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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 Tehranit*, 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
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Temperature | Solvent L* a* b* Cc* h° KIS | (KIS)r Dyed sample
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
<4 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 --
Citricacid | 70.67 | 2.34 | -12.26 | 12.49 | 280.79 | 0.57 | 1.05
2 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
s 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
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Temperature | Solvent L* a* b* c* h° KIS | (KIS)r Dyed sample
Water 66.75 | 4.06 | -14.65 | 15.2 | 2855 | 0.56 --
2‘;{&0 68.91 | 1.32 | -12.85 | 12.92 | 275.88 | 054 | 0.96
= Ethanol | 71.1 | -0.89 | -9.6 9.64 | 264.7 0.8 1.42
Methanol | 71.31 | 2.63 | -13.25 | 13.51 | 281.23 | 0.67 1.19
NaOH 78.47 | 0.33 | 11.88 | 11.88 | 88.43 | 0.24 0.42
Water 65.95 | 242 | -14.15 | 1435 | 279.7 | 0.86 --
C;I(;{Ir:jc 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 1.50
NaOH | 83.36 | 3.33 8.79 94 69.23 0.3 0.34
Water 68.96 | 0.09 | -10.27 | 10.27 | 270.48 | 0.66 --
Clrle | 67.04 | 048 | -1066 | 10.67 | 27250 | 053 | 0.80
S Ethanol | 71.54 | -1.62 | -7.34 | 7.52 | 257.52 | 0.76 1.15
Methanol | 72.2 | -0.91 | -7.59 | 7.64 | 263.18 | 0.57 0.86
NaOH 80.72 | 3.03 3.75 482 | 51.07 | 0.38 0.57
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Temperature | Solvent L* a* b* Cc* he K/S | (K/S)r Dyed sample
Water | 6929 | 2 | -13.77 | 13.91|278.28 | 064 | -
Ca'ctlrc'f 7152 | 256 | -12.21 | 12.48 | 281.83 | 0.52 | 0.81
= Ethanol | 70.53 | 2.27 | -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 | 83.9 | 023 | 536 | 536 | 875 | 0.21 | 032
Water | 67.81 | -1.69 | -8.88 | 9.04 |259.22 | 0.71 | -
Ca'ctlréc 69.98 | 1.73 | -12.87 | 12.98 | 277.66 | 0.61 | 0.85
3 Ethanol | 72.05| 0.3 | -9.06 | 9.07 | 271.9 | 05 | 0.70
Methanol | 71.73 | 0.19 | -10.55 | 10.55 | 271.02 | 0.53 | 0.74
NaOH |83.28 | 032 | 3.14 | 3.16 | 8417 | 0.2 | 028
Water | 7053 | 0.13 | -8.56 | 8.56 | 270.86 | 0.56 | -
Ca'(flr('jc 68.11 | 271 | -10.3 | 10.65 | 284.75 | 0.66 | 1.17
2 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 | 376 | 81.61 | 0.25 | 0.44
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Solvent Mordant type L* a* b* AE*ab Cc* he K/S fWash Light
astness | fastness
Control 73.14 | 539 | 412 - 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 55.59 | 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 | 34153 | 0.60 4-5 5-6
Control 76.88 | 4.20 | -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 14.35 279.70 | 0.86 4 4
Pomegranate rind | 73.55 | 7.14 3.02 7.59 7.75 2292 | 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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