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Eco-Friendly Dyeing of Cotton Fabric with Anthocyanins Extracted from Red Cabbage:
Optimization of the Extraction Process and Comparative Evaluation of Natural and Metallic
Mordants

Majid Tehrani®*, Kimiya Khalili Samani

! Department of Art, Shahrekord University, Shahrekord, Iran
mtehrani@sku.ac.ir

Abstract

In this study, anthocyanins extracted from red cabbage were employed as natural dye for dyeing cotton fabrics. To optimize the dye extraction
process, a factorial experimental design was applied to investigate the effects of three independent variables: extraction solvent (distilled water,
ethanol, methanol, citric acid, and sodium hydroxide), extraction temperature (40°C, 60°C, and 90°C), and extraction time (1, 2, and 4 hours).
After analyzing the color strength (K/S) of dyed cotton fabrics obtained from each extract, the optimal extraction condition was identified.
Subsequently, the extract obtained under optimal conditions was used for dyeing in the presence of both metallic mordants (tin and aluminum)
and natural mordants (pomegranate rind and sumac). The results revealed that all three parameters, solvent type, extraction time, and extraction
temperature, significantly influenced the color strength, hue, and chroma of the dyed fabrics. The best result in terms of color strength (1.96) was
achieved using ethanol as a solvent, at 60°C and an extraction duration of 2 hours. Among the used mordants, tin provided the highest color
strength (1.96) and color saturation (21.03), while the natural mordants, pomegranate rind and sumac (rhus), yielded warmer and more varied
hues, along with superior light fastness (up to grade 6). The light fastness of the samples mordanted with tin and aluminum ranged from grade 4
to 4-5. Also, the results showed that all mordanted samples exhibited very good wash fastness (grade 4 to 4-5).

Key-words: Anthocyanin, Red cabbage, Cotton fabric, Extraction condition, Natural mordant.

Vo) aomio VE-F i) 08 Ly o,led —F 6 less -V F 6,50 Sligy 5 oles (5,5l 5 psle — ke MN



mailto:*mtehrani@sku.ac.ir
mailto:*mtehrani@sku.ac.ir

Sblv (s oS 9 (Sl b duzxo

e sy a2l (65,59

g so oalinl Dlrguin 55,5, Glp b LIS,
oo o] el Ot wle gla 2l (J ol b
5 55 2l 50 omb sl SUITL bl o5 oSS
Gieb Cosguzme g e Ll 4 Conles i
[ ol calons o 08,208 5,05 5 wle S,
bz slahy, Sl lges 635, o es dpe Sl
sl o pH o b g calire slaaslass 555, zl el

LAy o¥] o 5 eslinal 65,5,
7R ol il peilmgtl (8 a5 SbalS Sl (S
S el Bpany g pier Slmjew 51 (S 508 plS o
Sk 5o IS, eles g slaedss elys Joa
o8 olS lert laS 5 IVY] 05 o soliul lalie
Slga 5 aaaltyy doasigiglh dacyilwsil Jold bonse
Folasles Os7er Qimlst] aies o
Jgtae Topads D 5 Toasisny Finaatails JayeSols
il o8 o5 0 @l 5 GRan e S s, olxl
God oS e obessl e gl (O JSE)
2 S Joshe SO a5 el w3eS a8 Yrnaibow
ol oo o 4 350 4l ¥ oojled (n)F Coadse
Go jed oS aosbwgnsT noedle VY] ol
S el laJgigdle 5 LoDl wiile (5,500 slaadgigdle

D W)l 3 SlaeaST sl 5 okl wo olys

1. Cyanidin-3-glucoside
2. Delphinidin

3. Peonidin
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Dyed sample

Temperature | Solvent L* a* b* Cc* h° KIS | (KIS)r
Water | 69.98 | 1.39 | -11.84 | 11.92 | 276.69 | 0.48 -
Citricacid | 71.97 | 0.96 | -8.95 | 9.00 | 276.15 | 0.48 | 1.00
S Ethanol | 70.94 | 1.04 | -11.83 | 11.88 | 275.03 | 0.61 | 1.27
Methanol | 72.56 | -0.49 | -9.42 | 9.43 | 267.04 | 0.56 | 1.16
NaOH | 8362 | 0.75 | 0.17 | 0.77 | 12.78 | 0.27 | 0.56
Water 71.26 | 1.93 | -11.89 | 12.05 | 279.24 | 0.54 --
Citric acid | 70.67 | 2.34 | -12.26 | 12.49 | 280.79 | 0.57 | 1.05
3 Ethanol | 67.01 | 2.27 | -13.55 | 13.73 | 279.49 | 0.79 | 1.46
Methanol | 67.99 | 1.85 | -13.09 | 13.23 | 278.06 | 0.73 | 1.35
NaOH 84.87 | -0.42 | 3.79 3.81 | 96.27 | 0.18 | 0.33
Water 68.93 | 2.13 | -12.95 | 13.13 | 279.34 | 0.51 --
Citricacid | 69.24 | 2.72 | -10.81 | 11.14 | 284.12 | 0.54 | 1.05
& Ethanol | 71.46 | 2.13 | -11.96 | 12.15 | 280.10 | 0.66 | 1.29
Methanol | 70.90 | 0.00 | -11.04 | 11.04 | 269.99 | 0.61 | 1.19
NaOH 83.84 | 1.75 | 1.07 205 | 3159 | 0.23| 045

9 Joibl Gl Pl as” el ol snmolas polie ol (Y

Ol 4 e Faes 5 0alglil slapls slxl jo Jgilie

45 o S 5,000 Jlie )3 )l (5 e 0 Shes Slaite

) ) el g BB jsba S oo obml oL e

Y ooloy g ax,0 £ sloo) wlive Lyl i o 000 ooy

Leaigai (S5 (sloas e 5 o6 2 glieiad slayially 3G

ULM.\J YU LngJj.x? sesls .l svmliwe JJLB 5o

5 Jelte 5 Jeibl aile K slo P> a5 wiws oo

Oy (s ol il slapld b Pl plo b alis

Sade wele Vo gleg g az 0 £ glos Lyl i o aisS o

V=) aomio VEeFliee; 08 by o,led —F o,lads -VF 000 - Sligy 5 orlos (5 5lid 5 psle — GA;MIX‘




Sblw Lo LS g Sl b suxo

e Ay 425l (65,50

Frolos 1o Joilil 1o 058 o 5 Baas ol ibn sl s,
30 4S5 009y (Y Jgaz) YEEIV- ply 6l aygly jlade ax o
Lol sl oo il (Y Jga) YAQVE & ax o £ gloo
5 9,10 cweSae )....L az,0 Ve waz o Pl Lo il

PAINY LS o 0 55008 (sl a6 gl lade ((Celes
b*) 0,5 B, caamw 4y a8 Ll sauaslis a5 col
2 ol b e el oley g Les sl (AVR L1,
axo feoa bl zlseil gles iliElh wls K, 68

G 4y pB oss 5§ ) Dol Cogl Sl ol 5 il

gl 5loles g > 5 b 95 ko 5o oo il 0,0ae s o0 (53,50 4 (542l 555 (5o yiolly Y Jpox

Temperature | Solvent L* ax b* C* h° KIS | (K/S)k Dyed sample
Water 66.75 | 4.06 | -14.65 | 15.2 | 2855 | 0.56 --
Clrle | eso1 | 132 | -12.85 | 12.92 | 27588 | 054 | 0.96
g Ethanol | 71.1 | -0.89 | -9.6 | 9.64 | 264.7 | 0.8 | 1.42
Methanol | 71.31 | 2.63 | -13.25 | 1351 | 281.23 | 0.67 | 1.19
NaOH | 78.47 | 0.33 | 11.88 | 11.88 | 88.43 | 0.24 | 0.42
Water | 65.95 | 2.42 | -14.15 | 14.35 | 279.7 | 0.86 | --
(;ictiréc 67.42 | 458 | -14.75 | 15.45 | 287.25 | 0.75 | 0.87
3 Ethanol | 55.59 | 7.11 | -19.79 | 21.03 | 289.76 | 1.96 | 2.27
Methanol | 61.07 | 5.32 | -16.54 | 17.37 | 287.85 | 1.29 | 150
NaOH 83.36 | 3.33 8.79 9.4 69.23 0.3 0.34
Water | 68.96 | 0.09 | -10.27 | 10.27 | 270.48 | 0.66 | --
(;ictiréc 67.04 | 0.48 | -10.66 | 10.67 | 272.59 | 0.53 | 0.80
S Ethanol | 71.54 | -1.62 | -7.34 | 752 | 25752 | 0.76 | 1.15
Methanol | 72.2 | -0.91 | -7.59 | 7.64 | 263.18 | 0.57 | 0.86
NaOH |80.72 | 3.03 | 3.75 | 4.82 | 51.07 | 0.38 | 057
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Temperature | Solvent L* ax b* Cc* h° K/S | (KIS Dyed sample
Water | 69.29 | 2 | -13.77 | 13.91 | 278.28 | 0.64 | --
i';r('f 7152 | 256 | -12.21 | 12.48 | 281.83 | 0.52 | 0.81
S Ethanol | 7053 | 227 | -13.03 | 13.23 | 279.89 | 0.58 | 0.90
Methanol | 73.16 | -0.83 | -8.65 | 8.69 | 264.52 | 0.46 | 0.71
NaOH | 839 | 023 | 536 | 536 | 875 | 021 | 0.32
Water | 67.81 | -1.69 | -8.88 | 9.04 | 25022 | 0.71 | --
C;';réc 69.98 | 1.73 | -12.87 | 12.98 | 277.66 | 0.61 | 0.85
3 Ethanol | 72.05| 03 | -9.06 | 9.07 | 271.9 | 05 | 0.70
Methanol | 71.73 | 0.19 | -10.55 | 10.55 | 271.02 | 053 | 0.74
NaOH |83.28| 032 | 3.14 | 316 | 8417 | 0.2 | 0.28
Water | 7053 | 0.13 | -8.56 | 856 |270.86 | 0.56 | --
i‘g&c 68.11 | 271 | -10.3 | 10.65 | 284.75 | 0.66 | 1.17
S Ethanol | 71.62 | 1.13 | -10.83 | 10.89 | 275.94 | 0.52 | 0.92
Methanol | 70.87 | 0.98 | -10.07 | 10.11 | 275.57 | 0.49 | 0.87
NaOH |81.39| 055 | 372 | 3.76 | 81.61 | 0.25 | 0.44
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Solvent | Mordant type Dyed sample

Control

Al

Ethanol | Sn

Pomegranate rind

Rhus

Solvent | Mordant type Dyed sample
Control
Al

Pomegranate rind

Rhus

shio T 9 Joilil (G Mo 5 oud gl il (61555 9 chlizn Gbrailaio b sad (55,55 lamy goaz by ygai :F JSi

Wy Loy 50 0l ]yl o jlac g it glaailais b oud (65,55, 4y saz )l (S5, gl ylyl :F Jgaxr

Solvent Mordant type L* a* b* AE*ab Cc* he K/S fWash Light
astness | fastness

Control 73.14 | 539 | -4.12 - 6.78 322.62 | 0.39 3-4 3-4
Al 65.68 | 2.68 | -11.44 | 10.79 11.75 | 283.20 | 0.81 4-5 4-5

Ethanol | Sn 5559 | 7.11 | -19.79 | 23,59 | 21.03 | 289.76 | 1.96 4 4
Pomegranate rind | 68.23 | 9.77 4.42 10.78 10.72 2436 | 1.54 4-5 6
Rhus 70.48 | 11.84 | -3.95 6.97 12.48 | 341.53 | 0.60 4-5 5-6
Control 76.88 | 420 | -3.14 - 5.24 323.27 | 0.27 3-4 3
Al 61.63 | 5.10 | -15.92 | 19.91 16.72 | 287.76 | 1.24 4 4

Water | Sn 65.95 | 242 | -14.15 | 15.61 1435 | 279.70 | 0.86 4 4
Pomegranate rind | 73.55 | 7.14 3.02 7.59 7.75 22.92 | 1.03 4-5 5
Rhus 7357 | 9.25 | -1.93 6.15 9.45 348.24 | 0.57 4 5-6
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