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Mixture Dyeing of Silk Fabrics with Gardenia and Xanthium Strumarium L.
to Improve the Functionality

Jung-Sook Bael), Won-Kwon Leez), and Man-Woo Huh”'

I)Dept. of ZFashion Design, Daegu University, Gyeongsan, Korea
'Dae Won M/C industry Co.; Daegu, Korea
3)Dept. of Nursing, Kyugil University, Gyeongsan, Korea

Abstract: This study had a purpose of further investigating and developing the usage of the eco-friendly functional dye
that has physiological and pharmacological functions. This study was implemented complex dyeing method which used
both natural dyes such as Gardenia jasminoides J.Ellis colorant, which are the yellow dyes that have high brightness and
low chroma, and Xanthium strumarium L. extract. The silk fabrics were used to dye in various methods. They were also
used to investigate functionalities dyed fabrics by various treating method, such as their color fastness, antibacterial activ-
ities and deodorization, the following were obtained. The fabrics that were dyed with herbs had decreasing brightness as
the herbs extract concentrations were increased and had subtly changing chroma. But, because their K/S values were
under 0.5, they were not properly dyed. Color fastness differed according to the natural dyes and herbs’ complex dyeing
order. The Color fastness was good when the fabrics were dyed with the colorant first, and then with the herb. When the
fabrics were dyed with mixture dyeing solution, the natural dye and the herb extract, the herb didn’t affect the dyeabilities
of fabrics as much. When the fabrics were dyed with the mixture of the colorant and the herb extract, the dyeabilities
didn’t have much changes. However, their color fastnesses were improved a little bit due to the complex dyeing condition.
When the fabrics were dyed with the mixture of the colorant and the herbs extract, their antibacterial activities and

deodorization were increased.
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FE2AE IR GAE S HER 225 Aoz A=
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Table 1. Characteristics of fabrics
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Fiber composition Weave Density (thread/inch) Weight Thickness (mm)
100% silk plain 130108 55i2g/m2 0.13+0.01
CH3 CH3 O0—G1—0—G1 CHj CHj OH

Crocin(CyHesOns ; FW  977)
UV max (methanol): 464, 434nm

Scheme 1. Chemical structures of Gardenia jasminoides Ellis colorant.
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Aol ot A R WS A= BErt ATH(Choi
& Seo, 2000). 37+ ofL]E} o)z} Huje} Mx2 Aok W
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Crocetin(CyH2O4 ; FW 328)
UV max (pyridine) : 464, 436, 411nm

2.1. AN 22} A 2 Shafelxy

ARoA] AME AE A5 Al AZES ARSI Al
o] 54L& Table 13} 72t

A= Al X|2F FEg Y] ARSSIFAL ShEeIE AL
83t Fo|Ae FAlIA Y3t ARSI

2.2. A2k

Ad HIE % A LGSR sodium lauryl sulfate[(CH;
(CH,),,CH,0SO;Na], sodium silicate= A|°F 19 &2 AR
3, pH S 93 acetic acid(CH;COOH), sodium
hydroxide NaOH)= 554122 A8-315 T

2.3 ™

™ A Ee] FuAEE vREA ol fH]F(2~3g/), sodium
silicate(1~3g/l), Sodium lauryl sulfate(0.2~0.5g/)E AF&-sle]
H] 1:30, 2% 95~100°CellA 6057+ A 2] 3kt

o] oA 7}z 600g & 2010 SRR e Zox] B & of
g Bolld M7 #e ] Eeee A7 F vIS 10022
whSo] ARZ-SIATE BB X|=}e] FAAS] Crocin?}t Crocetin®] 3}
2= Scheme 19 YERNSITE

Alsol Gk shEeA] Folx} FEAe] HlFS 1.00271 =
EE = A FE3}9] stock solutions A 231, FAY
25 60°CollA 60%7F 1:309] SH|Z kA F%(10, 30,



114 oFrol 73] 8131 4] #2147 AIZ., 2019

26. Moigz X|Xte| M

2.6.1. pHell w2 H4

A2 GEE FI FE 4% owPlM G 6
T 80°ColA 1:302] &ujoll 24O Z pH(2, 3, 4, 5, 6,
8, 9, 108 A3t ATt
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A oH) =
(20, 40, 60, 80%)S EElst] AHz|slal AZRLE 110°CelA
2057 AFAR F 3] Foll HXsle] Aoz WA R

Folxz Jalw AxEe] X2} AL FE 4% owf, pH 3
oA 1:309] B2 G 2% 60°ColA 60E7F ATt

272, AAEE GA T bk A

A AEE G FE 4% owfilA 84] 1:30, pH 39 =
7oA 80°CellA 607 AMBIATE. AAARZ ANE AXE
S FolA FE2AMF 1.002)5 FX(10, 20, 30, 40, 50%)=
dsle] 8] 130004 FALE 80°C, 60%7F AMEAT]

o
A
A A ANe] FmE 4% owfE G Folx}
1.002%] stock solutionS ARS8} &%=(20,
40, 60, 80%)y= @3t pH 3, SH] 130904 €4 2%
60°CellA 6027 AHeg 8w Pt
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Computer Color Matching System(Spectra Flash 600 Plus,
DataColor Co. USAYE ARE-8le] =A3IiT).
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Computer Color Matching System(Spectra Flash 600 Plus,
DataColor Co. USA)S- ©]8-8l¢] AmaxellA] THIAER)YS T+
sol Kisghe 273tk

2
_d-R)
K/S 7R

where, K: The coefficient of absorption of the dye at Amax

S: The coefficient of scattering Amax

R: The reflected light at Amax

HAE A]EE Computer Color Matching System(Spectra
Flash 600 Plus, DataColor Co. USA)E ©]-&3le] #:Dg,, Al
of: 10°0] 272 Me] B|S veple LY, MEs veil=
a¥, b* TS SAsI e AAks GRS A & WA A
BEE 7|02 sto] eRRITE et 3714 dopd L¥, a*, b*
e 7IFo g HARA HIAE o835l H(Hue) V(Value)
C(Chroma)s =743} th

292, FAAZE

DAZE KS K ISO-E04:2010((37+2)°C, 4*17h), vIEAZ =
KS K 0650:2011 ZL=AnEPY, 9343 % KS K 1SO-B02:
2010 Xenon arc(57Wy2], WH3EFHNA X ogh), M=
L KS K ISO 105 C06:2012 A2SZ((40+2)°C, 30%, ECE Al
A)), EAEAZE IWS TM 2502002808 I AT =S =3
Elpri=s

210. 7|sd &3

2.10.1. P+

S 3P S = 4t (Staphylococcus aureus ATCC 6538)
2} #EF(Klebsiella pneumoniae ATCC 4352)& ©]-8-3lo] KS
K 0693:2011°1 43kl = @54l oA st S48t
ATt

2.102. 234

AFEL 7IEARFHOZE AJFEH 10cmx10cmol] A7t~
Ammonia(NH;) 500ug/ml®] Z7x Z7487] 1000mlolA 4
&S it

x 100

Deodorization rate (%) = 4 ; B

where, A: gas concentration of blank

B: gas concentration
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3.1. BHUory Fo|xt F&4o| UV-Vis EEEM
Algel AR Az BolAke AlHskaL thA] dxste] 7}
ZF oAl 600ge 2019] Sl 1A% 891 F, vlze] 1.0027}
g 7] FSAAM L2 FE2AE xR Eeed Ars
o] oo A3l

3.2. &0|X}(Xanthium strumarium L.) =& x{2|o 2|8t
XS0 MAHHS]

Table 2= AHES ARl Folate] FEHo R A
T 60°CollA A7 607 Bt TEE HsAA XS o

[
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Table 2. Color characteristics of silk fabrics dyed with Xanthium strumarium L extract according to various treating concentration for 60min at 60°C

Fabric Concentration %(V/V) L* a* b* H(V/C) R (%) K/S
Control 99.98 0.29 1.74 - - -
10 90.68 0.99 0.92 9.47R(8.96/0.35) 63.31 0.11
Silk 30 89.28 0.67 5.00 9.52YR(8.82/0.73) 54.54 0.19
40 88.66 0.50 6.49 0.44Y(8.75/0.90) 51.27 0.23
50 88.27 0.57 6.83 0.34Y(8.71/0.96) 49.55 0.26
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Fig. 1. K/S values of silk fabrics dyed with Xanthium strumarium L
extract according to various treating concentration.
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e RIS bRk 092014 6830 = F7tsle] AAe sl
A5l gAe mekslAl WA AL vk A VRS Sitk
Munsell®] #oZ AdS SRIsiH, =7k 10%Y 29= R
2 Ao} 30%4E YRZ SHAS LRt o o] ge]
srME YR B ATS FASA vk skl Cit
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Fig. 12 AZES TRl Folxt F208 AHEer
60°ColA HZAIZF 60% Bt TeE WA IS o A
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o] A& A Tt STHE KiIS#He Sheke A
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Fig. 2. K/S values of silk fabrics dyed with Gardenia jasminoides J. Ellis
according to pH of the dyeing solution.
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Fig. 3. K/S values of silk fabrics dyed with Gardenia jasminoides J. Ellis
according to treating temperature and treating time.
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Table 3. Color characteristics of silk fabrics treated first with Xanthium strumarium L extract according to various treating concentration and then dyed

with Gardenia jasminoides JI. Ellis at 60°C for 60minute

Concentration %(V/V) L* a* b* H(V/C) R (%) K/S
- 78.59 13.46 80.61 0.18Y(7.72/12.57) 5.60 7.96

20 77.54 13.80 79.42 0.50Y(7.61/12.42) 551 8.10

40 76.83 13.69 78.21 0.06Y(7.54/12.24) 5.52 8.09

60 76.12 13.38 76.61 0.10Y(7.46/11.99) 5.61 7.94

80 75.52 13.28 75.96 0.11Y(7.40/11.89) 5.54 8.05
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Table 4. Color characteristics of silk fabrics dyed first with Gardenia jasminoides J. Ellis and then treated with Xanthium strumarium L extract according
to various treating concentration at 60°C for 60minutes

Concentration %(V/V) L* a* b* H(V/C) R (%) K/S
- 82.08 5.02 63.96 2.05Y(8.08/9.54) 20.01 1.60
10 83.18 2.19 53.19 2.58Y(8.19/7.75) 26.13 1.04
20 82.59 273 52.93 2.40Y(8.13/7.76) 25.29 1.10
30 82.09 2.59 51.73 2.42Y(8.08/7.59) 2497 1.13
40 82.15 2.59 51.41 2.41Y(8.08/7.54) 25.12 1.12
50 81.48 2.74 51.01 2.36Y(8.01/7.51) 24.17 1.19

Table 5. Color characteristics of silk fabrics dyed with mixture of Gardenia jasminoides J. Ellis and Xanthium strumarium L extract according to various
treating concentration for 60minutes at 60°C

Concentration %(V/V) L* a* b* H(V/C) R(%) K/S
- 78.59 13.46 80.61 0.18Y(7.72/12.57) 5.60 7.96

20 72.90 12.01 70.55 0.31Y(7.13/11.02) 5.78 7.68

40 70.78 11.59 65.96 0.28Y(6.92/10.32) 6.07 7.27

60 69.13 11.19 6132 0.21Y(6.75/9.61) 6.55 6.67

80 69.84 11.07 62.68 0.29Y(6.82/9.79) 6.49 6.74

Table 6. Color fastness of silk fabrics dyed with of Gardenia jasminoides J. Ellis extract and Xanthium strumarium L extract by various treating methods

Dyed fabric

SG SGX
Fastness

Change in color 3 34

Color fastness to washing Cotton 3-4 4

Pollution

Wool 4-5 4-5

Change in color 3 3

Acetate 4-5 4-5

Cotton 3-4 3-4

Color fastness to hand washing . Polyamide 4-5 4-5

Pollution

Polyester 4-5 4-5

Acrylic 4-5 4-5

Wool 4-5 4-5

Change in color 2-3 2-3

Acidity Cotton 2 2-3

L Wool 4-5 4-5

Perspiration

Change in color 4-5 2-3

Alkalinity Cotton 3 2

Wool 4-5 4

Dryness 4-5 4-5

Rubbing
Wet 4 4
Light 1-2 2-3

SG: Silk fabrics dyed with Gardenia jasminoides J. Ellis extract
SGX: Silk fabrics dyed with mixture of Gardenia jasminoides J. Ellis extract and Xanthium strumarium L extract

FANE A EL 35T T 345FOE thh AU SBHAl VR ZAnkEke 45502 skt mEbA J
AL AAF o T e AFES] dFE R 125 WA o2 )2} s Pt AX B shiokrlel x|zje} Eited
OS2 Fofsilont ool HauME AHEe 235 HS A AA=S vasiRd GAAEE, vpEEREe HSsE ¢
2 ok RSN B9 rpaE ] FrkEe 45HoR FolPer dBAREE vk AN
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Table 7. Antibacterial activities of silk fabrics dyed with Gardenia jasminoides J. Ellis extract and Xanthium strumarium L extract by various treating
methods

Dyed fabric

. SG SGX
Functionality
. . . . Staphylococus aureus 0.0 62.8
Bacteriostatic reduction ratio (%)
Klebsiella pneumoniae 0.0 95.6

SG: Silk fabrics dyed with Gardenia jasminoides J. Ellis extract
SGX: Silk fabrics dyed with mixture of Gardenia jasminoides J. Ellis extract and Xanthium strumarium L extract

Table 8. Deodorization rate (%) of NH; gas of silk fabrics dyed with Gardenia jasminoides J. Ellis extract and Xanthium strumarium L extract by various
treating methods

o Dyed fabric G SGX
Functionality
30 90 93
60 92 96
Deodorization rate (%) of NH; gas Time (min)
90 92 97
120 96 99

SG: Silk fabrics dyed with Gardenia jasminoides J. Ellis extract
SGX: Silk fabrics dyed with mixture of Gardenia jasminoides J .Ellis extract and Xanthium strumarium L extract

36. &y FHasgt oA 7)15s 7R 9 g Ao dstes A
Table 7= 7AZES A2t Yo FAG A5t X|=F HA A5} FHLNE ARGt BRI X st
I Folx} FEH R FA| HAANE AEES S S AAGA S FE AFS 3 =S} A= 548
g A7E JERASITE Table 7914 & 4 Sl= Bl o] A3 wE A AFRI AAE HAGEE ARSI, dhgerel
52 AR o2 vy Jagt Heole I (Sta- o|ZHE ARgEle] AFEEC] o8 7] Wi o R AT st HE
phylococusaureus) 2 ¥ &7 (Klebsiella pn eumomae)oﬂ ot o] GAl 27 HESIAL A A& Fad E gy, oF
Ao AES %= 8] getahgol %’i—‘C‘ Ao & ﬂm‘:} 4 5 7158E HAES A9 vy 22 A8ES 4k
27F GA} Fola} FEHOo R Bt ?'i AH =9 A9el= 1. ghoRARl oz} FEHoa GG HAES FE49
AN FCATEE 62.8%, HHBTFE 95.6%2 Xéﬂ@ 288 AL FErt F7IETE HEE A adta Axs v
Ehfjo] dtsEs 7 = 4_5 L]'E}"”‘jr o]9} 7ol & SHA F7FBIAIRE K/So] 0.5 olst= A o] Zpafo] x| ododtt.
o] F7kehs AL oAt AlWd IHY, 1, o1&+, & 2. XA} MAe} ol FEHS Ejtet HH o= XIS A
Al TeAFF 5o §7HKo & Lim, 1980; Lee et al, 2001; S kel XA AaT FAE G A FLE 11X
Lee & Chae, 1995; Shin et al, 2012)7} 7] &) Ao=E A ek},
Az ey, 3. XA A9} ghokA] olxe] B mAjol weba]
Mg ApolE Holal 9l
7. 2%Y 4. A7t @=o g JAZE A g T X|7tet ol FEA R
Table 8 7AZES A2t Y o= FAG A5} X=p HA TAl GAE 7395 vlwshd BEE 9 d3dgEE ta
I Fola} FEH R FA| HEAAE AR AHAES SH% MR mpA=E 9 g g LdE= Sttt
AAE YRR Table 8olA & 4= A= vk} ro] E9Hd 5. X2} Aeef ol FE o S9et Y oR A
ARGt ’\LEJ} NH; gas A TR et 2382 S8t 735 At aF Aol STl
oS FaL Qlth. o= FolArt AfEHe FAE 9l
= iﬁ/‘o EZo] NH; gas 22 FA71EAS ggtHo= 52 ZIAle] 2
EYAoR FEBPAY WA YA e thE EAE sl e
2 BT HER] 2o R A7 B =S giEi ] Z9S ol eiE Al
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