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Abstract

Due to increasing awareness about the environmental impacts of oil-based synthetic
dyes used in textile coloration, the research on natural dyes from sustainable resources
has gained importance again. In this study, the ultrasound-assisted extraction (UAE)
technique was employed for the extraction process of colorants from Hawthorn fruits.
Various solvents (e.g., methanol, acetone, ethanol, water, a mixture of ethanol and water)
were used for the extraction process. Compared to the conventional extraction technique,
the UAE technique was found to improve the extraction efficiency between 20 and 70%
depending on the type of solvent. The synergistic dye extraction efficiency was observed
when a mixture of water and ethanol was used for conventional and UAE processes, and
consequently, W1/4E was selected as the most efficient mixture. The important parameters,
such as dried fruit powder concentration, initial pH, extraction time and temperature, were
optimized using the response surface methodology (RSM). A second-order polynomial
model was developed for estimating the extraction efficiency based on the important
initial parameters. The maximum extraction yield was achieved at the initial dried fruit
powder of 8 g/L, at pH 5, 60 °C after 40 min. Three main flavonoids (i.e., quercetin,
rutin, kaempferol) were detected in the extracted solvent from Hawthorn fruits by FTIR
and HPLC techniques. Polyamide (nylon 6) fabric was successfully dyed by the extracted
natural colorants with relatively high colorfastness properties. The dyed fabric also showed
remarkable antimicrobial properties against E. coli and S. aureus. This study indicated that
the natural colorants extracted from Hawthorn fruits were promising for textile coloration
with noticeable antioxidant and antimicrobial properties.
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1 Introduction

Hawthorn (Crataegus elbursensis) has been used as medicine and food for centuries.
Many medicinal properties of Hawthorn are originated from the presence of proantho-
cyanidin and flavonoids (Liu et al. 2010). Hawthorn fruits are rich in (a) sugar and sugar
alcohols such as fructose and glucose, (b) organic and phenolic acids such as citric and
gallic acids, (c) essential oils like monoterpenoids and sesquiterpenoids, and (d) phenyl-
propanoids such as hydroxycinnamic acids, monolignols, and flavonoids (Urbonaviciute
et al. 2006; Arslan et al. 2011; Edwards et al. 2012). Epicatechin, hyperoside, and chlo-
rogenic acid are 3 components of this fruit with free radical scavenging property (Kwok
et al. 2010; Jurikova et al. 2012). Flavonoids are responsible for Hawthorn’s color, and
more than 50 flavonoids (e.g., quercetin, kaempferol and their derivatives as quercitrin,
hyperoside) have already been isolated from the fruit so far (Fig. 1) (Edwards et al.
2012; Jurikova et al. 2012; Yang and Liu 2012; Kumar et al. 2012). Some of these flavo-
noids also have gastroprotective, anti-inflammatory, and antimicrobial properties. Haw-
thorn shrubs with small black-colored fruits can be found in the forested regions in the
north of Iran.

Traditionally, natural dyes are extracted from plants or animals with hot/boiling
water. Such extraction process may have limited yield due to the high polarity of
the water and hydrolyze some of the chemical structures, especially at elevated
temperatures. Thus, it is essential to find more advanced extraction methods with higher
efficiency, less environmental impact, and lower energy consumption. Natural colorants
are often firmly integrated to the cell wall of plants, and an ideal extraction method
should be able to efficiently facilitate the release and transport of the colorants into the
solvent (Ali et al. 2009; Santis and Moresi 2007; Sivakumar et al. 2011). In recent years,
various new technologies such as microwave and ultrasound have been employed for the
enhancement of the extraction efficiency (Ali et al. 2009; Santis and Moresi 2007). The
use of ultrasonic-assisted extraction (UAE) of colorants has been a subject of research
since 1963 (Lott and Demaggio 1963; Djilani et al. 2006; Chen et al. 2007; Melecchi
et al. 2006). The high power of ultrasound (20-100 kHz) can be used for extraction
intensification and enhancement. Upon ultrasound irradiation of liquids, micro-bubbles
grow, vibrate very quickly, and even erupt aggressively at high pressures. These exciting
micro-bubbles can damage the solid surface and initiate some micro-channels and pores
(Feng et al. 2011). Moreover, the heat and mass transfer is promoted in the liquid phase
near the particles and through the channels by disrupting the cell walls (Sivakumar et al.
2009; Mason et al. 1996).

HO"HO OH

Quercetin Rutin Kaempferol

Fig. 1 Chemical structures of the main flavonoids in hawthorn fruits (Lucconi et al. 2014)
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Natural dyes are considered environmentally friendly and sustainable materials
with minimum harmful chemicals during their photosynthesis. Some of these natural
dyes have noticeable antimicrobial and antioxidants activities. Therefore, they can
be used for simultaneous coloration and antimicrobial finishing of textiles (Safapour
et al. 2018; Arslan et al. 2011). Compared to the production cost of petroleum-based
synthetic dyes, the extraction of natural dyes can be relatively cheaper. If the extraction
and application of these natural dyes can be optimized with promising results, the mass
production (scaling-up) can be easily justified due to sustainability, biodegradability, waste
minimization, and saving the environment.

To the best of our knowledge, the current research is the first study on using natural dyes
extracted from Hawthorn fruits for the coloration and antimicrobial finishing of polyamide
fabric. This study presents the optimization of UAE extraction using the RSM method. The
UV-visible, FTIR, and HPLC techniques are used for the characterization of the extracted
colorants. The extracted colorants are used for dyeing polyamide fabrics. The color strength
and colorfastness properties (i.e., washing, light, rubbing) of the dyed polyamide samples
are determined according to the standard test methods.

2 Experimental
2.1 Materials and equipment

Ripe Hawthorn fruits were harvested from Galugah (Mazandaran, Iran) in October 2018.
Ethanol, methanol, acetone, sulfuric acid, and sodium hydroxide were of analytical
grade from Merck Company. Polyamide 6 knitted fabric (101 g/m?) was purchased from
the local market and scoured by a nonionic detergent (Lotensol, Hansa). a,a-diphenyl-f3-
picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich. Escherichia coli (E. coli) and
Staphylococcus aureus (S. aureus) bacteria and the antimicrobial testing kits were obtained
from Iranian Research Organization for Science and Technology (IROST).

Ultrasonic extraction was conducted in a double-jacketed cell within a 3L ultrasonic
cleaning bath (Sonorex DT/DL/RK100/102(H)-UK). Fourier transform infrared (FTIR)
spectra were recorded by Nicolet (USA) using KBr pellets. The extracted colorants
from hawthorn fruit were analyzed by HPLC (Merck-Hitachi with diode array detector
Hitachi L-2450). A sample dyeing machine (Smart dyer rapid sd-16, India) was used for
sample dyeing. A UV-Vis spectrophotometer (Cecil 9200 double-beam, the UK) was
used for assessing the extraction yield of the colorants by measuring the absorbance of
the solution. The surface reflectance of the dyed samples was determined by a color-eye
portable spectrophotometer (X-Rite Inc., USA, D65 illumination, 10° Standard Observer
coordinates).

2.2 Extraction process

Hawthorn fruits were chopped into several pieces, and their seeds were removed. The pulp,
along with the skin, was dried at 40 °C for 24 h, powdered, and sieved to an average size
of about 20 pm. The powder was used for further extraction study using various solvents
under the same conditions. The absorbance of the solvent was measured using a UV-Vis
spectrophotometer after appropriate dilution.
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2.3 Optimization of the UAE process

A mixture of ethanol and water (W1/4E) was selected as the most efficient medium for the
extraction of natural colorants from the fruits. The response surface methodology (RSM)
with central composite design (CCD) was used for the optimization of the UAE conditions
using “MiniTab” statistical software (Ver. 4). Some preliminary screening tests were
carried out to determine the appropriate range of the effective parameters on extraction
(i.e., initial concentration of dried fruit in the solvent, extraction time, temperature, and
pH). Four independent variables at 5 levels were selected for further RSM analysis, as
shown in Table 1.

The extraction efficiency was calculated by a second-order polynomial model (Eq. 1)
(Sivakumar et al. 2009; Sinha et al. 2012):

n—=1 n

n; =by + Zn: bix+ i bii)ci2 + Z Z bijxi)gi (D
i=1 i=1 i=1 i=l

where 1 is the absorbance value, b, is the constant coefficient, b; is the linear coefficients,
b; is the quadratic coefficients, by is the interaction coefficients, and x;, x; are the coded
values of the variables.

Analysis of the variance (ANOVA) was used for statistical analysis of the model and
determining the relationship between a response variable and 1 or more independent
variables. The squared multiple correlation coefficient (R%), also known as the proportion of
the variance, was obtained for the model. This coefficient was used to evaluate the selected
model and to calculate the error between the real model and the theoretical one. A model
with perfect predictability would have R?=1. The optimum conditions were selected by
examining the surface plots to achieve the highest response level (i.e., maximum extraction
efficiency) and suggested factor levels (Sivakumar et al. 2009; Sinha et al. 2012).

2.4 HPLC analysis

HPLC was used to analyze the flavonoids compounds present in hawthorn fruits. The
mobile phase deionized water/methanol/acetonitrile/acetic acid/phosphoric acid with
fraction 139.5: 70: 50: 0.25: 0.25 mL (V/V) was injected into the HPLC column (Waters
Nova-Pak C18 columns, 8 X 100 mm) and eluted at a flow rate of 0.6 mL/min with a mobile
gradient phase (pH 2.9). The extracted dye (20 pl) was injected into the column of HPLC,
and the amount of quercetin, rutin, and kaempferol was characterized via comparison of
the retention time and the surface area under the peaks with standard samples and finally
expressed in mg/g of the dry weight of fruit.

2.5 Dyeing and fastness properties

The polyamide fabric was scoured with 5 g/L. nonionic detergent at 60 °C for 20 min,
liquor-to-goods ratio (L.R)=40:1, and then rinsed and air-dried. The fabric samples (2 g)
were dyed at different initial dye concentrations (25-100%o0.w.f.), at 100 °‘C, L.R of 50:1, at
pH 5 for 1 h. Finally, the dyed samples were removed, rinsed with water, and then dried at
room temperature.
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Table 1 Selected 4 variables and their levels for a surface design

Independent variable Factor Range and level

X; —a -1 0 1 +o
Dried powder of fruit (g/L) X, 2.0 4.0 6.0 8.0 10.0
Initial pH X, 3 5 7 9 11
Time contact (minute) X3 10 20 30 40 50
Temperature (°C) X, 30 40 50 60 70

The Kubelka—Munk equation (Eq. 2) was used to determine the color strength of the
dyed samples by measuring the reflectance of the dyed samples (Sadeghi-Kiakhani and
Safapour 2016; Wyszecki and Stiles 2000).

2
k_(1-F) @)
S 2R
where K, S, and R are the light absorption coefficient, the scattering coefficient, and the
reflectance of the dyed samples, respectively. The colorimetric data were measured 3 times
to have a standard deviation of <4%.

Colorfastness properties of the dyed samples were measured according to the ISO
standard methods. Gray scales were used for the assessment of change in color or staining,
on a scale of 1-5 (with 4 half steps), with 5 being excellent and 1 being poor. The transfer
of color from the test specimen to an adjacent white fabric was evaluated by an observer
(human expert) by placing the samples in a light cabinet under the D65 daylight illumina-
tion. Standard ISO 105 C06 C2S:1994 (E) method was used to measure the washing fast-
ness properties after washing the dyed samples at 60 °C for 30 min. The change in color
of the dyed samples and staining on adjacent white samples were analyzed by the gray
scales. The rubbing fastness property of the dyed samples was determined according to the
ISO105-X12:1993 (E) standard method. The gray scale was used to measure the staining
on the adjacent fabrics. The lightfastness of the dyed samples was evaluated by the stand-
ard ISO 105 B02:1994 (E) method. The samples were radiated under xenon arc lamp, and
a blue scale on a scale of 1-8 was used for the assessment of the change in color, with 8
being excellent (no fading) and 1 being very poor (severe fading). The perspiration fastness
properties of the samples in acidic and alkali solutions were measured according to stand-
ard ISO 105—E04:1994 (E) method using the gray scales (Sadeghi-Kiakhani and Safapour
2016; Sadeghi-Kiakhani et al. 2015).

2.6 Antimicrobial test

According to AATCC 100-2004 standard test method, Escherichia coli (E. coli) and
Staphylococcus aureus (S. aureus) bacteria were used for measuring the antimicrobial
activity of the samples. The antimicrobial efficiency was determined by comparing
the reduction in the number of bacterial colonies of the treated sample with that of the
untreated control after incubation at 37+2 °C for 18 h. The microbial inhibition was
determined by the reduction in the number of colony-forming units (CFU) with respect to
untreated control sample using Eq. 3:
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B-A

R% = ( ) x 100 3)
where R is the reduction percentage of the bacterial count and B and A are the surviving
cells (CFU/mL) for the flasks containing dyed polyamide samples and raw polyamide as
control, respectively.

2.7 Antioxidant activity test

a,a-diphenyl-p-picrylhydrazyl (DPPH) free radical scavenging test was used to evaluate
the antioxidant activity of the raw and treated samples (Rabiei et al. 2012; Kedare and
Singh 2011). Briefly, a fabric sample (2.5 cm?) was immersed in DPPH methanol solution
(0.15 mM, 40 mL) and dark-incubated at room temperature for 30 min. The color change
from violet to pale yellow was observed, and the absorbance of the solution was measured
with a UV spectrophotometer. The DPPH free radical scavenging activity was calculated
using Eq. 4.

C-D

Antioxidant activity (%) = % 100 4)
D and C are the absorbance values of the dark-incubated solutions at A=517 nm for the
dyed and undyed samples, respectively.

3 Results and discussion
3.1 Solvent extraction efficiency

One of the most important factors on the yield of extraction and solubility of dyes is the
polarity of solvents (Ong et al. 2000; Tehrani-Bagha et al. 2012). Table 2 shows that the
extracted dyes in a very polar solvent like water have A, =490 nm, while the A, of
the extracted dyes in a less polar solvent like ethanol is about 537 nm. This shows that
a range of flavonoids (Fig. 1) with different polarities can be extracted with various A,
(Urbonaviciute et al. 2006; Arslan et al. 2011). Interestingly, the A, of the extracted dyes
in acetone, with very close polarity index to those of methanol and ethanol, is 447 nm,
which is 90 nm less than that in ethanol. The extraction temperature was kept as low as
40 °C to protect the susceptible colorants against degradation at elevated temperatures
(Chen et al. 2007). Table 2 shows that the sonication had enhanced the extraction efficiency
noticeably in the presence of various solvents. The ultrasound waves exert negative
pressure on the liquid, pulling the molecules away from one another. Above a certain
threshold, the pressure overcomes the attractive intermolecular forces between solvent
molecules, and micro-bubbles are formed, which enhances the dye extraction from plants
(Chen et al. 2007; Ou et al. 1997).

In conventional and UAE methods, the mixture of water and ethanol showed
significantly higher extraction efficiency than the sum extracted by each of the
individual solvents. Although the extraction of flavonoids from Hawthorn fruit had been
previously reported in a mixture of ethanol and water (Rabiei et al. 2012), the current
study is probably the first report showing the synergistic effect of the binary solvents.
The flavonoids are tightly bound inside the cellular matrix of the fruit. Probably, the
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mixture of water and ethanol can extract a broader range of flavonoids and open more
channels (i.e., facilitate the solvent penetration and perturb the complex structure)
within the cellular matrix of the fruit, which enhances the extraction efficiency.

Figure 2 shows the concentration of the extracted dyes using various solvents as
a function of time, presenting the kinetic of extraction as well as the time needed for
reaching the equilibrium. The complete extraction achieved for various solvents after
1 h. The highest dye extraction was achieved in the presence of water 1:4 ethanol
(W1:4E).

3.2 Response surface analyses

Since W1/4E was the best solvent for the extraction of the colorants from Hawthorn fruits,
the response surface method with CCD (Sect. 2.3) was used for the optimization of the
UAE conditions. Accordingly, 31 extraction recipes were tested, and the absorbance of the
filtered solutions was obtained (Table 3). The maximum extraction yield was achieved at
pH 5 at 60 °C after 40 min. Also, the effects of the mass of fruits, time pH, temperature,
and time extraction on dye extraction are investigated in the following.

3.2.1 Effect of the mass of fruit on extraction

Figure 3 shows the 3D plots of the selected variables on the extraction process of natural
colorants. As shown in Fig. 3a, the absorbance increased by increasing the fruit mass up
to 8.0 g/L. The amount of available dye molecules for extraction increases by increasing
the initial concentration of dried fruit powder (Spyroudis 2000; Ho et al. 2008).

3.2.2 Effect of initial pH

The effects of initial pH (X;) and time contact (X;) on the extraction process can be seen
in Fig. 3b. The absorbance of the solution after extraction sharply was increased by reduc-
ing the pH value. The addition of acid serves to increase the polarity of the solvent and to
degrade the cellulosic cellular matrix of the plants. This improves the accessibility of the
solvents to the interior of the matrix and enhances the colorants extraction, especially for
anthocyanins with very polar structures (Wrolstad 2004). The acidic extraction medium is
also favorable to protect the susceptible extracted species (e.g., anthocyanin, polyphenols,

Table 2 The extraction efficiency of various solvents with or without sonication

Method Factor w E M A W4:1E WI:1E WI4E

Conventional Amax 488 538 489 445 508 538 538
Abs 0.005 0.041 0.023 0.021 0.042 0.117 0.172

UAE Amax 490 538 488 447 507 537 537
Abs 0.019 0.058 0.035 0.025 0.112 0.186 0.247

UAE extraction condition: 2 g/L dried fruit powder in each solvent, temperature =40 °C, time =30 min

E ethanol, W water, M methanol, A acetone, C extracted dye concentration, UAE ultrasound-assisted
extraction, Abs absorption
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flavonoids, and hydroxyl acids) against the chemical hydrolysis at elevated pH. As an
example, the absorption maximum of anthocyanins in the most stable form (oxonium or
flavylium cation) is at pH 1.0 (Fig. 4), and a bright orange-red color is produced by the
pigment. By increasing the pH to 4.5, anthocyanin turns into colorless chalcone/hemiketal
forms, and a cyanidin-3-glucoside molecule generates an oxonium ion with orange-red
color at pH 3.0 (Wrolstad 2004). The color of anthocyanins changes to blue—green at pH
above 7 (in their quinonoidal form), as can be seen in Fig. 4.

3.2.3 Effect of temperature

By increasing the temperature, the fruit powder swallows more, and the solvent can
penetrate and diffuse inside the microstructure of the powder. The higher permeability of
the cell walls of the fruit and lower viscosity of the solvent at elevated temperatures are 2
reasons that enhance the extraction efficiency from the fruits (Tan et al. 2011; Al-Farsi and
Lee 2008). Moreover, the solubility of the colorants increases in solvents by temperature,
which results in higher extraction efficiency (Fig. 3c). It should be noted that the extracted
colorants are prone to chemical degradation/oxidation with the change of color at higher
temperatures (>60 °C) (Chen and Wu 2009; Dai and Mumper 2010; Rhim 2002; Dyrby
et al. 2001) due to the presence of glycosidic bond in their chemical structures. The
thermo-degradation of anthocyanins has been primarily reported to follow first-order
kinetics (Ahmed et al. 2004; Wallace and Giusti 2008).

The exposure of plant tissue to heat weakens the phenol-protein and phenol-
polysaccharide interactions; thus, more phenolic compounds can be transferred to the
solvent. However, due to the instability of some of the species, the extraction temperature
should be optimized and controlled during the process (Wang et al. 2007).

0.3

= = = =UAE,WI4E
& |, _esermemimrmrmrTy - - - — UAE,WLIE
,E —&— UAE, W4:1E
% —— UAE, Ethanol
E . —— UAE. Methanol
8 -=X%=--UAE, Acetone
--m--UAE
--------------------- =
80 100 120 140

Time (min)

Fig.2 Effect of various solvents on the UAE process. Extraction condition: 2 g/L dried fruit powder in vari-
ous solvents; extraction temperature 40 °C
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Table 3 .Full fgctorial central Run Mass (g/L) pH Time (min) Temperature Absorbance
composite design for the “C)

extraction of the colorants from Exp. Pred.
Hawthorn fruits in water 1:4

ethanol under various conditions 1 6.0 7 10 50 0.220 0.192
2 4.0 9 40 60 0.160 0.168
3 8.0 9 40 60 0.270 0.299
4 4.0 5 40 60 0.540 0.558
5 2.0 7 30 50 0.160 0.127
6 8.0 9 20 40 0.150 0.185
7 4.0 9 20 60 0.100 0.086
8 6.0 7 30 50 0.410 0.432
9 8.0 5 20 40 0.300 0.284
10 4.0 5 40 40 0.257 0.271
11 6.0 330 50 0.610 0.566
12 6.0 7 30 50 0.442 0.432
13 6.0 7 30 30 0.237 0.190
14 6.0 7 30 70 0.440 0.440
15 6.0 7 30 50 0.442 0.432
16 4.0 9 40 40 0.090 0.100
17 6.0 7 30 50 0.442 0.432
18 8.0 5 20 60 0.432  0.466
19 6.0 7 30 50 0.442 0.432
20 4.0 5 20 60 0.280 0.299
21 6.0 7 30 50 0.410 0.432
22 6.0 11 30 50 0.080 0.077
23 8.0 5 40 60 0.832 0.794
24 8.0 5 40 40 0.342  0.409
25 8.0 9 40 40 0.160 0.133
26 100 7 30 50 0.341 0.327
27 4.0 9 20 40 0.190 0.220
28 8.0 9 20 60 0.170  0.148
29 4.0 5 20 40 0.191 0.215
30 6.0 7 50 50 0.420  0.400
31 6.0 7 30 50 0.440 0.432

3.2.4 Effect of contact time

The increase in the absorbance by increasing the extraction time can be seen in Fig. 3d.
However, the ultrasound power may degrade the extracted compounds over a long
time, and the optimum time of extraction should be carefully selected. This effect is
correlated to ultrasound power, the stability of color compounds, and solvents as a
medium. Based on the trend shown in Fig. 3d, the suitable time of the UAE method was
found to be 40 min. The formation and bursting of small micro-bubbles in UAE with
very high pressure at the surface of the powder increase the agitation and enhance the
extraction efficiency. However, extending the duration of the UAE process can increase
the chance of degradation/oxidation of the extracted colorants in solution because
of more exposure to oxygen, which is not favorable (Shaukat et al. 2009; Naczk and
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Fig.4 The chemical structures of anthocyanin at various pH values (Wrolstad 2004)

Shahidi 2004). The decrease in phenolic content could also be due to the endogenous
enzymatic degradation of the phenolic compounds over a prolonged extraction period
(Kuljarachanan et al. 2009).

3.2.5 Development of the regression model equation

The regression coefficients and the statistical values of the response function for the
extraction process are summarized in Table 4. The regression model equation was
developed based on the RSM results (Eq. 5). The validity of the response surface quad-
ratic model was confirmed by a low error of 4.5% between the experimental and theo-
retical values. Also, the model validity confirmed by analysis of variance (ANOVA) is
reported in Table 4. The p-values are <0.0001 that demonstrates the selective factors on
the extraction tests are very impressive.

n(absorbance) = —2.014 + 2.761 Cy + 0.278 pH + 0.010 Time
+ 0.032 Temp —5.136 Cyy. X Cyy. —0.006 pH X pH
—0.0003 Time X Time — 0.0002 Temp x Temp — 0.130 Cyy,
x pH + 0.017 Cyy. X Time + 0.024 Cy,. X Temp — 0.002 pH X

Time —0.002 pH X Temp + 0.0005 Time X Temp
&)

3.2.6 Model validation

As can be seen in Table 5, the proposed second-order polynomial equation (Eq. 5) was
statistically significant (P <0.05). The model exhibited a high R*-value of 97.44% for
the dye extraction, which showed its accuracy. The results indicated that the adjusted
R%-value was acceptable (95.20%) and close to the R2-value of the model that verified a
good fit of the polynomial model and its reliability. The plots of normal probability and
residuals against the fitted values are shown in Fig. 5. The presence of data inside the
red area marked in Fig. 5a and straight linear relation (Fig. 5b) showed that the normal-
ity assumption was met, and there was a meaningful relation between the predicted and
experimental values by the model.
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3.3 Characterization of the extracted colorants
3.3.1 FTIR analysis

To determine the functional groups of the extracted colorants, the extracted samples were
analyzed by FTIR spectroscopy. Dissimilar peaks at 3333, 2923, 1732, 1230, 1037(C-0),
883, and 592 cm™' were observed in the FTIR spectral (Fig. 6). The broad and strong
bands at 3333 cm~'-2923 cm™! were attributed to —OH groups and C—H symmetry stretch-
ing vibration, respectively. -C=0 stretching in carbonyl groups appears as a strong peak
at 1732 em™!, and CH=CH stretching vibration is visible at 592 cm (Jurikova et al. 2012).

3.3.2 HPLC analysis

A large number of chemical compounds (e.g., sugar, phenolic acids, flavonoids, etc.) have
already been detected and identified in the extracted solution from Hawthorn fruits with
different techniques (Edwards et al. 2012; Jurikova et al. 2012; Yang and Liu 2012; Kumar
et al. 2012; Lucconi et al. 2014). HPLC was used for analyzing the extracted solution, as
described in Sect. 2.4. Figure 7 shows the peak positions of the extracted flavonoids; rutin
was found to be the most dominant and mobile species in the extracted solution. Compared
to other extracted species (Fig. 1), rutin has higher polarity and a tendency to be dissolved
in the HPLC solvent and move through the column. Therefore, it appears faster than other
compounds available in Hawthorn fruits. The other 2 peaks with longer retention time
were assigned to quercetin and kaempferol (Jurikova et al. 2012; Kumar et al. 2012; Luc-
coni et al. 2014).

The results indicated that the amounts of the compounds in the extract of Hawthorn
fruits were as follows: rutin > kaempferol > quercetin. It was found that the concentration
of these compounds in the extract was high, so, it can be used for dyeing of textiles,
antioxidants, antimicrobials, and medical textiles.

Table 4 The correlation

coefficient between the 4 Term Coefficient SE Coefficient t-Value p-Value

main factors and their binary Constant 0432 0.014 3074 0.000

interactions
X, 0.05 0.007 6.58 0.000
X, —0.122 0.007 —-16.09 0.000
X5 0.051 0.007 6.84 0.000
X, 0.062 0.007 8.23 0.000
XX, —0.051 0.006 —7.38 0.000
X, X, -0.027 0.006 -3.98 0.001
X3X; —0.033 0.006 —4.88 0.000
XX, —0.029 0.006 —4.22 0.001
XX, —0.026 0.009 —2.81 0.012
X X5 0.017 0.009 1.85 0.083
XX, 0.024 0.009 263 0018
X, X5 —0.044 0.009 —4.75 0.000
X, Xy —0.054 0.009 -5.87 0.000
XXy 0.050 0.009 5.45 0.000
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Table 5 Variance analysis for the extraction process
Source Degree of Sum of squares Mean square (MS) Faistics P
freedom (DF) (SS)
Model 14 0.844 0.060 43.50 0.000
Linear 4 0.577 0.144 104.17 0.000
Square 4 0.121 0.030 21.86 0.000
Interaction 6 0.145 0.024 17.49 0.000
Residual error 16 0.022 0.001
Lack of fit 10 0.020 0.002 8.71 0.008
Pure error 6 0.001 0.0002
Total 30 0.866
S=0.0372343; R-Sq=97.44%; R-Sq (pred.) =85.98%; R-Sq (adj.) =95.20%
. 30
g 9 .
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2 154 ° ° . £ 957 e
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Fig. 5 Normal probability plot and residual versus fits

3.4 Dyeing and fastness properties

The dried fruit powder without extraction (i.e., raw dye powder) and the extracted powder
after extraction under optimum conditions were used for the dyeing of polyamide fabric,
as explained in Sect. 2.5. The color strength (K/S) values of the dyed polyamide samples
as a function of initial dye concentration are shown in Fig. 8. The results indicated that
the complete color saturation of the polyamide fabric was achieved at the extracted dye
powder initial concentration of 50% o.w.f. The K/S values of the samples dyed with raw
dye powder were also noticeable. Because the dyeing process was carried out at boiling
temperature and can be considered as an extraction bath for the dried fruit powder, both
the extraction of the colorants and dyeing process can be performed simultaneously in the
same bath, as can be seen in Fig. 8, which is noteworthy from energy consumption and
environmental points of view.

Light-, wash-, and rub-fastness properties of the dyed polyamide fabrics were
evaluated and are presented in Table 6. The wash-fastness of the dyed sample was very
good (4-5), which showed the presence of hydrogen bonding, in addition to nonpolar van
der Waals interactions, between the colorants and polyamide fabric (Ismal and Yildirim
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Fig.6 FTIR spectra of the dye extracted from hawthorn fruits

2012). Rubbing fastness of the dyed samples in both dry and wet conditions was suitable.
The lightfastness of fabrics was also very good to excellent (7) due to the presence of
flavonoids with a free radical scavenging effect that could reduce the density of electrons
in chromophore (Ghouila et al. 2012). The color change in perspiration fastness properties
of samples in acidic and alkaline media was very good (4-5), and the staining of adjacent
fabrics was excellent (5). The color staining on adjacent white fabrics was low and
indicated the stability of the adsorbed dyes on polyamide fabric in acidic and basic media.
Overall, the fastness properties of the dyed samples were satisfactory and acceptable.

Rutin
(297.1+0.2 mg/g)
\ 5.42 min
=]
<
g
Quercetin Kaempferol
(69.7+0.2 mg/g) (145.6+0.2 mg/g)
13.9 min 24.9 min
| i
AN c i\
0 _J i ] g,J\_,. - o~ NN
0.0 50 10.0 15.0 20.0 250 300

Minute

Fig.7 HPLC profile of hawthorn flavonoid compounds
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Table 6 Fastness properties of the dyed polyamide with the extracted natural dyes

Sample Washing Light  Perspiration Rubbing

¢ N cC Acid Alkali Dry Wet

¢S N cc ¢ N cc

Raw dye powder 5 5 4-5 7 5 5 45 5 5 4 4-5 4
Extracted dye powder 5 5 4-5 17 5 5 45 5 5 4 4-5 4

C staining on adjacent cotton fabric, N staining on adjacent polyamide fabric, CC color change

3.5 Antimicrobial activity

The presence of the natural dyes on polyamide fabric noticeably enhanced the antimicrobial
activity of the samples against E. coli and S. aureus bacteria (Table 7). The enhancement,
proportional to the amount of the adsorbed dyes on the fabric, was attributed to the
presence of high phenolic compounds in the extracted dyes from hawthorn fruits (Edwards
et al. 2012; Jurikova et al. 2012).

3.6 Antioxidant property

The DPPH test was used to investigate the antioxidant activity of the dyed samples. Fig-
ure 9 shows that the antioxidant activity of the dyed samples increased to above 80% with
increasing the initial dye concentration above 50% and leveled off at higher initial dye con-
centrations. This could be related to the radical scavenging nature of the extracted natu-
ral dyes owing to the presence of the polyphenolic compound and their active hydrogen
groups (Edwards et al. 2012; Jurikova et al. 2012; Yang and Liu 2012).
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Table 7 The antibacterial

Dye (%0.w.f. Reduction (% Inhibiti
activities of dyed samples with ye (%ow.f.) eduction (%) nhibition zone (mm)
hawthorn fruits at various E. coli S. aureus E. coli S. aureus
concentrations
0 _ _ _ _
50 59.71 46.64 0.85 0.67
100 90.85 81.42 4.40 3.56
Fig.9 Antioxidant activity of 95
dyed samples in various concen-
trations of dye 85
% 65
=l
£ 45
-
35
25
0 25 50 75 100 125 150 175

Dye concentration (% 0.w.f.)

4 Conclusions

Among the employed solvents for natural dyes extraction from Hawthorn fruits, a
mixture of water and ethanol (W1/4E) showed a favorable synergistic extraction capacity.
Compared with the conventional water-based extraction method, the UAE method was
found to be more efficient and faster. Based on the RSM optimization, the optimum
extraction conditions were at pH 5, temperature 60 °C, after 40 min. Rutin was the most
dominant extracted flavonoids, followed by kaempferol and quercetin. The polyamide
fabric was successfully colored with the extracted colorants. The dyed fabrics showed very
good fastness, antimicrobial, and antioxidant properties that were attributed to the chemical
structures of the natural dyes. The study showed that the extracted natural dyes have the
potential to be used for textile coloration and antimicrobial finishing. The extraction,
dyeing, and finishing of textile materials can be done in a single bath simultaneously that is
a sustainable solution with low environmental impact and energy consumption.
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