols T+ AEFE o= 71X 11 Ut}



Table 3 Components of four kinds of natural dyes.

Components

cinnamic aldehyde, eugenol, cinamic acid, tannin(condensed),

Cinnamon | cinnamyl acetate, cinnzeylanine, cinnzylanol, cinncassiol A-D,,
cinncassiol E, anhydrocinnzeylanine, anhydrocinnzeylanol
Alnus Diarylheptanoid  (triterpenoids &  flavonoids) - 1,7
) ) diphenylheptaneframe, Zingiberaceae & Betulaceae plants
Japenica pyrogallol tannin
Gallnut Penta-m-digalloyl-B-glucose, gallic acid
eugenol, sesquiterpenes, caryophyllene, hydrolysable tannins-
Cloves gallic acid, gum, alpha-humulene, alpha-terpinyl acetate, eugenyl,

methyl eugenol, actyl eugenol, naphthalene, chavicol, heptanone,

methyl salicylate pinene, vanillian
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Figure 14. FT-IR spectra of Cinnamon extracts (extracted at 100C for 60min)
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Figure 15. FT-IR spectra of Alnus japonica extracts (extracted at 100C for
60min)
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Figure 16. FT-IR spectra of Gallnut extracts (extracted at 100C for 60min)
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Figure 17. FT-IR spectra of Cloves extracts (extracted at 100C for 60min)
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2. F2EY & HWE IF

A, v A, euiat, A A7kl A 300ge] 3L

ZR54Z do] FZLE 100T4 60%7 3¥ WBse] FEd ¥

Aol AR sl Ml A FEEY §EE

9 FW 5oz Qo] FEH U A Fel g o2
At 7 gee] HEE wms) 1wl Askel vl b A B
9 fo) FRFE Al BE 9

Table 4 Comparison of four kinds of extracts concentration

Initial Extracted Absorbance | Adjusted | Absorbance
amounts amounts (50ppm) amounts (50ppm)
Cinnamon | 300g | 9000ml | 607g | 6960ml 03 7660ml 0.1
Alnus
, , 300g | 9000ml | 1150g | 5300ml 2.6 7660ml 14
_Japonica
Gallnut 300g | 9000ml | 710g | 5760ml 0.6 7660ml 0.4
Cloves 300g | 9000ml | 830g | 6830ml 2.0 7660ml 0.7
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Figure 18. Effect of absorbance on K/S Values of silk fabrics (Treatment
condition: liquor ratio 1:200, temp 100°C, time 90min)

Table 5 Uptake of four kinds of natural dyes on silk fabrics (Treatment
condition: liquor ratio 1:200, temp 100C, time 90min, Abs 0.6&1.2&2.4)

Initial Absorbance of after
) Uptake (%)
absorbance(400nm) dyeing(400nm)
0.6 0.45 25
Cinnamon 1.2 0.84 30
24 191 20
0.6 0.48 20
Alnus
) ) 1.2 0.92 23
aponica
s 24 1.79 25
0.6 041 32
Gallnut 1.2 0.60 50
24 162 33
0.6 042 30
Cloves 1.2 0.84 30
24 161 33
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A9, edus dn, ewd T 4F FEEC F
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3.1. A9
3.1.1. CIE L*a*b*

A FEFEF GO AEE 94 B we AAHoR
YR(7.7~9.0) AL& eSS reddishd light brown o=
LHERRLTE

axgtd bxgke] A BT +9Y9e] fAIste] red—yellow ]
AN YeElgglon dAFor QM Trl Folxal  FAA|Zto)
AAA 45 w2 38 el 43S BT Table 6, Figure 19-20,
Appendix—Table 1o W=2W Av] FE2=2 AT A5 AT
X7 SR axgtol  AA F7Fete]l  reddishd YRAALO]
el G2 100TolA 60, 90 94 A o FHET =2
e e bt BE A Sttt A% 100 ol A
9087+ AA A] 29.12014 28.95% th4 Yolsit

Vate A At 2xvb SobERel weh 2ad fhastod]
BEE selgom, C#tel Ae A 2&7F SURShel wet
718t Am7E ol FAME 100TAA 903 A Al 5.2%

7P =2 we WERSIT
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Table 6 Effect of dyeing time and temperature on Munsell of silk fabric dyed
with Cinnamon (Treatment condition: liquor ratio 1:200, temp. 60, 80,100C,
time 30, 60, 90min)

Dyeing Temp 60°C 80°C 100°C
Condition Time | 30m | 60m | 90m | 30m | 60m | 90m | 30m | 60m | 90m
8.9 9.0 9.0 8.5 8.5 8.5 8.2 7.8 7.7
Munsell Flue YR YR YR YR YR YR YR YR YR
(D65) 7.2 6.8 7 6.9 6.7 6.6 6.5 57 5.6
C 41 4.2 4.5 4.3 4.6 4.8 4.6 5.2 5.2
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30

60min
29
90min
28
90min
E
o 27 90min
60min
26 Omin
25 60min  30min
2 30min
0 2 4 6 8 10 12 14

*

Ci60°C —®» Cig0o°C —&»(Cj100°C

Figure 19. a*, b* diagram of silk fabric dyed with Cinnamon (Treatment
condition: liquor ratio 1:200, temp. 60, 80,100°C, time 30, 60, 90min)
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Figure 20. Lightness of silk fabric dyed with Cinnamon (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min)
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K/S Value(400nm)
[ ) (W] =y

—

control
’ 0 30 60 90
Time(min)
=i 100°C 0.04 2.75 5.35 5.80
ci 80°C 0.04 1.89 237 273
=i 60°C 0.04 157 2.15 2.04

Figure 21. Effect of dyeing time on K/S values of silk fabrics dyed with
Cinnamon (Treatment condition: liquor ratio 1:200, temp. 60, 80,100, time
30, 60, 90min, 1.2Abs)
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Table 7 Uptake of silk fabrics dyed with Cinnamon (Treatment condition: liquor
ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)

Treatment 60°C 80°C 100°C
condition 30m 60m 90m 30m 60m 90m 30m | 60m | 90m
Uptake (%) | 23.80 | 26.52 | 27.61 | 18.25 | 22.38 | 21.99 | 325 | 316 | 300
1.2
0.98
1.0 0.91 088 087 093 094
081 082 084
= 0.8
c
S 06
g °
g
S 04
2
o
2 02
<
0.0

30m 60m 90m

60°C

30m 60m 90m

80°C

30m 60m 90m

100°C

Figure 22. Absorbance of after dyeing with Cinnamon (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)
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Table 8 Effect of dyeing time and temperature on Munsell of silk fabric dyed
with Alnus japonica (Treatment condition: liquor ratio 1:200, temp. 60,
80,100C, time 30, 60, 90min)

Dyeing Temp 60°C 80°C 100°C
Condition | Time 30m 60m 90m 30m 60m 90m 30m 60m 90m
Hue 1.4Y 1.3Y 1.2Y 1.0Y 0.9y 0.8Y 0.7Y 0.5Y 0.4Y
Munsell
V 7.2 7 7 6.7 6.6 6.5 6.3 6 5.8
(D65)
C 3.2 3.3 34 3.3 3.5 3.5 34 3.6 3.5
22.8
226 90min .
90min 60min
224 60min
222 60min 90min
22.0
o Omin
218
30min
216
214
212 30min
21.0
0 1 2 3 4 5 [ 7
a*
Al 60°C Al 80°C —&» A| 100°C

Figure 23. a*, b* diagram of silk fabric dyed with Alnus japonica (Treatment
condition: liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min)
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Figure 24. Lightness of silk fabric dyed with Alnus japonica (Treatment
condition: liquor ratio 1:200, temp. 60, 80,100°C, time 30, 60, 90min)
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Figure 25. Effect of dyeing time on K/S values of silk fabrics dyed with Alnus
japonica (Treatment condition: liquor ratio 1:200, temp. 60, 80,100C, time 30,
60, 90min, 1.2Abs)
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Table 9 Uptake of silk fabrics dyed with Alnus japonica (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100, time 30, 60, 90min, 1.2Abs)

Treatment 60°C 80°C 100°C
condition 30m 60m 90m 30m 60m 90m 30m 60m 90m
Uptake (%) | 21.19 | 23.31 | 2640 | 23.53 | 25.71 | 2744 | 20.13 | 20.68 | 23.69
14
1.2
L 095 082 44 092 089 g 096 095 4o
£
S 08
o
=
T 06
[
T
2 04
2
2 02
0.0

30m 60m 90m

60°C

30m 60m 90m

80°C

30m 60m

100°C

90m

Figure 26. Absorbance of after dyeing with Alnus japonica (Treatment
condition: liquor ratio 1:200, temp. 60, 80,100°C, time 30, 60, 90min, 1.2Abs)

51



3.3. At

3.3.1. CIE L*a*b*

A= dErl o™ A A4 A A FobAl AL A Aol Aol
5 E2 e el AES 2Rk A4 =8 Alzto] FUhsth
w2t reddish®t yellowish7F f-AFSHAl 5718kl on il WsleFS 22
YERR T

VRS @A ARk &7} F7e) wheh 2 gradte] ¥R
7} sterglon, Cghel B¢ AMARE L= Sk kel F7)sle]
AE7) wobHar WMake] £ 2.3-28% 2 ekt
L=gto] A5 9 Azt 2%7F S7hghel wep dAgo s 1t
ow galew 60T 3083
AA A 7P E=2 80.085 WEFSI L A% 100TeA 90#7t 9

59 -':r-\.ﬁ-! _kl.':_ -|_- ] -



Table 10 Effect of dyeing time and temperature on Munsell of silk fabric dyed
with Gallnut (Treatment condition: liquor ratio 1:200, temp. 60, 80,100TC, time
30, 60, 90min)

Dyeing Temp 60°C 80°C 100°C

Condition | Time 30m 60m 90m 30m 60m 90m 30m 60m 90m

Hue 1.5Y 1.5Y 14y 1.2y 11y 1.0y 0.8Y 0.7Y 0.3Y

Munsell
V 79 7.8 77 7.6 7.5 7.4 7.3 7.1 6.8
(D65)
C 23 24 24 25 25 2.6 2.6 2.7 2.8
25
60min
i 90min
20 e min
i min
60mingomm 90min
15 30min 30min
)
10
5
0
0 1 2 3 4 5
a*
Ga 60°C Ga 80°C —&F» Ga 100°C

Figure 27. a*, b* diagram of silk fabric dyed with Gallnut (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min)
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Figure 28. Lightness of silk fabric dyed with Gallnut (Treatment condition:

liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min)
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0 30 60 90 Time(min)
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K/S Value(400nm)
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—®—ga 60°C 0.04 0.84 0.97 101

Figure 29. Effect of dyeing time and temperature on K/S values of silk fabrics
dyed with Gallnut (Treatment condition: liquor ratio 1:200, temp. 60, 80,100C,
time 30, 60, 90min, 1.2Abs)
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Table 11 Uptake of silk fabrics dyed with Gallnut (Treatment condition: liquor

ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)

Treatment 60°C 80°C 100°C
condition 30m 60m 90m 30m 60m 90m 30m 60m 90m
Uptake (%) | 30.03 | 3441 | 3842 | 4878 | 5091 | 52.39 | 48.12 | 49.12 | 49.93
14
1.2
S " S
e 08 ’ 0.74
- .
= 061 059 g357 062 061 060
I 06
g
5 04
2
2 02
0
<
0.0
30m 60m 90m 30m 60m 90m 30m 60m 90m
60°C 80°C 100°C

Figure 30. Absorbance of after dyeing with Gallnut (Treatment condition: liquor
ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)
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Table 12 Effect of dyeing time and temperature on Munsell of silk fabric dyed
with Cloves (Treatment condition: liquor ratio 1:200, temp. 60, 80,100C, time
30, 60, 90min)

Dyeing Temp 60°C 80°C 100°C

Condition | Time 30m 60m 90m 30m 60m 90m 30m 60m 90m

Hue 14y 1.2y 1.2y 1.0y 0.8Y 0.8Y 0.6Y 0.5Y 0.5Y

Munsell
\Y 7.2 7 6.9 6.8 6.6 6.6 6.3 6.1 6.1
(D65)
C 3.2 3.3 34 34 3.5 3.5 3.6 3.6 3.6
23.0 30min 90min
90min
228 60min
226 90min
60min
224
o)
22.2 60min 30min
22.0
218 30min
216
0 1 2 3 4 5 [
a*
Clo 60°C Clo 80°C —#» Clo 100°C

Figure 31. a*, b* diagram of silk fabric dyed with Cloves (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min)
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55
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Figure 32. Lightness of silk fabric dyed with Cloves (Treatment condition:

liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min)
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Figure 33. Effect of dyeing time on K/S values of silk fabrics dyed with Cloves
(Treatment condition: liquor ratio 1:200, temp. 60, 80,100 C, time 30, 60, 90min,
1.2Abs)
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Table 13 Uptake of silk fabrics dyed with Cloves (Treatment condition: liquor
ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)

Treatment 60°C 80°C 100°C
condition 30m 60m 90m 30m 60m 90m 30m 60m 90m
Uptake (%) | 3191 | 32.87 | 3449 | 33.13 | 3431 | 3645 | 23.63 | 27.68 | 29.88

14

12

10

0.

[e:]

0.

(s3]

0.

'S

0.

Absorbance(400nm)
(3]

0.

(=]

082 081 079

30m 60m 90m 30m 60m 90m

60°C

080 079 (76

80°C

087 (g4

0.92

30m 60m 90m

100°C

Figure 34. Absorbance of after dyeing with Cloves (Treatment condition: liquor
ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)
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Ci 90m//60°C Ci 50m/80°C )
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25 €1 60m/60°C €l 60m/100°C . Ci 30m/100°C
€1 30m/60°C )
/ o W °% C190m/100°C Ci 60m/60°C - Ci 20m/80°C
Al 30m/60°C s @
20 Ga 90m/80°C \ Al 50m/100°C
Ga 30m/80°C0 Al 60m/60°C
s ° Al 50m100°C
Ga 60m/50°C so®o A1 30m/100°C
15 Ga 30m/60°C Ga 60m/100°C Al90m/B0°C
Al 60m/80°C
Ga 90m/607C Ga 90m/100°C /
10 Ga 60m/80°C Al 30m/B0°C
Ga 30m/100°C
5
& Control
0
0 2 4 6 8 10 12 14
at

Figure 35. a*, b* diagram of silk fabric dyed with Cinnamon(Ci), Alnus
japonica(Al), Gallnut(Ga), Cloves(Cl)

(Treatment condition: liquor ratio 1:200, temp. 60, 80,100, time 30, 60, 90min,
Abs 1.2)
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Gallnut mCloves M Alnus Japonica M Cinnamon

Figure 36. Lightness of silk fabric dyed with Cinnamon, A/nus japonica, Gallnut,
Cloves (Treatment condition: liquor ratio 1:200, temp. 60, 80,100C, time 30,

60, 90min)

Table 14 Lightness of silk fabric dyed with Cinnamon, A/nus japonica, Gallnut,
Cloves (Treatment condition: liquor ratio 1:200, temp. 60, 80,100C, time 30,

60, 90min)
60°C 80°C 100°C
30m 60m | 90m 30m 60m 90m 30m 60m 90m
Alnus
) ) 7277 | 71.35 | 7049 | 67.75 | 66.61 | 65.94 | 63.93 | 60.76 | 59.17
japonica
Cinnamon | 72.96 | 6843 | 70.50 | 70.32 | 67.85 | 66.46 | 65.86 | 57.32 | 56.58
Cloves 7287 | 7099 | 70.21 | 68.63 | 67.26 | 66.58 | 64.33 | 62.34 | 62.35
Gallnut 80.08 | 7852 | 7798 | 76.70 | 75.93 | 75.19 | 74.03 | 72.33 | 69.02
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Figure 37. Effect of dyeing time and temperature on K/S values of silk fabrics
dyed with Cinnamon, Alnus japonica, Gallnut, Cloves (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)

Table 15 Effect of dyeing time and temperature on K/S values of silk fabrics
dyed with Cinnamon, Alnus japonica, Gallnut, Cloves (Treatment condition:
liquor ratio 1:200, temp. 60, 80,100C, time 30, 60, 90min, 1.2Abs)

60°C 80°C 90m
30m 60m 90m 30m 60m 90m 30m 60m 90m
Ci 157 2.15 2.04 1.89 2.37 273 2.04 273 5.80
Al 223 278 349 2.50 3.07 4.23 2.69 3.29 4.70
Ga 0.84 1.07 1.27 0.97 114 147 1.01 1.24 1.87
cl 293 3.36 461 3.28 3.65 5.06 348 3.83 5.05

* Cinnamon: Ci, Alnus japonica: Al, Gallnut: Ga, Cloves: Cl
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Table 16 Uptake of four kinds of natural dyes on silk fabrics
(Treatment condition: liquor ratio 1:200, temp 60, 80, 100C, time 30, 60, 90min,
Abs 1.2)

60°C 80°C 100°C
30m 60m 90m 30m 60m 90m 30m 60m 90m

Cinnamon 23.80 | 26.52 | 27.61 | 18.25 | 2238 | 21.99 | 32.50 | 31.66 | 30.00

Alnus
21.19 | 23.31 | 2640 | 23.53 | 25.71 | 27.44 | 20.13 | 20.68 | 23.69

japonica
Gallnut 30.03 | 3441 | 3842 | 48.78 | 50.91 | 52.39 | 4812 | 49.12 | 49.93
Cloves 3191 | 32.87 | 3449 | 33.13 | 3431 | 3645 | 23.63 | 27.68 | 29.88

Cinnamon

K/S Value & Absorbance
[e] - ra (V5] = w (3]

30m 60m 90m 30m 60m  90m 30m 60m  90m

60°C 80°C 100°C
= AD 091 088 087 098 093 094 081 082 084
& K/S Value 157 215 204 189 237 273 275 535 580

Figure 38. Comparison for absorbance of after dyeing and K/S value on silk
fabrics with Cinnamon (Treatment condition: liquor ratio 1:200, temp 60, 80,
1007, time 30, 60, 90min, Abs 1.2)
* AD: Absorbance of after dyeing
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Alnus japonica
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30m 60m 90m 30m 60m 90m
60°C 80°C 100°C
= AD 095 092 0288 092 0.89 0.87 096 095 092

B K/S Value 223 250 269 278 3.07 329 349 423 470

Figure 39. . Comparison for absorbance of after dyeing and K/S value on silk
fabrics with Alnus japonica (Treatment condition: liquor ratio 1:200, temp 60,
80, 1007, time 30, 60, 90min, Abs 1.2)

* AD: Absorbance of after dyeing

6
Gallnut
5
o]
= 4
=
2 3
<L
I 5
Qv
>
™ b
= 1 .
s add ddd Al
= E % g g g 55:
30m 60m 90m 30m 60m 90m 30m 60m 90m
60°C 80°C 100°C
w AD 0.84 079 074 0.61 059 057 0.62 061 060

% K/S Value 084 097 101

Figure 40. Comparison for absorbance of after dyeing and K/S value on silk
fabrics with Gallnut (Treatment condition: liquor ratio 1:200, temp 60, 80,

107 114 124

127 147 187

1007, time 30, 60, 90min, Abs 1.2)
* AD: Absorbance of after dyeing
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Cloves

K/S Value & Absorbance
[¥5)

2 nt B 2
-
0 - g - :E: :; % = u :E: ;:;:
30m 60m 90m 60m 90m 30m 60m 90m
60°C 80°C 100°C
= AD 082 081 079 080 079 076 092 087 084
B K/S Value 293 3.28 348 3.36 365 383 461 5.06 505

Figure 41. Comparison for absorbance of after dyeing and K/S value on silk
fabrics with Cloves (Treatment condition: liquor ratio 1:200, temp 60, 80, 100C,
time 30, 60, 90min, Abs 1.2)

* AD: Absorbance of after dyeing
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Table 17 Tensile strength of four kinds of natural dyes on silk fabrics
(Treatment condition: liquor ratio 1:200, temp 60, 100T, time 90min, Abs 1.2)

" tensile
Natural Colorant Treatment condition K/S
strength(N)
90m/100°C 5.80 300
Cinnamon
90m/60°C 2.04 320
90m/100°C 470 320
Alnus japonica
90m/60°C 2.69 320
90m/100°C 1.87 320
Gallnut
90m/60°C 1.01 340
90m/100°C 5.05 320
Cloves
90m/60°C 348 330
Control 340
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Table 18 Light fastness of silk fabrics dyed with Cloves, Cinnamon, Gallnut,
Alnus japonica.

Natural Colorant Treatment condition K/S Light fastness
90m/100°C 5.80 2-3
Cinnamon
90m/60°C 2.04 3
90m/100°C 470 4
Alnus japonica
90m/60°C 2.69 3
90m/100°C 1.87 4
Gallnut
90m/60°C 1.01 3-4
90m/100°C 5.05 4
Cloves
90m/60°C 348 4

LIGHTNESS

#Initial L*(100°C) * L*(100°C) FInitial L*(60°C) T L*(60°C)

(o s B
[ox]
SgRF o384 - 22 s S5
a M~ 2o~ — 0 r~
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P i o o o -]
¥ o o B gL, = o B
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GALLNUT CLOVES CINNAMON ALNUS

Figure 42. Comparison of lightness (Initial & after light fastness test)
* Initial L*: Before light fastness test, L*: After light fastness test

: B B

& e



b*

35

25

15

wn

CIE a*, b*

e Ci 60°C/30m

C160°/S0m A.C1100°C/30m
A.CI60°C/90m ;
€l 100°C/90m A.Ci 60°C/50m °

[ ]
A.Ga 100°C/90m .

o ° Ci 100°C/90m
A.Ga 60°C,/90m A.Ci100°C/90m
A_AI'100°C/90m

» Al 60°C/90m
° A1 100°C/50m

Ga 100°C/90m
Ga 60°C/30m Al B0°C/90m

a*

Figure 43. Comparison of a* & b* (Initial & after light fastness test)

* Ci: Cinnamon, A.Ci: After light fastness test for Cinnamon

* Al: Alnus japonica, A.Al: After light fastness test for Alnus japonica
* (Ga: Gallnut, A.Ga: After light fastness test for Gallnut

* Cl: Cloves, A.Cl: After light fastness test for Cloves
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Table 19 Antimicrobial abilities of silk fabrics dyed with Cloves, Cinnamon,

Gallnut, A/nus japonica.

Natural

Treatment

Antimicrobial (%)

.. K/S Staphylococcus Klebsiella
Colorant condition .
aureus pneumonia
(ATCC 6538) (ATCC 4352)
90m/100C 5.05 99.9 99.9
Cloves
90m/60TC 3.48 99.9 99.9
90m/100C 5.80 99.2 99.9
Cinnamon
90m/60°C 2.04 99.9 99.9
90m/100TC 1.87 99.9 99.9
Gallnut
90m/60TC 1.01 99.9 99.9
90m/100TC 4.70 99.9 99.9
Alnus
Japonica | 90m/60°C 2.69 99.9 99.9
b ’ I;
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Abstract
Dyeing properties and
Antibacterial activity of natural
brown dyes on silk

Yoon, Sung Hwa
Dept. Textiles, Merchandising and Fashion Design
The Graduate School

Seoul National University

Recently, natural dyes have been utilized to dye the fabrics
for the conservation of historical textile objects. Among these,
especially the excavated costumes, calligraphy and old maps are
subject to a discoloration and often undergo browning over time.
Thus natural brown dyes are used to make supplement textiles for
such artifacts. The most common kinds of natural brown dyes in use
are Alnus japonica, Gallnut (Rhus javanica L.), Cloves, and Cinnamon
(Cinnamomum cassia), etc. This study was designed as a
comparative study of these natural brown dyes, to examine their
color, dyeing properties, antibacterial activity and fastness.

The methods of experiments are as follows: The extractions of
Cinnamon, Alnus japonica, Gallnut and Clove were made with water
at 100 °C for 60min at a liquor ratio of 1:10. These four kinds of dye

extracts were adjusted to have their absorbance unit at 1.2 using
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UV—Vis Spectrometer (UV—-2600 SHIMADZU). The dyeing was
carried with IR dyeing machine (Dealim Starlet Engineering, Model
DL-600), 1:200 bath ratio at 60, 80 and 100 °C, for 30, 60 and 90
min, respectively. Dyed samples were analyzed by their K/S value
and L, a*, b* value using Spectrophotometer (CM—2600d, MINOLTA)
to evaluate the dyeing properties and the optimum dyeing conditions.
The antibacterial activity was tested by using Staphylococcus aureus
(ATCC 6538) and Klebsiella pneumonia (ATCC 4352). Also fastness
to light and tensile strength test were tested.

The results are as follows:

All materials showed its optimum extraction condition at 100 C,
60 minutes. In all four dye solutions, the higher the temperature and
longer the time, K/S values of silk fabrics appeared higher. The
optimum dyeing condition, in consideration of K/S value, damages to
fibers and dyeing efficiency, was set to 90 minutes for dyeing time
and 100C for dyeing temperature.

The color of samples were distributed in Y—YR color range. In
CIE Lab analysis, the higher the temperature and longer the time, the
lower L value, a*, b* value stayed in + dimension, which indicates
red—yellow shades. And V value was decreased while C value was
increased.

The reduction in tensile strength due to dyeing temperature,
values were in the range of 300—340N in KS K 0520: 2009 (Control:
340N).

Light fastness was resulted in 2™—-3" grade with Cinnamon

extracts, 3"9—4" grade with Alnus japonica extracts and Gallnut
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extracts, 4" grade with Cloves extracts (in KS K ISO 105 B02: 2010).

For their antimicrobial ability, the samples dyed with Cinnamon
extracts at 100C for 90 minutes for dyeing temperature and time
showed 99.2% of reduction rate to Gram—positive (S.aureus), and
Cinnamon extracts at 60, 100TC for 90 minutes 99.9% reduction rate
to Gram—negative (K. pneumonia). The samples dyed with Alnus
Japonica, Gallnut, Cloves extracts at 60, 100TC for 90 minutes and
Cinnamon extracts at 60C for 90 minutes for dyeing temperature
and time showed 99.9% of reduction rate to Gram-—positive
(S.aureus), and Alnus japonica, Gallnut, Cloves extracts at 60, 100TC
for 90 minutes 99.9% Gram—negative (K. pneumonia) .

In conclusion, in dyeing of silk fabrics, Cinnamon, A/nus japonica,
Gallnut and Clove extracts can produce red—yellow colors. At its
optimum dyeing condition, Cinnamon samples showed the highest K/S
value, Gallnut samples maintained the tensile strength best, and
Cloves samples were the best in fastness. In addition, all samples
showed superior antimicrobial ability, thus their application for

conservational use is appropriate and do not require many care.

Keywords: Cinnamon, Alnus japonica, Gallnut and Clove, dyeability,
antibacterial activity
Student Number: 2011—-23693
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Appendix—-Table 1 Effect of dyeing Time and Temperature on Colors of silk
fabric dyed with Cinnamon (Treatment condition: liquor ratio 1:200, temp. 60,
80,100C, time 30, 60, 90min)

Dyeing
. D65 Munsell (D65)
Condition
Temp | Time L* a* b* dE*ab Hue \ C

30m 72.96 831 2449 31.09 89 YR 7.2 41

60°C | 60m 68.43 8.58 24.66 3431 9.0 YR 6.8 4.2

90m 70.50 9.19 26.88 34.62 9.0 YR 7.0 45

30m 70.32 9.30 25.07 3345 85 YR 6.9 43

80°C | 60m 67.85 10.07 26.66 36.39 85 YR 6.7 4.6

90m 66.46 10.52 27.53 38.04 85 YR 6.6 4.8

30m 65.86 10.60 26.15 37.55 8.2 YR 6.5 4.6

100°C | 60m 57.32 13.01 29.12 46.27 7.8 YR 57 5.2

90m 56.58 13.14 28.95 46.76 7.7 YR 5.6 5.2

3§ 53 17
95 N = - TH



Appendix—-Table 2 Effect of dyeing Time and Temperature on Colors of silk
fabric dyed with Alnus japonica (Treatment condition: liquor ratio 1:200, temp.
60, 80,1007C, time 30, 60, 90min)

Dyeing

Condition D65 Munsell (D65)

Temp. | Time L* a* b* dE*ab Hue Vv C
30m | 7277 | 3.78 | 21.17 | 27.86 14y 7.2 3.2

60°C | 60m | 71.35 | 419 | 2215 | 29.58 1.3Y 7.0 33
90m | 7049 | 444 | 22.65 | 30.57 1.2y 7.0 34
30m | 67.75 | 464 | 2179 | 32.02 1.0Y 6.7 33

80°C | 60m | 66.61 | 4.96 | 2242 | 33.34 0.9y 6.6 3.5
90m | 6594 | 5.09 | 2243 | 33.89 0.8Y 6.5 3.5
30m | 6393 | 527 | 2191 | 35.16 0.7Y 6.3 34

100°C | 60m | 60.76 | 5.78 | 2246 | 3811 0.5Y 6.0 3.6
90m | 59.17 | 5.98 | 2215 | 39.29 0.4Y 5.8 35

3§ 53 17
96 N = - TH



Appendix—-Table 3 Effect of dyeing Time and Temperature on Colors of silk
fabric dyed with Gallnut (Treatment condition: liquor ratio 1:200, temp. 60,
80,100C, time 30, 60, 90min)

Dyeing
Condition D65 Munsell (D65)
Temp. | Time L* a* b* dE*ab Hue \% C
30m 80.08 | 2.08 16.15 | 19.11 1.5Y 7.9 23
60°C 60m 78.52 230 | 16.69 | 20.53 1.5Y 7.8 24
90m 7798 | 241 16.82 | 21.00 14y 7.7 24
30m 76.70 | 2.78 17.01 | 22.05 1.2y 7.6 25
80°C 60m 75.93 296 | 17.16 | 22.72 11y 7.5 25
90m 75.19 | 310 | 1745 | 2346 1.0Y 74 2.6
30m 74.03 334 | 17.13 | 24.13 0.8Y 7.3 2.6
100°C | 60m 72.33 3.75 1791 | 2597 0.7Y 7.1 2.7
90m 69.02 | 4.38 18.28 | 28.85 0.3Y 6.8 2.8

3§ 53 17
97 N = - TH



Appendix—-Table 4 Effect of dyeing Time and Temperature on Colors of silk
fabric dyed with Cloves (Treatment condition: liquor ratio 1:200, temp. 60,
80,100TC, time 30, 60, 90min)

Dyeing
Condition D65 Munsell (D65)
Temp. | Time L* a* b* dE*ab Hue \ C
30m | 7287 | 371 | 2179 | 28.23 14y 7.2 3.2
60°C 60m | 7099 | 411 | 2219 | 29.86 1.2y 7.0 33
90m | 70.21 | 4.35 | 22,59 30.71 1.2y 6.9 34
30m | 68.63 | 453 | 2225 31.66 1.0Y 6.8 34
80°C 60m | 67.26 | 491 | 22.53 3291 0.8Y 6.6 35
90m | 66.58 | 5.04 | 22.86 | 33.65 0.8Y 6.6 3.5
30m | 64.33 | 542 | 2291 3547 0.6Y 6.3 3.6
100°C | 60m | 62.34 | 5.64 | 22.87 37.05 0.5Y 6.1 3.6
90m | 62.35 | 563 | 2291 37.07 0.5Y 6.1 3.6

3§ 53 17
98 N = - TH



Appendix-Table 5 Sample of silk fabrics dyed with Cinnamon and Gallnut.
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Appendix—-Table 6 Samples of silk fabrics dyed with A/nus and Cloves.

Erjjgzzit Natural Colorant
Temp Time Alnus japonica Cloves
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80T 60m
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100C 60m
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Appendix-Figure 2. FT-IR spectra of Cinnamon, Alnus japonica, Gallnut and
Cloves extracts (extracted at 100C for 60min)
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