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Abstract The colorants of kale powders were optimally extracted using an 1:1 mixture
solvent of ethanol and DMSO at 105°C for 30 minutes obtaining a high yield of 359.7ug
/mL chlorophylls. Low color fastness of the dyed fabrics with the extracts, particularly

against washing and solar radiation, can be overcome by the combined treatments of chi-
tosan, heat setting and tannic acid. Washing fastness to color change was improved from
rating 1-2 up to 5 due to the enhanced electrostatic interactions between the colorants
and the positive glucosamine unit of the chitosan in the cationized cotton. In addition,
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the tannic acid treatment contributed to the additional increase in color fastness after
the sequential treatments of chitosan pretreatment, dyeing and heat setting.

Keywords chlorophyll, color fastness, chitosan, heat setting, tannic acid
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tracarboxylic acid(BTCA), sodium dihydrogen
phosphate dihydrate(NaHzPOs - 2H20) 5= 25+
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F2 1 AY 292 47 oleZ, DMSO, oflgh&x
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Table 1. Spectrophotometric determination of Chloro—
phyll a and Chlorophyll b'¥

Solvent Equation

Ch-a=13.36As — 5.19As0
Ch=b=27.43As — 8.12Aest

95% Ethanol

Ch-a=12.47Aes5.1 — 3.62A69.1
Ch—b=25.06A6x9.1 — 6.5Ae5.1

Dimethyl sulfoxide
(DMS0)

o
g 2 EGS Al Table 19] S &4 3 A4t
4g TAR 22400 454 FFS ABIA,
BUGHSE LAY 5 AN F 9HFL
Spectrophotometer(Macheth Color Eye 3100)&
olgst] AM=S] FHd S (A E4 420nm)]
A o] EHWARE-S 273131 Kubelka-Munk4] o] u}
2hA G2 = (K/S)E AAteklth, B3k A
2 CIE LAB EAAI ] oJ&) L*, a*, b*, C* U H*&
St G AL L* a* bFol WslgFo 2 HE

HMAZE B7t 0 AE A= E+ Launder—0-
meter(LP 2, Atlas, USA)E A8-3}% 11 Algrof &Jst
A A e AP (KS K ISO 105-C01: 2007)]
wtet 3 7hskdeh, 60°ColA 3027 e & WA 9 @
A AEE o] 2AY-E A Bk, whbE
A 2230 EH(KS K 0650: 2006)S AH&3}
AL, YFAFHEE Fade—O-meter(KS-115)E A
&Fo] 7HE o= (KS K 0700: 2008)0] whe} =45}
i

¢

oo xR

b
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Table 2. Chlorophyll extraction depending on solvent mixing ratio and temperature

Ethanol DMSO Temp Chlorophyll a Chlorophyll b Chlorophyll a+b
(wt%) (wt%) (c) (ug/mL) (ug/mL) (ug/mL)
100 0 65 177.3 73.3 250.6
75 25 65 171.8 83.0 254.9
65 193.7 92.0 285.7
85 188.7 102.3 291.0
%0 50 105 228.9 130.8 359.7
125 170.9 9.0 266.0
25 75 65 207.4 91.5 299.0
0 100 65 205.2 77.9 283.0
A fdEa FEds A1 e Aot d54 o TE, weba e ?—%% o et&3 DMS09] 1:1
#(Table % ol §sto] &0 J54 B AL B 8012 Agstol 105CoIH F&aiAT,
akch. oeteY DMSO &3H-8ule] 4% 742-o] & A 22 2ol AY %EEEH e dEa F
mjof] thsto] FF=E ST F 2 o] et A= Z9 9] UV-Vis £ 42 Figure 20 AA =] Act.
Ao &38| &S 71t A=l 400-500nme} 665nmol| A T 327} A7) AS & 5
ANFH(LR) 1:109] 204 oflgh&3} DMSOS] & M=t 400-500nm ¥ 2| ¥ A= FH5ae &7 7}
e 32 27 454 FE A e 9F= ZEkO|EA Mk 3 FEE FFET I A

Table 29 2}, oet-&uro 2 65T A 30minZt
23 & 422 ko] 250.6ug/mLel¢la, DMSO
o %%f;_ 42 983.0ug/mLO] AR, o ehE
/DMSO &3H81(25:75)9] ¢ 299ug/mLE 57}t
aklck. DMSOE W2 5T 4 ¢ 544 ol
FEH AT o E-2/DMSO £ 9] -9 DMSO
oF frAleH a“% 2 7HAEA = A 27 A it

kA FEE= ofleh& 3 DMSO2 &3 §uiE
AHE-8EAL 65 coﬂ A 30min oA ofgH&2 DMSO
o] e3hul & i PEA FEFY HIE Bs o
FHA 2 DMSO9 ol S7He 8 FE0] S7t
stk sFAITE 50wt% DMSOOIA 285.7ug/mLE
A F7FsEAARE 21 ool e =5 7 A
orgrth, 2 A olet& 3 DMS0Y] 2|2 E3u| &2
1112 AAskelct, ofgh-&y DMSO £3-8m 9] &+

g ogrenc 7 Wi 22252 $7H1Z 4
YU H, 2L SolASE AR4 220l
G} ol FELEE F7HAYY PB4 Sa=t
Z7hsl7] WO BTy, 10504 359, Tug
/mLE Vg Be G547t 2H 0w T ool
#5901 GLAAE A, ol 4247 28l

S A A7 SF3IA] A 314 Al 4%

O g Holn 665nmo| ¥A= 7]E A3 Aol A
Ep o &h-& 3 DMSOIA &3 454 a9 A &
S RS Qe 4= e, A 2o R
2L P24 a7t 228.9ug/mLo| Y FE4

b= 130, 8ug/mLE £ @24 3L 359 Tug/mLo|

At EEUE o] &3 AY EH] A=A 2ES
Al F A} ohe| B9HS fEZo|L o[ ES R AL
A AT 55 9Bk o SR A
U 298 3H85k0] DMSOY 80%0H|E2 & 65T

0.6 4
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Figure 2. UV/Vis spectrum of kale extract in ethanol/
DMSO(105C).
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Table 3. Color properties of the dyed fabrics before and after washing
Treatment conditions Washing K/S L* a* b* Cc H AE
Dyeing Before 6.3 52.9 -1.3 22.3 22.4 93.2 48.1
After 0.6 83.6 -2.9 16.3 16.6 100.0 20.0
Chitosan + Dyeing Before 10.7 46.3 2.2 25.4 25.5 95.1 54.2
After 4.0 61.0 -3.4 23.1 23.4 98.2 37.2
Before 8.7 48.9 -0.7 19.8 19.8 92.0 46.1
Chitosan +Dyeing + CA fer 5.5 58.1 0.9 217 21.7 9.3 38.8
Chitosan + Dyeing Before 7.4 53.0 -0.4 21.0 21.0 91.2 46.6
+BTCA After 4.1 62.3 -0.6 21.4 21.4 91.5 38.2
Chitosan + Dyeing Before 13.6 411 0.3 19.2 19.2 89.1 57.6
+ Heat setting (1657C) After 9.9 49.8 -0.7 24.0 24.0 91.8 51.6
Chitosan + Dyeing Before 141 37.6 0.9 16.5 16.5 86.8 59.9
+ Heat setting (1877C) After 1.0 43.8 0.9 19.7 19.7 87.4 55.2
NM 27 A7 25 Bgo| T S4319 Bl w3 F7bAQl B X el A4S ok7k Ayt
9 YAjskslel | 382 1.8 A|elo] o8 vleksiA A
3.2 GEA FEo0| HA Mt MAAR( ol Mgk o 4= Sl
HAES AY FEd2=2 G A= Table 39 7IEA A 2] 5 M E HAEof tfsto] CAZF L
AA= A=l a*ghol 22 29 4= 2 b*gte] & BTCA 7}l ®+= 7FalA] §lo] 165ColA 3&7F EA]
of greenish yellowdl& & 4= Qlth. gh= FEA o] 29k gt A3S vaskek, Al 7HA] A2 R A
S(KSA 0011, 2005)°f wet AL o2 JuE A= o] FHEAAT 7 B4 WA T T 4
WA B Mg AYSiE 5P H2A(10Y 5/400 & @ WHERT; CAL BTCA 71AE Aelg $712
Gk, ShA e QA A B0 g A K/SE 6.30] WS A 058 K/Sgho] WolRe ], ol A4 =
YA A Foll= 0.608 = HAaskqal o= W A9 7k A A2z Qe AatE dEart 2 Ee g
A A 1-25Fof HFste] g Ael Ao ol 2 9ly] wjolch, E& CAZFE A€zt BICARTE
Sict. Webd o1& M) Sle) IRA WA 5B o B K/SHE B AL 6 7R A4S B BICA
FAYE Sl dAMAR e P2 A= 7t AR E 7| BA Gelof HEa BARE fEste AL
2 AzvEth AE A% K/Sghe] Wate R 9 Ae
3.3 7|EL S X2/ofl Ut LiMIENY Hat £ el ©es] AR Aol 91%7F EA g
e A E WA Ee) QAT WAL v 3R AR T A Aol 63%T B
Rk A A7} Table 3ol A4 H oY ok, ¢4 71= T, 223 o] % CA 7hulA &= #2349 Eete =
AbAAE | WS AL FENCR 9N S 9 4 ool 37%= s EH, 53] 7t A tial EA
Quo] A FAH U 7 EA AA o] o) AR 2(187T, 3B F7He Aol Ak F 2299 4
o0 GRSt EYEO) ABaote] YU/ H 4T 2 AAske] hwA) e reh Uy Bl St
Ap-go] AR AL FE4a f mtaugo] et 7] EARY] 2 pi
Bt E QA Fabol 7]oiT Ao AzE AY A Aol Y24 o] WA ol w3t
FEE QA HAE S S35 B At 7 HolBg Ald FEdor AT HAES A A
A A JAE e 1 A Mo e 2 2 dstol mE Ao Make 2Astsl
Ae RS & o Ao, B3t 7| BEAF AA e & FAE 7IEAF AA T & dAE AEs 12 EAT B
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Table 4. Color properties of the dyed cotton with tannic acid treatment

Condition Washing K/S L* a* b* Cc H AE
Dyeing + Heat Before 7.5 491 -1.0 21.2 21.2 92.7 50.6

+ Tannic acid After 0.7 78.7 -0.9 15.9 15.9 93.1 23.2
Chitosan + Dyeing + Heat ~ Before 14.7 37.6 0.8 17.6 17.7 87.2 60.4
+ Tannic acid After 12.1 40.5 1.7 17.8 17.8 84.4 57.7
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