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Table 1 Characteristics of fabric

Fiber Weave Fabric count
Silk 100% Plain 154 X 104/inch?
Fabric weight Thickness Yarn count
36.5+2 g/m? 0.05mm 57D X 57D (Warp, Weft)
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Red Cabbage Calibration Curves

025
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Figure 6. Calibration Curves of Red Cabbage
Table 2 Calibration Curves
Calibration Curves R?
Blueberry (520nm) y = 8.2445x - 0.0247 0.9966
Red Cabbage (550nm) y = 0.765x + 0.0376 0.998
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3.1. HPLC ¥ MS #4

F=4% anthocyanin® 334 A& 8 E 913k Ultimate3000
(Dionex, USA)S At&3le] HPLC(A S AA mZ=wE 119, High
Performance Liquid Chromatography)®4S AAlstgctt. F5% A
9] HPLCEA2 Ultimate3000 (dionex, USA)E Al&3ltt 22 C-18
column(46 x 250mm, bSum)S AFESAL oS 0.33%
TFA(Trifluoroacetic acid, HPLCH Sigma)®t Acetonitrile(HPLC+H
Sigma)E AE89 1 #45<S 08ml/ming FAo 2 33t Table 3).
HPLCel 98] *ad AES UV/Vis Diode Array Detector
scanning (210-702nm) 2. = 520nm$} 550nmel Al 7 &% Ao}

%% anthocyanin®| 384 Fx5 237 98] MS(HH2
AWM Mass Spectrometry)i-4 S AASA =Y ol  Ultimate3000
RSLC HPLC system (Dionex)< AF83kol 5600 Q-TOF LC/MS/MS
system (AB Sciex, Foster City, CA)o = A3t ZAHL Hypersil
GOLD column (2.1 x 50mm, 1.9¢m, Thermo scientific)& AF&3}%]oH
o574 A (0.1% formic acid in water)¢} ©]57% B (0.1% formic acid
in acetonitrile)E A& F52 0.25ml/min®]t}. Linea gradient<
0-4min, 99% A; 4.1-81min, 50% A; 81-13.0min, 5%AZ gt}
Autosampler= 57T, injection volume < 100im#= 3| t}. Mass spectras™
ion spray voltage”} -4500V ¢! negative electrospray ionization (ESI)s}

o4 ZRae

- 14 - 2] 21



Table 3 HPLC operating conditions

HPLC system Ultimate3000 (Dionex, USA)
Column C-18 column (4.6%250, 5um)
Acetonitrile
Run time (min) 0.33% TFA
(%)
. 0 90 10
Mobile phase
(Gradient 25 40 60
mode) 30 0 100
35 0 100
36 90 10
40 90 10
Flow rate 0.8mL/min
Detective
wavelength 520nm, 550nm
3.2. 484 &34
A =eke Spectrophotometer(Minolta, CM-2600d, Japan)Z
ARE3te] 3007900nm MLl A H F5 geAe] W HALES
=48 & Kubelka-Munk2le] os] 94 d%¢ AAB K/SHS
Abstah. S 7 AlEE 2W Hol F 439 FHlAA AR

=
o
i
22
b

w = =
=
ulcs
i
23
b

2 ° g
1

uh)
utt
il
e
B
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33. 294 &3

=

W Ae Spectrophotometer(Minolta, CM-2600d, Japan)E
AbEete]l Munsell® sEAA WERel wel Aol AEHAHMH V/O)J
M), HE=N), A=CO)=E Ttk £33 CIE Lab Ajztel uwheh L,
ax, bx S A A S D65 FY, Observer: 10°, UV
100%= Al:9 Az v&E A A dHE SAHSE F
AH-&-F AT

o,

@ %

o

34 NAIE

i
2
%

K ISO 105 B02: 2010, XENON-ARC-LAMP, BLUE SCALEY]
uel A3 AEdEEE KS K ISO 105 C10: 20100 e} 30%
Zol 3042 CollA 05%% %2 ISO SOAP SOLUTIONS A}&3te] 7]4)

AEste] Z43k9
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Figure 79} Figure 8 o419} 7Fo] Sample 13 Sample 2% 7}
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Table 4 Characteristics of test samples

Sample No. Source of dyestuff
Sample 1 Blueberry extracted at 80C for 4 hours(Abs. 0.8)
Sample 2 Red Cabbage extracted at 95C for 40mins
P (Abs. 0.8)

1] mAU

80+
60+
407

20+

0

_20;

min

740_\ T T T T T T T T
0.0 10 20 30 40 5.0 6.0 7.0 8.0

Figure 7. HPLC Chromatogram of extract of Sample 1

| mau

100

50

-40- T T T T T T T T T T T T T T T T T T T T T T T T T T T
0% 10 20 30 40 50 60 70 80

Figure 8. HPLC Chromatogram of extract of Sample 2
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*303.0492 (1)
3504

3.0e4 4

2.5e4 1

Intensity
B
3

1.5e4

1.0e4 4
3040524 (1)

5.0e3 1

0. E'eO‘j

, . \ A .
3030 ams 040 045 3050 055

Mass/Charge, Da

Figure 9. MS Chromatogram of Sample 1

4431062 (1)

2000 4

1500 4

Intensity

4501106 (1)
1000 4

4511128 (1) =451.2289 (1)

I-us.zuam

?{g

4430 4495 450.0 4805 451.0 4515
Mass/Charge, Da

Figure 10. MS Chromatogram of Sample 2

HPLC®} MSE &3l &EF4g F=E9 anthocyanin® F+8 A
A A ELS  Delphinidin(303g/mol)¥} Europinidin, Malvidin, Petunidin,
Pulchellidin & ©]al A3 FEE2] 49 Aurantinidin - O-glucoside
(449g/mol) <} Delphinidin, Cyanidin - O—glucoside, Petunidin - O-

glucoside, Pulchellidin - O-glucoside & ¥} 3 t}(Table 5).
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Table 5 Main anthocyanin components of Sample 1 & Sample 2

Main . Chemical
Sample | anthocyanin Chemical formular/
Components Structure Molar
mass
inidi C15H1107+
Delphinidin 303 g/mol
QCH;
o O o CI7THI507+(,
Europinidin HO O Oy, o Cl—)
# 0H 331.30 g/mol
OCH,
/CH.‘!
8]
[ OH
Sample ‘ C17H1507+
Malvidin HO oL oGt
1 O 331.2968 g/mol
H OH
OH
d C16H1307+ (Cl—)
Petunidin
317.27 g/mol
OH
on C16H1307
HO of or C16H1307+,
Pulchellidin , OH | Cl—(C16H13ClO7)
i 317.27 g/mol
ch,o
90 - _ HH e



Sample

C15H1107+

Delphinidin
483 g/mol
Z OH
HO OGN |
Aurantinidin- mof'o CISHII06+
O-glucoside 449 g/mol
Cyanidin—-O- C21H21011C1
glucoside

484.82 g/mol

oCH
i C22H23011+
o C22H23011Cl1
Petunidin—-O- HDWOR (CthI‘ide)
glucoside | .
SO H 463.41 g/mol
oH HO OH 4989 g/mol
H (chloride)
o7 \‘
Pulchellidin— C22H23012+

O-glucoside

479.41 g/mol

,21,
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Table 6, Figure 11, Figure 12¢] A|AJE A3} o] z} Huj

F5 obgeld BReel FREsh AguFe FREuo o 104
j

Table 6 Absorbance of Blueberry & Red Cabbage extracted solution

Wil o Concentration Abs. Amax
rate
Blueberry 1 1 7.041 520
Red
Cabbage 1 1 0.823 550

_ oo J’—'! -f.ﬂ- 1_'_” x-ﬁ]l_

W2 vl Aabo] Hopulde] Aituch U4
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22. 48 v AA

7 e FEE020nm)e oF 109 34jste] AA A AMEs=

skt (Table 7).
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Table 7 Absorbance of Blueberry & Red Cabbage extracted solution

(Dilution rate from 1 to 100)

Blueberry
Dilution rate Abs. Wavelength nm.
1 10 515
5 1.628 520
10 0.815 520
25 0.237 520
100 0.08 520

Red Cabbage

Dilution rate Abs. Wavelength nm.
1 0.823 550
5 0.191 550
10 0.113 550
25 0.069 550
100 0.049 550

~ 95 - ) Jﬂ “i :
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w97 dEo
CELEEN

0.45
o4
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(.25
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kS5 (520nm)

g 30MIN

e BN

g BN
120min

24

20T
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Temp(*C)
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0:35238
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0:31131
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0.29742
0.24632
012038
0.17602

Figure 13. Effect of dyeing time and temperature on K/S values of

silk fabrics dyed with Blueberry (Treatment condition: liquor ratio

1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)
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Lightness( CIE L¥)

L’l
ECESEBRER

Nmin
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90min
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3

Figure 14. Lightness of silk fabric dyed with Blueberry (Treatment
condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90,
120min, Abs. 0.8)
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Figure 15. a*, b* diagram of silk fabric dyed with Blueberry

(Treatment condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80T,
time 30, 60, 90, 120min, Abs. 0.8)
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Figure 16. a*, b* diagram of silk fabric dyed with Blueberry
(Treatment condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80T,
time 30, 60, 90, 120min, Abs. 0.8)
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Table 8 Effect of dyeing time and temperature on Munsell values of

silk fabric dyed with Blueberry (Treatment condition: liquor ratio

1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)

Dyeing Condition Munsell values (D65)
Temp Time Hue Value Chroma
30min 5.9RP 6.32 2.32
60min 4.6RP 6.18 2.6
20C
90min 47RP 6.29 2.44
120min 54RP 6.18 2.32
30min 49RP 6.26 2.49
60min 9.6RP 6 2.22
30T
90min 1.6R 5.96 2.04
120min 7.0RP 5.96 2.39
30min 6.0RP 6.33 2.43
60min 6.8RP 6.27 2.32
40T
90min 7.0RP 6.1 25
120min 6.9RP 6.04 2.46
30min 9.3RP 6.09 2.41
60min 1.1R 6.17 2.34
60T
90min 3.1R 6.07 2.3
120min 3.7R 6.04 2.21
30min 8.8R 6.05 2.16
60min 9.5R 5.95 2.35
80T
90min 48YR 5.48 2.59
120min 1.8YR 5.72 2.63
-3 - e sk
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Figure 17. Effect of dyeing time and temperature on K/S values of

silk fabrics dyed with Red Cabbage (Treatment condition: liquor ratio

1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)
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Figure 18. Lightness of silk fabric dyed with Red Cabbage
(Treatment condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80T,
time 30, 60, 90, 120min, Abs. 0.8)
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a*, b* diagram silk fabric dyed with Red Cabbage

(Treatment condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80T,
time 30, 60, 90, 120min, Abs. 0.8)
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Figure 20. a*, b* diagram silk fabric dyed with Red Cabbage
(Treatment condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80C,
time 30, 60, 90, 120min, Abs. 0.8)
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Table 9 Effect of dyeing time and temperature on Munsell values of

silk fabric dyed with Red Cabbage (Treatment condition: liquor ratio

1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)

Dyeing Condition Munsell values (D65)
Temp Time Hue Value Chroma
30min 6.8P 6.58 491
60min 6.7P 6.61 4.78
20C
90min 7.2P 6.56 4.68
120min 6.6P 6.52 4.46
30min 6.8P 6.56 5.1
60min 6.9P 6.52 4.83
30T
90min 6.7P 6.44 4.8
120min 6.6P 6.5 4.61
30min 7.2P 6.65 4.59
60min 7.0P 6.66 4.62
40C
90min 7.0P 6.59 44
120min 6.9P 6.6 4.49
30min 7.7P 6.74 4.21
60min 8.1P 6.87 3.81
60T
90min 8.4P 6.89 3.61
120min 8.7P 6.84 3.61
30min 0.8RP 7.19 3.04
60min 4.0RP 6.95 2.7
80T
90min 4.7RP 6.94 2.64
120min 6.7RP 6.61 2.65
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Figure 21. Effect of dyeing time and temperature on K/S values of
silk fabrics dyed with Blueberry(520nm) and Red Cabbage(550nm)
(Treatment condition: liquor ratio 1:200, temp. 20, 30, 40, 60, 80T,
time 30, 60, 90, 120min, Abs. 0.8)
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Figure 22. Lightness of silk fabrics dyed with Blueberry(520nm) and
Red Cabbage(550nm) (Treatment condition: liquor ratio 1:200, temp.
20, 30, 40, 60, 80T, time 30, 60, 90, 120min, Abs. 0.8)
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Figure 23. a*, b* diagram of silk fabrics dyed with Blueberry(B)

(520nm) and Red Cabbage(RC)(550nm) (Treatment condition: liquor

ratio 1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min, Abs.
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Figure 24. Effect of pH value on K/S values of silk fabrics dyed
with Blueberry (Treatment condition: liquor ratio 1:200, temp. 40T,

30min, Abs. 0.8 and Abs. 7.041)
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Figure 25. Lightness of silk fabric dyed with Blueberry (Treatment
condition: liquor ratio 1:200, temp. 40C, time 30min, Abs. 0.8 and
Abs. 7.041)
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Figure 26. a*, b* diagram of silk fabric dyed with Blueberry solution
of Abs. 0.8 (Treatment condition: liquor ratio 1:200, temp. 40C, time
30min, pH 2.3, 3, 45, 6, 75, 9, 11)
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Figure 27. a*, b* diagram of silk fabric dyed with Blueberry solution
of Abs. 7.041 (Treatment condition: liquor ratio 1:200, temp. 40T,
time 30min, pH 2.3, 3, 45, 6, 75, 9, 11)
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Table 10 Effect of pH value on Munsell values of silk fabric dyed

with Blueberry solution of Abs. 0.8 (Treatment condition: liquor ratio

1:200, temp 40C, time 30,min)

Dyeing Condition Munsell values (D65)
pH value Hue Value Chroma
2.3 0.8R 7.15 2.719
3 2.5R 6.12 2.92
4.5 8.5RP 6.49 2.26
6 5.4RP 7.04 1.75
75 5.0R 7.76 1.27
9 5.8YR 8.45 1.1
11 9.9YR 9.02 0.77
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Table 11 Effect of pH value on Munsell values of silk fabric dyed

with Blueberry solution of Abs. 7.041 (Treatment condition: liquor

ratio 1:200, temp 40C, time 30,min)

Dyeing Condition Munsell values (D65)
pH value Hue Value Chroma
2.3 '1.5RP 6.06 4.24
3 9.7RP 5.01 4.06
4.5 6.5RP 5.08 2.78
6 3.9RP 5.72 1.86
75 9.3RP 6.5 1.84
9 5.7YR 7.57 1.41
11 79YR 8.28 1.7
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Figure 28. Effect of pH value on K/S values of silk fabrics dyed

with Red Cabbage (Treatment condition: liquor ratio 1:200, temp.80TC,

30min, Abs. 0.8)
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Figure 29. Lightness of silk fabric dyed with Red Cabbage

(Treatment condition: liquor ratio 1:200, temp. 80C, 30min, Abs.0.8)
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Table 12 Effect of pH value on Munsell values of silk fabric dyed

with Red Cabbage (Treatment condition: liquor ratio 1:200, temp.

80C, 30min, Abs.0.8)

Dyeing Condition Munsell values (D65)
pH value Hue Value Chroma
2.3 89YR 7.83 2.45
3 9.0YR 6.6 3.04
45 2.8YR 7.34 2.11
6 7.6P 7.27 3.32
7.5 0.2RP 75 2.76
9 5.7RP 7.96 2.02
11 9.2YR 8.78 1.3
g - A &gk
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Figure 31. Effect of pH values of silk fabrics dyed with
Blueberry(520nm) and Red Cabbage(550nm) (Treatment condition:
liquor ratio 1:200, temp. 40T (Blueberry), 80T (Red Cabbage), time
30min, pH 2.3, 3, 45, 6, 7.5, 9, 11, Abs. 0.8)
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Figure 33. a*, b* diagram of silk fabrics dyed with Blueberry(520nm)
and Red Cabbage(550nm) (Treatment condition: liquor ratio 1:200,
temp. 40°C (Blueberry), 80C(Red Cabbage), time 30min, pH 2.3, 3, 4.5,
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Table 13 Light fastness and Wash fastness of silk fabrics dyed with
Blueberry and Red Cabbage

Natural Treatment condition Light Wash

Colorant Time | Temp. | pH value fastness fastness

pH 2.3 1 1

pH 3 1 1

pH 4.5 1 1
1 1
1

Blueberry 0C 16
b

pH 75
pH 9 2-3 3-4
pH 11 3-4 3-4
pH 2.3
pH 3
pH 45
80T pH 6
pH 75
pH 9 1-2
pH 11 4

1-2

30min

Red Cabbage

—_ | = = = =

Nl w | == =]|+=]0M

- 67 - s g kel gy



V. 4 =

Chromatography &  ©]&3le] blueAdlde] EFHz A<}
red—purpled| € 2] A v Ao ¥ Z+2F2] anthocyanin® Al #S
wASka, AAEe dAAMstES W pH o oE A4

H
gage wastat. F kA gAe HAH FERAL 4YH]
=

1. HPLC$ MSE &3l &F4e F5=9 anthocyanin® +8
A 2~ A E-S Delphinidin (303g/mol) ¥} Europinidin, Malvidin, Petunidin,
Pulchellidin & ¢l A¢uF F=E29 4 ¢ Aurantinidin - O-glucoside

(449g/mol) ¢  Delphinidin, Cyanidin-O-glucoside, Petunidin - O-
glucoside, Pulchellidin —~O-glucoside® 3}8+4 Al o ZFo] 7} A AT}

2. EFMlYe SRS L1Y dHlE 80TolA 4A%F &<t
FH 14, 24 FEEO EFNS g0z AgHgm AguFe
S5 129 AR 05ColAM d0¥ Fe 14, 24 FFd AL



% oo R
L O..MO 0 x ;OT
=K . o W 3R T T~ K-
s ) ° _fnani T = of o W T o —
S B o X e = W o) o) = o ok R L
R - R E o %E_dsmow
S do Al - 1 o9 - R~ 2 E N ®
o) — ~ = = T 0 N NoOBR
Te) — U_K ;OL =) A_l X o) =r = 5 e
L= i < . A T o o F 5T g
o T N = K3 o go U s = h ny
S 2 T Py a ® U o w T
° = 4 R do ooy op
A g 50 ol [ < 0 = Pras E3 _WH i = o
RO % =) o TR X8 B oo oo N~ o
o = N Mp ,_Mm o} o B Mo o Eﬂ N ° ocm_ 00
= mﬂmmm %ﬂmwar.ﬂfr% ﬂ_ZTWEEmﬁﬁO
3 _ 0 n
N ﬂor _sz H.I WTM ol 1__/l = \UrM C,.* _ZT o _ZT ™ o= ﬂmp Of 8 ﬂwol
O M e oM T E R = T SR T
~ o _ZE i % 11_/.| e ~X A — o N
T o o T N o X oo 2 o Ik N T m N
o — wXom - X7 I H__E 0 ~ _sz
"E = BH & v T T O woN & w o= o N ol
- ) < ol =
= (A t e T oE o = M e w
v ° = 0 5 o, T 5w g W T LS
T B T Vo o oM Yowow o Z Yo FT e [
o &8 i Mo o © o X N noal - Ay
K % Ho = < ) o ol 1__/l = X 4 X I B X o
; N 2 ~E 2 o %o B o
~ = o MYy N o o) o} L — ) ey e 2 -op
aE A o A ) T2 W e T
T A oF T X o = wm = o NS = ° oo g O W
o o N < m oz I D g iy R
ol & 3 N . o %o 2 Mm 2on wm .
v —_ (@) < N M,A iy 0
X C WTM Uﬁ_“ oﬁu <t ) E.:; E.ru m O_ ﬂ Bn = Zﬁo ﬂ_‘lw o ﬂm
ﬂ - NS o ol ™ AR AR m = el 0 o oo %
%0 XM S owmoa 8 B 5 O T o4 o= of T
T A o M T S an s o~ N & mr
T o Mo & W g Tox9 5 A
£ o+ = e o
Wom o = o~ ~
s ~ Ne

- 69 -



H 3}A] 7]

=

=

ol A pH

73 °]

o

-

Bepa Al Aol 7t

B o

-

ai

—

e

o
ol
A
N

i

AL
OO

off ]

==
T

Gl

3|
2|

4oz &Fe7t

] %

X
fa

sto] 9 Axte] xpol7} wrth.

al pH ¥ K/Sgtel wst Foj

S

]

o
ps

| 2] 7}

w-

el &

o2 e

b

)

N

ze]
<

i
adl

TR
b=

o
~
TR

ol

A%l pH 3914 K/Sgkel FHthgkel veb pH 3ol A 9

At

+
o
o
0SS

%

¢+

-

s

Fef AjAdo] ol

°

7}

=

[}

of whe} Lxgto]

1

T
=4

pH 3 o] %%¥ pH7} <7}

Jepn .

KR
=

HAzE, pH 119 o Hdigk

pH 3¢ uj

al

A

BR

ojn
;OO
ﬁO

1

o
pal

reddish?®
7 )
red A€

T

9]
yul

A 22 violetol]l H]<=

A

LIS

]
<s71d 45 YR-P-RP-YRY

KeR
LN

53]

JeQe  pH7
el

b
9=

4= R-RP-YR<
purple®] & 2

CIE a,
et

o

o ehd %

=1
o

3t purplee] o yellow

ol

i

=T

2] <

,70,



-

o
M

e

o)

o4 pH 23-759

A = =

Hov pH 99 1104

o
=
7o

—_
file)

oo

o
oy
A
N

-

AL
OO

N

1-2v2 =%

-
R

19, pH 99 A

oM =

A

)
N

A o 2 purple, red-

e

FRHom
derfges pH 23 e

o 3f

[e)
A&

Fo pH 9-119

A

purple 74 ¢

Aol M= yellow Aol ebLt

!

© anthocyanin 95 %

!

ot

A A=A 9

o) =
AR -

PN
T

o
- =

& A

oF

t}

o

2 =

34 9]

AEAoFAA

otow 1 9

%
ok

,71,



2 1 2§

Chien-Kuo Yen, Li-Yuan Peng, Chao-Xia Wang, Yen-Yu Chen
(2011), Dyeing of Degummed Silk Fibers with Anthocyanins in
Red Cabbage, Advanced Materials Research Vols 418-420 (2012)
pp 585-588.

CS. Ku a, S.P. Munb(2008), Optimization of the extraction of
anthocyanin from Bokbunja (Rubus coreanus Miqg.) marc produced
during traditional wine processing and characterization of the
extracts, Bioresource Technology 99 8325 - 8330.

G. MAZZA, COLIN D. KAY, TONY COTTRELL, BRUCE ]J. HOLUB
(2002), Absorption of anthocyanins from blueberries and serum

antioxidant status in human subjects, J. Agric. Food Chem. 50,

7(31-7737.

Hyang-Hee Lee, Jang-Wook Lee, Jong-Whan  Rhim(2000),
Characteristics of Anthocyanins from Various Fruits and
Vegetables, Korean ]J. POSTHARVEST SCI. TECHNOL, Vol. 7,
No. 3, pp2857290.

J. Chandrasekhar, M.C. Madhusudhan, K.S.M.S. Raghavarao(2012),
Extraction of anthocyanins from red cabbage and purification
using adsorption, food and bioproducts processing 9 0 615 - 623.

Jong-Whan Rhim(2002), Kinetics of Thermal Degradation of
Anthocyanin Pigment Solutions Driven from Red Flower Cabbage,

Food Sci. Biotechnol. Vol.11, No. 4. pp. 3617364.

- SRR



JUNGMIN LEE(2005), Determination of total monomeric anthocyanin
pigment content of fruit juices, beverages, natural colorants, and
wines by the pH differential method_collaborative study,
JOURNAL OF AOAC INTERNATIONAL VOL. 88, NO. 5.

Kyung Hwa Hong(2015), Preparation and properties of cotton and
wool fabrics dyed by black rice extract, Textile Research Journal
0(00) 1-9.

M J Denton, P N Daniels(2002), Textile Terms and Definitions, The
Textile Institute.

Neela Chigurupati , Lani Saiki, Charles Gayser Jr, Alekha K. Dash
(2002), Evaluation of red cabbage dye as a potential natural color
for pharmaceutical use, International Journal of Pharmaceutics 241,
293 - 299.

Norbert ~ Adolph  Lange(1967), LANGE'S HANDBOOK  OF
CHEMISTRY, McGRAW - HILL BOOK COMPANY.

Roger Boulton(2001), The copigmentation of anthocyanins and its role
in the color of red wine_ A critical review, Am. J. Enol. Vitic.
52:2.

Thomas Vickerstaff(1954), The Physical Chemistry of Dyeing, Oliver
and boyd.

Yang Sook Jung, Do Gyu Bae(2014), Natural dyeing with black
cowpea seed coatl. Dyeing Properties of Cotton and Silk Fabrics,
Fibers and Polymers, Vol.15, No.1, 138-144.

Younsook Shin, Eunkyoung Cho(2001), Dyeing properties of cotton

- 2] &1



fabric with pomegranate colorants and antimicrobial properties,
Journal of the Korean Societyof Clothing and Textiles Vol. 25, No.
3 p.o777385.

Zhang Hua, Dong Yuesheng, Xu Ge, Li Menglu, Du Liya, An LijJia
and Xiu Zhilong(2013), Extraction and purification of anthocyanins
from the fruit residues of vaccinium uliginosum Linn, J Chromat

Separation Techniq, fromhttp://dx.doi.org/10.4172/2157-7064.1000167.

, Sk, Fad, Al h@011), FAe] o], AEAL

AAA, FEA, ZAD(2005), A o) F A, nEA}

ag A ol A, F8lAH2000), EE=FI L] SFEAICH M AE o] g3 Z
FA HR7EA S A A138d 113

Aol (2014), LC-ESI-MS MSE ©]&-3 aujdy} Agtel= #efF (5
T2, e, EFHE) EeHE 4, sdden AAE e =

HAF3](2011), AFAMA pHEC] A4 Wstel mX|= F3F, o] 3t
et A AFERe] =

273 0H2010), A g Fo] QFEAobd MAE o] &3 A mAl A4
AT, oA gl AR =

1993](2011), EFwlg(Vaccinium  corymbosum L.  Z#H| g
(Vaccinium macrocarpon Ait.), 24 %5 (Brassica oleracea L.)Z%-

B ¢tEAlobd ] gabstzbg, FdEAd B kgAY &y, d=AEA

H338t3], Vol.2011 No.-.



S

3}

kAT, A A

o) Abgel m

J

=

A 273(2005), Aok H
A (2011), A& i Al

o
-

il

Tor

<.

Kor. Soc. Cloth. Ind.#|8¥ A|4%

1
Hl 74 (2006), HEAF dulE o] &

of

—

B/

o

w7

23}

o

Hj & 54(2005),

il
H
oF
;O_l

xr

K

Tor

=5

X

Vol.23, No. 2, pp.

%33 Anthocyanin

-
X

(1994),

o] He 9@ ¢kA" A ] Korean Soc, Food Nutr,

2797286.

dol,

S|
ax

] =
y LT

[e)
=

:ﬂ

olo
o

i

)

o

202-209 (8 pages).

_ﬂo
=y
ze]
il

==
4

BH

!

Al

al¥

A0
A

=2 A v 2] Anthocyanin

}

°
pal

Bl &-(1995),
31 A 384, A6

581-583.

<

1

;.oﬁ
Ho

o

3}

0

X

Ho
el

i

=T

A 7LE8EE 2] #2278 A3
2] <

$1(1997), AFA 14wk Anthocyanin 242 71 of
22 A4t Korean J.Food SCI. Technol. Vol.29, No. 3, pp. 4977501.
_ 75 _

=

[}

]

o

y

| &

o



oA
K

U

o

il

3k, 2= A144(2000), A4 a1+wk Anthocyanin A4 4~ 9]

Mo

o]
k=i

—5‘5}

, J. Korean Soc. Food Sci. Nutr.

A 29(5), 790~ 795.

] QHEA o}

ksl A A 224, Al

)

7hEol w

=]
=

1}

, 1507157.
AR A ZA EFu ] (Blueberry)? &840

<

B

!
o

A

q

Z
Tl

%1 ©1(2010),

il

o

o

al
NI

%

el

J %3

, 31 271(2008), =W Al B el gf=uel e

d4

S

N
__i

I
o

X

1] 37(11), 1375~1381.
ggof &3 AT, Journal of

B

9]
Korean Society of Costume Vol.56, no3 (March 2006) pp73-80.

2y
=

TR

BR

B

e,

;.AL

(2006),

N

jgase)

N

O

74 KS K ISO 105-C10: 2010

74 KS K ISO 105 B02: 2010

74 KS A 0011: 2010

wWww.google.com

http://en.wikipedia.org/wiki/

https://ko.wikipedia.org/wiki,

https://books.google.co.kr/books?id,

https://books.google.co.kr/books?id,

,76,



Abstract

Dyeing properties of natural

Anthocyanins dyes on silk

Hur, Hyun Joo
Dept. Textiles, Merchandising and Fashion Design
The Graduate School

Seoul National University

This study was carried out to compare the each
Anthocyanins contained in Blueberry(Vaccinium corymbosum) or Red
Cabbage(Brassica oleracea var. capitata f. rubra) and to examine their
color, dyeing properties, and fastness to light and wash after dyeing
on silk.

The methods of experiments are as follows: The extractions
of blueberry was done with water at 80 °C for 4 hours at a liquor
ratio of 1:1 and red Cabbage extraction was done with water at 95
°C for 40 mins at a liquor ratio of 1:2. These dye extracts were
adjusted to have their absorbance unit at 08 wusing UV-Vis
Spectrometer (UV-2600 SHIMADZU). HPLC(Ultimate3000, dionex,
USA) and MS(Ultimate3000 RSLC HPLC system, Dionex) system to

control the concentration of the dye extracts were used to analyze

3 1 £ 7] ]
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the components of each anthocyanins. IR dyeing machine (Dealim
Starlet Engineering, Model DL-600) was used for dyeing, 1:200 bath
ratio respectively at 20, 30, 40, 60 and 80 °C, for 30, 60, 90 and 120
mins. The effect of pH values of the extracts from 2.3 to 11 were
experimented. Dyed samples were analyzed by their K/S value and
L#, a*, b* value using Spectrophotometer (CM-2600d, MINOLTA) to
evaluate the dyeing properties. The fastness to light and wash test
were tested.

The results of this study are as follows.

The main coloring components of anthocyanins are
Delphinidin (303g/mol), Europinidin, Malvidin, Petunidin, Pulchellidin in
blueberry  extract and  Aurantinidin - O-glucoside  (449g/mol),
Delphinidin, Cyanidin-O-glucoside, Petunidin - O—glucoside, Pulchellidin
- O—glucoside are in red cabbage extract.

For the blueberry experiments, the higher the temperature,
the lower the K/S values of dyed silk fabrics. For the red cabbage
one, however, the higher the temperature, the higher the K/S values
of dyed silk fabrics. The optimum dyeing condition was showed at 40
C, 30 mins, pH 3 for blueberry and at 80 C, 30 mins, pH 3 for red
cabbage considering K/S value, damages to fibers and dyeing
efficiency.

Generallly, the color of samples were spread out RP-R color
range of blueberry and P-RP color range of red cabbage. YR color
range was showed in high pH wvalue on both extract. In CIE Lab

analysis, red cabbage’s L* value was higher than blueberry’s and the

s 2] &1



higher the temperature and longer the time, the higher b* value on
both extracts.

The light and wash fastness of dye samples showed better
rating in the alkaline conditions up to pH 11.

In conclusion, dyeing blueberry and red cabbage extract on
silk fabrics presents red-purple and purple colors according to the
anthocyanins’ chemical structure. Both of them were found to improve

the availability of a variety of colors.

Keywords : Anthocyanins, Vaccinium corymbosum, Brassica
oleracea var. capitata f. rubra, Dyeability, Dyefastness

Student Number - 2014-20369

B 79 B -':l"-\._i _-\.;_":_ .I-.IE



H
L

Appendix-Table 1 Effect of dyeing time and temperature on Lx*a* b*
of silk fabric dyed with Blueberry(Treatment condition: liquor ratio
1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)

(cf. Figure 14, Figure 15, Figure 16, Table 8)

Dyeing
Condition CIE Lxaxb* (D65)
Temp | Time Lx* ax b*
30min 64.84 6.91 0.26
) 60min 63.52 791 -0.66
20T -
90min 64.57 7.31 -0.52
120min 63.51 7.03 -0.03
30min 64.27 7.55 -0.37
60min 61.63 7.07 1.97
30C -
90min 61.22 6.51 2.66
120min 61.28 7.6 0.68
30min 64.93 7.43 0.19
60min 64.36 7.15 0.57
40T -
90min 62.69 7.94 0.65
120min 62.07 7.79 0.59
30min 62.5 7.89 1.81
60min 63.32 7.7 2.59
60T
90min 62.24 7.84 3.38
120min 61.97 7.53 35
30min 61.98 7.65 6.17
80T 60min 60.96 8.47 7.25
90min 56.08 7.99 12.19
120min 58.54 9.25 9.95

- 80 - = A 2 f| &k



Appendix-Table 2 Effect of dyeing time and temperature on L*a* b*
of silk fabric dyed with Red Cabbage(Treatment condition: liquor
ratio 1:200, temp. 20, 30, 40, 60, 80T, time 30, 60, 90, 120min, Abs.

0.8)

(cf. Figure 18, Figure 19, Figure 20, Table 9)

Dyeing
Temp | Time L= ax b*
30min 67.77 11.54 -11.3
60min 68.12 11.04 -11.1
20C -
90min 67.56 11.26 -10.2
120min 67.19 10.14 -10.4
30min 67.65 12.02 -11.9
60min 67.18 11.45 -11
30T
90min 66.44 11.27 -11.2
120min 66.98 10.55 -10.7
30min 68.41 11.04 -9.86
) 60min 68.53 10.89 -10.2
40C -
90min 67.83 10.33 -9.74
120min 67.95 10.48 -10.1
30min 69.25 10.29 -8.35
) 60min 70.49 9.27 =7.09
60T -
90min 70.67 8.79 -6.42
120min 70.24 8.96 -6.16
30min 73.56 7.76 -3.43
) 60min 71.08 7.63 -0.92
80T -
90min 71.06 7.57 -0.41
120min 67.68 8.1 0.67

,81,
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Appendix-Table 3 Effect of dyeing time and temperature on K/S

values of

silk  fabrics

dyed with Blueberry(520nm)

and Red

Cabbage(550nm) (Treatment condition: liquor ratio 1:200, temp. 20, 30,
40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)
(cf. Figure 21)

K/S value
20T 30C 40C 60C 0T

30min | 0.37045 | 0.41953 0.4247 | 0.34204 | 0.29742
Blueberry | 60min | 0.41697 | 0.31418 | 0.34801 | 0.35238 | 0.24632
(520nm) | 90min | 0.39597 | 0.30011 | 0.33976 | 0.34602 | 0.12038

120min 0.3461 | 0.31998 | 0.32008 | 0.31131 | 0.17602

30min | 0.49489 | 0.36777 | 0.46963 | 0.47938 | 0.66667

Red

60min | 0.42446 | 0.40054 | 0.42755 | 0.52938 | 0.60516
Cabbage

90min | 0.40221 | 0.34192 | 0.43033 | 0.56246 | 0.63964
(550nm)

120min | 0.43807 | 0.39109 | 0.40616 0.5372 | 0.56044
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Appendix-Table
Blueberry (520nm)

4

Lightness  of

silk
and Red Cabbage(550nm)

fabrics

dyed  with

(Treatment condition:

liquor ratio 1:200, temp. 20, 30, 40, 60, 80C, time 30, 60, 90, 120min,

Abs. 0.8)
(cf. Figure 22)
CIE Lx
20 30T 40C 60T 80T
30min 64.84 64.27 64.93 62.5 61.98
60min 63.52 61.63 64.36 63.32 60.96
Blueberry
90min 64.57 61.22 62.69 62.24 56.08
120min | 63.51 61.28 62.07 61.97 58.54
30min 67.77 67.65 68.41 69.25 73.56
Red 60min 68.12 67.18 68.53 70.49 71.08
Cabbage | 90min 67.56 66.44 67.83 70.67 71.06
120min | 67.19 66.98 67.95 70.24 67.68
83 - oo kT



Appendix-Table 5 Effect of dyeing time and temperature on L*a* b*

of silk fabric dyed with Blueberry

solution of Abs. 0.8 (Treatment

condition: liquor ratio 1:200, temp. 407C, time 30min, pH 2.3, 3, 4.5, 6,

75,9, 11)

(cf. Figure 25, Figure 26, Figure 27, Table 10, Table 11)

Dyeing Condition CIE Lx*axb* (D65)
pH value L ax* b
2.3 72.95 8.67 3.03
3 62.78 9.93 4.22
45 66.48 6.73 1.56
6 72.08 4.14 0.46
75 79.04 2.44 2.24
9 85.56 2.14 5.58
11 91.13 0.7 5.63
-84 - oo kT



Appendix-Table 6 Effect of dyeing time and temperature on L*a* b*

of silk fabric dyed with Blueberry

solution of Abs. 7.041 (Treatment

condition: liquor ratio 1:200, temp. 407C, time 30min, pH 2.3, 3, 4.5, 6,

75,9, 11)
(cf. Figure 25, Figure 26, Figure 27, Table 10, Table 11)
Dyeing Condition CIE Lx*axb* (D65)
pH value L ax* b
2.3 62.24 14.48 1.58
3 51.64 15.21 3.93
45 52.46 9.32 0.55
6 58.97 491 -0.32
7.5 66.71 4.92 1.98
9 76.99 3.21 7.21
11 83.77 3.42 10
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Appendix-Table 7 Effect of dyeing time and temperature on L*a* b*

of silk fabric dyed with Red Cabbage (Treatment condition: liquor

ratio 1:200, temp. 40C, time 30min, Abs. 0.8, pH 2.3, 3, 45, 6, 7.5, 9,

11)
(cf. Figure 29, Figure 30, Table 12)
Dyeing Condition CIE Lx*axb* (D65)
pH value L ax* b
2.3 79.2 4.61 14.86
3 67.04 6.25 18.14
45 74.65 6.18 8.33
6 74.43 7.49 -6.06
7.5 76.56 6.49 -3.24
9 80.95 4.64 0.28
11 88.71 1.89 8.76
86 - A Lt g



Appendix-Table 8 Effect of pH values of silk fabrics dyed with

Blueberry (520nm)

and Red Cabbage(550nm)

(Treatment condition:

liquor ratio 1:200, temp. 40T (Blueberry), 80C(Red Cabbage), time

30min, pH 2.3, 3, 4.5, 6, 7.5, 9, 11, Abs. 0.8)

(cf. Figure 31)

pH value K/S value

pH2.3 0.38297

pH3 0.70592

pH4.5 0.63062
Blueberry

pH6 0.37203
(520nm)

pH7.5 0.1893

pH9 0.09062

pH11 0.03375

pH2.3 0.18478

pH3 0.51416

pH4.5 0.46333

RedCabbage

pH6 0.43251
(550nm)

pH7.5 0.30048

pH9 0.17859

pH11 0.04879
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Appendix-Table 9 Lightness of silk fabrics dyed  with
Blueberry(520nm) and Red Cabbage(550nm) (Treatment condition:
liquor ratio 1:200, temp. 40T (Blueberry), 80C(Red Cabbage), time
30min, pH 2.3, 3, 45, 6, 75, 9, 11, Abs. 0.8)

(cf. Figure 32)

pH value CIE L=
pH2.3 72.95
pH3 62.78
pH4.5 66.48
Blueberry

pH6 72.08

(520nm)
pH7.5 79.04
pH9 85.56
pH11 91.13
pH2.3 79.2
pH3 67.04
pH4.5 74.65

RedCabbage

pH6 74.43

(550nm)
pH7.5 76.56
pH9 80.95
pH11 88.71




Appendix-Table 10 Sample of silk fabrics dyed with Blueberry and

Red Cabbage (Treatment condition: liquor ratio 1:200, temp. 20, 30,

40, 60, 80C, time 30, 60, 90, 120min, Abs. 0.8)

Natural Colorant

Blueberry

Dyeing Condition
Temp Time
30min
60min
20C
90min
120min
30min
60min
30C
90min
120min
40C 30min

_89_

Red Cabbage




60min

90min

120min

60T

30min

60min

90min

120min

80T

30min

60min

90min

120min

_90_
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Appendix-Table 11 Sample of silk fabrics dyed with Blueberry and
Red Cabbage (Treatment condition: liquor ratio 1:200, temp. 40C, time
30min, pH 2.3, 3, 45, 6, 75, 9, 11)

Dyeing
N
Condition atural Colorant

pH value Blueberry Blueberry (diluted) Red Cabbage

2.3

4.5

7.5

11

~o1 - [ A=t
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