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In this study, the potential of Eremostachys sp. for wool fabric dyeing was evaluated.
The effects of dye concentration, pH, temperature, and dyeing time were investigated,
and the performance of metallic and plant-based mordants was compared in terms of
colorimetric and fastness properties. A dye concentration of 80%, pH 3, a
temperature of 80 °C, and a dyeing time of 75 min were selected as the optimum
dyeing conditions. The type of mordant had a significant effect on the spectral
behavior, colorimetric coordinates, and fastness properties of the dyed samples. Sn
produced the highest (K/S).xax (10.54), yielding a bright, highly saturated yellow hue,
whereas Cr provided a deeper hue with a (K/S)avwe of 2.60, along with wash and light
fastness ratings of 5 and 6-7, respectively. Among the plant-based mordants,
Carthamus tinctorius produced the highest (K/S)max (6.54), while Terminalia chebula
exhibited wash and light fastness ratings of 4-5 and 6-7, respectively. The dyed wool
samples exhibited a limited inhibitory effect against S. aureus and E. coli, with mean
inhibition-zone diameters of 0.92 and 0.84 mm, respectively.
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Figure 1: Photograph of Eremostachys sp. and the proposed
chemical structure of its possible colorant compounds.
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Table 1: Dyeing process variables and levels investigated during the determination of suitable dyeing conditions.

Step 1 Dye concentration 20, 40, 60, 80, 100
Step 2 pH 80
Step 3 Temperature 80
Step 4 Time 80

3,4,56,7 80 75
3 20, 40, 60, 80, 100 75
3 80 30, 45, 60, 75, 90
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Table 2: Color strength of wool fabric dyed with Eremostachys sp. extract during the determination of suitable dyeing conditions.

Dye concentration

%, owf
40 4 80
Step 1 60 4 80
80 4 80
100 4 80
80 3 80
80 4 80
Step 2 80 5 80
80 6 80
80 7 80
80 3 20
80 3 40
Step 3 80 3 60
80 3 80
80 3 100
80 3 80
80 3 80
Step 4 80 3 80
80 3 80
80 3 80

Saeced conion
& 80 75 174

75 2.23
75 3.50
75 3.87 *
75 3.60
75 4.15 *
75 3.87
75 3.34
75 2.89
75 2.61
75 1.08
75 1.83
75 3.29
75 4.15 #*
75 4.21
30 2.02
45 2.50
60 3.86
75 4.15
90 4.30
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Table 3: Colorimetric and fastness properties of wool fabric dyed with Eremostachys sp. extract using metal and plant-based mordants

. Wash Light
----- (K | (5

Control 72.79 . 23.26 23.27 88.17
Al 71.80 0.80 25.65 2.58 25.66 88.21 4.84 0.78 4 5-6
Cu 60.24 1.74 29.40 14.00 29.45 86.62 5.54 1.62 4-5 5-6
Fe 57.45 3.40 23.59 15.57 23.83 81.79 5.17 1.63 3-4 6
Cr 54.88 6.11 36.69 23.02 37.19 80.55 7.85 2.60 5 6-7
Sn 77.71 -2.28 67.47 44.58 67.51 91.94 10.54 2.15 4-5 5-6
Allium cepa 61.52 4.60 23.61 11.91 24.05 78.98 4.61 1.27 4 6-7
Terminalia chebula 69.74 1.40 26.97 4.84 27.00 87.03 4.69 0.91 4-5 6-7
Quercus infectoria 60.11 6.59 18.98 14.60 20.09 70.85 5.21 1.27 4 5-6
Carthamus tinctorius 61.27 0.95 34.99 16.44 35.01 88.45 6.54 1.79 4 5-6
Mangifera indica 60.09 6.24 20.13 14.18 21.07 72.78 5.03 129 4 5
Rhus coriaria 60.68 6.18 20.29 13.60 21.21 73.05 451 1.24 4 6
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Figure 2: Effect of metal and plant-based mordants on the reflectance spectra of wool fabric dyed with Eremostachys sp. Extract.
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Figure 3: Appearance of wool fabric samples dyed with Eremostachys sp. extract after pre-mordanting with metal and plant-based mordants.
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Figure 4: Distribution of mordanted wool fabric samples in the a*-b* after dyeing with Eremostachys sp. Extract.
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Figure 5: Distribution of mordanted wool fabric samples in the C*-L* after dyeing with Eremostachys sp. Extract.
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Figure 6: Maximum color strength of wool fabric dyed with Eremostachys sp. extract using metal and plant-based mordants.
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Figure 7: Average color strength of wool fabric dyed with Eremostachys sp. extract using metal and plant-based mordants.
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Figure 8: Proposed mechanisms for dye—mordant—fiber interaction.
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Table 4: Mean bacterial inhibition-zone width of undyed and
Eremostachys sp. extract-dyed wool fabrics.

Un-dyed (mm) Dyed (mm)
S. aureus 0.30+0.005 0.92+0.005

E. coli 0+0.000 0.84+0.009

1. Synergistic
2. Cross-linking
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