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Plant dyes have been used in the dyeing process of peesipets for many years. In

this study, jujube fruit, a new source of plant dye, was introduced, and its dyeability
on wool yarn was investigated. The results showed that jujube is a vast source of
bioactive compounds and can be considered as a good ededidr wool dying
without any mordants. Response surface methodology was applied to optimize the
natural dying process and investigate the simple and simultaneous effects of the main
parameters. Results also showed that the value of the correlationceefiof the

model was high (97.60 %), and there was a low difference between the experimental
color strength value and the predicted value (0.64 %). So, the RSM method could
predict and optimize the wool dyeing process with few experiments. Jujube was fou

to have agronomic potential as a natural dye in wool dying, producing good fastness
properties without any mordants.
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Figure 1: Chemical structures of main phenolic compounds present in jujube
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Table 1: Process factors and levels at the dyeing procedure of wool
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Table 2: Total phenolic and tannin contents detected in traditional and 30 E ©v ¥ o A v a 1/2WT Y Q¢ y y A
ultrasonic extractiomethods as well as the extraction efficiency > ¢
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Figure 2: Schematic mechanism for the bioactive compound extraction from jujube by ultrasonic.method

, R - IS 28y Y ¢ %y whEs BE KB Y



Y)Y)EBR WAz v i Al v %é wisEeAy vi VOAEY S wW, o Ay *

why Aay CéewAy TAw~ %z ¢ ¢ %ol cwauCacocu %8v CAY

Table 3: The proposed experimental design of dyeing parameters and responses of dyed samples (color strength)

Independent Variables

Color Strength

Dyeing Dyeing

Dye C(())(nlc)eg)ration Temprature (X2) Time At e
(°C) (X3) (min)

1 2.00 70.00 40.00 3.741
2 5.00 70.00 40.00 9.360
3 2.00 100.00 40.00 4.520
4 5.00 100.00 40.00 9.442
5 2.00 70.00 70.00 4.160
6 5.00 70.00 70.00 9.572
7 2.00 100.00 70.00 5.533
8 5.00 100.00 70.00 10.285
9 0.98 85.00 55.00 1.440
10 6.02 85.00 55.00 10.856
11 3.50 59.77 55.00 6.530
12 3.50 110.23 55.00 10.272
13 3.50 85.00 29.77 8.130
14 3.50 85.00 80.23 9.504
15 3.50 85.00 55.00 9.441
16 3.50 85.00 55.00 9.299
17 3.50 85.00 55.00 9.507
18 3.50 85.00 55.00 9.364
19 3.50 85.00 55.00 9.512
20 3.50 85.00 55.00 9.392
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Figure 3: Effect of dye concentration and dyeing temperature on color strength of dyed samples
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Figure 4: Effect of dyeing temperature and dyeing time on color strength of dyed samples
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Figure 5: Effect of dyeing time and dye concentration on color strength of dyed samples
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Table 4: The analysis of the variance (ANOVA) for the selected model

. Seq SS | Contribution (%) | Adj MS Impact of variables

model 132.363 97.60 14.7070  45.25 0.000
Linear 3  105.707 77.95 35.2358 108.41 0.000 P
X1 1 97.770 72.09 97.7698  300.81 0.000 P
X2 1 6.252 4.61 6.2520 19.24 0.001 P
X3 1 1.686 124 1.6855 5.19 0.046 P
Square 3 26.220 19.33 8.7400  26.89 0.000 P
X1xX1 1 21.513 15.86 23.8303 73.32 0.000 P
X2xX2 1 3.018 2.23 3.4512 10.62 0.009 P
X3xX3 1 1.688 1.25 1.6884 5.19 0.046 P
2-Way Interaction 3 0.436 0.32 0.1452 0.45 0.725 =
X1xX2 1 0.230 0.17 0.2302 0.71 0.420 =
X1xX3 1 0.018 0.01 0.0178 0.05 0.820 =
X2xX3 1 0.188 0.14 0.1876 0.58 0.465 =
Error 10 3.250 2.40 0.3250
Lack of Fit 5 3.215 2.37 0.6430 91.78 0.000
Pure Error 5 0.035 0.03 0.0070
Total 19 135.613 100.00

R-square = 97.600

R-square (adj) = 95.4%
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Table 5: Color strength values obtained from experimental data and predicted model at optimum dyeing conditions

Optimum Dyeing Conditions Color Strength

Difference
%
Dye concentration (owf %) | Dyeing Temperature (°C) | Dyeing Time (min) | Experimental Data | Regression Model (%)
70 85 55 9.503 9.442 0.64
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Figure 6: Normal probabilityand residual plots for final responses obtained from dyeing variables
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Table 6: CIELAB system of dyeing wool samples with jujube

1 -

85.74 -0.07 15.72

2 62.59 8.81 27.83 27.59

3 59.71 8.30 43.26 38.81 -

1- Pristine yarn
2-Dyed yarns wittthe dye extracted by traditional method
3-Dyed yarns with the dye extracted by ultrasonic method
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Table 7: Wash and light fastness properties of the dyed samples with jujudgiatum dyeing condition

Dyed yarns with the dye extracted by traditional mett 5 4-5
Dyed yarns with the dye extracted by ultrasonic mett 6 4-5
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Figure 7: Hue angle and chroma of various samples dyed with the dye extracted by traditional and ultrasonic methods
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