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ABSTRACT 
 

More powerful of extraction natural dye from Neem leaves (Azadirachta indica) with respect to 
different dye bath concentrations in the range 20-80 g/L on wool fabrics was the aim of the present 
work. Also, the effect of artificial daylight up to 160 hours on the wool fabrics was evaluated. The 
optical properties of the blank and dyed unexposed and exposed fabrics were determined using 
the spectrophotometric technique. From the obtained reflectance spectra, the CIE tristimulus 
values, the color parameters, the absorption coefficient, optical band gap energy, extinction 
coefficient and color strength were calculated as well as the washing fastness of the fabrics was 
tested. The results noted that wool fabrics were depended on both the dyeing concentration and 
the exposure to artificial daylight. The locations of blank and Neem dyed wool fabrics unexposed 
and exposed on the chromaticity diagram were different and confirmed the change in the spectral 
colors of the fabrics. The obtained changes in the values of the optical parameters may be 
attributed to the induced change in the molecular configuration and variations in the chemical 
bonds in the wool fabrics. Also, the results obtained indicate that the natural dye extracted from 
Neem leaves has good potential in textiles dyeing. Also, excellent colorfastness properties were 
obtained indicated that the dyed wool fabrics have good washing fastness properties. 
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1. INTRODUCTION 
 

Wool is one of the earliest natural fibers for texts. 
Wool is a popular natural fiber and very important 
for human beings to live in the eco-friendly world 
which exhibits the characteristics of feeling soft, 
heat retention, and comfortable to wear [1,2]. 
Wool was usually used in quality texts and hand-
woven carpets [3]. Wool behaves as an 
ampholyte because it contains both acidic and 
basic groups, namely carboxylic and amino 
groups (expressed as NH2-P-COOH, where P is 
wool) [4]. 
 

Natural pigments and dyes may be a real 
alternative in a variety of applications at food, 
cosmetic, pharmaceutical and textile industries 
[5]. Natural dyes were extracted from plants, 
animals, bacteria and fungi. A dye is a colored 
substance that chemically bonds to the substrate 
to which it is being applied. This 
distinguishes dyes from pigments which do not 
chemically bind to the material they color. Dyes 
possess color due to 1) they absorb light in the 
visible spectrum; 2) they have chromophores at 
least one (color-bearing group); 3) they have a 
conjugated system, i.e., a structure with 
alternating double and single bonds; and 4) they 
exhibit resonance of electrons, which is a 
stabilizing force in organic compounds.  Dyestuff 
is a substance yielding a dye or that can be used 
as a dye, especially when in solution. To analyze 
dyestuffs several points may be viewed. The 
dyestuff may be considered as any other organic 
body. The analysis of dyestuff may have 
reference to the determination of the amounts of 
the chemical elements present in it. This 
character of dyestuff analysis has no importance 
to the dyer or textile chemist in the manufacture 
and synthesis of dyestuffs. Recently, people 
have more interest in natural dyes, on the ground 
of their better biodegradability, compatibility with 
the environment, lower toxicity and allergic 
reactions [6,7]. Also, natural dyes were suitable 
and successfully applied to natural fabrics such 
as cotton, silk, flax and wool, because of their 
generally low toxicity, reduced pollution and 
biodegradable nature [8,9]. 
 

Unfortunately, the broad development of natural 
dyes in dyeing was specified by their high 
molecular mass which disfavors their penetration 
into the inner wool fiber, resulting in the decrease 
adsorption of dyes on the fibers and increase 

desorption of dyes from the fibers. Nowadays, 
dyeing mordants have been used to improve dye 
on wool fiber and its dyeing fastness, resulting in 
the significant improvement of coloration and 
fastness [10].  
 
Azadirachta indica was commonly known as 
“Neem”, “Nimtree” and “Indian Lilac”. It belongs 
to the Meliaceae botanical family and being 
abundantly available [11]. Azadirachta indica is 
one of two species in the genus Azadirachta and 
is native to India and the Indian subcontinent. 
Neem is a fast-growing tree and can grow in 
many different types of soil. The pinnate leaves 
are 20–40 cm long with 20 to 31 medium to dark 
green leaflets about 3-8 cm long. Uses of purified 
and fresh Neem leaves used in medicine are 
[12]: 1) traditional detox benefits of chewing 
Neem regularly - medicine used in treatment of 
viral disease, cardiac arrest, fungal disease, 
malaria, cancer, arthritis, poison, oral issues; 2) 
directly apply on skin for oil protection and 
beautiful glow; 3) apply as facial mask by mixing 
with water/milk etc. mix with body wash; and 4) 
glows hair too when applied to scalp. 

 
In the present work, study of the optimization of 
extraction natural dye from Neem leaves with 
respect to four different dye bath concentrations 
(20, 40, 60 and 80 g/L) on wool fabrics was 
investigated before and after exposing to artificial 
daylight for 160 hours. The effect of the dye bath 
concentration on the reflectance spectra was 
followed by using spectrophotometric technique. 
The CIE tristimulus values (xr, yr and zr), the 
color parameters (L*, a*, b*, W, C*, H* and ΔE*), 
absorption coefficient (α), optical band gap 
energy, extinction coefficient (K) and color 
strength (K/S) were determined as well as the 
washing fastness of the fabrics was tested. 

 
2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Pure wool fabric (100%) of 137 g/m

2
 in weight 

and 0.35 mm in thickness, number of threads in 
weft direction 25 and in warp direction 30 was 
supplied from Goldentex Co. (Cairo, Egypt). The 
fabric was scoured with a solution containing 0.5 
g/L sodium carbonate and 2 g/L non-ionic 
detergent using liquor ratio 1:50 at temperature 
60ºC for 15 minutes. Then, the samples were 
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thoroughly washed with water and dried at 
ambient conditions. 
 

2.2 Extraction and Preparation of the Dye 
 
Dried leaves of Neem plant (Azadirachta indica) 
were used to obtain Neem dye without the 
application of any mordant in the dyeing process. 
After crushing the Neem leaves, 50 g were 
immersed in 500 mL of distilled water and boiled 
for 1 hour. Double Beam Spectrophotometer with 
standard illuminant C (1174.83) model V-530 
(Shimadzu, Japan) with bandwidth 2.0 nm and of 
accuracy ±0.05% was used to determine the 
absorbance of the extract solution after filtration 
in the range 250-700 nm. Fig. 1 shows the 
absorption spectrum of the aqueous extract of 
the Neem leaves. The absorbance value was 
taken as a measure of Neem dye concentration. 
As shown, three peaks were presented at 320 
nm of absorbance 3.765; at 370 nm of 
absorbance 3.402; and at 400 nm of absorbance 
3.569. Increasing the number of dried leaves 
from 20 to 80 grams per liter water boiled for 1 
hour was accompanied by the increase in color 
strength and depth in color. 

 
2.3 Dyeing and Fixing Method  
 
The wool fabrics under test were dyed by the 
preextracted dye in a laboratory dyeing 
apparatus by applying the conventional exhaust 
dyeing method [13] and by using a liquor ratio of 
1:50 at pH 5, and at temperature 60ºC for 45 
minutes for each concentration [14]. Different 
shades were obtained by using different 
concentrations (20, 40, 60 and 80 g/L). The 

samples were washed with cold water and dried 
at ambient temperature.  
 

2.4 Measurements  
 
The blank and dyed wool fabrics with different 
Neem dye bath concentrations were exposed          
to artificial daylight by using Tera Light Fastness 
Tester [Patent No. 15182, Egypt, 1981] for          
160 hours at 25 ± 2°C and at a relative           
humidity of 65 ± 5%. A standard blue scale           
was hanged alongside the samples (ISO 105-
B02) to estimate the light fastness of the fabrics, 
i.e., the resistance of the fabric to a change in              
its characteristics as a result of light exposure. 
 

The reflectance spectra in the visible region           
from 400 to 700 nm for all wool samples was 
carried out by using a Shimadzu Vis-Double 
Beam Spectrophotometer with standard 
illuminant C (1174.83) model V-530 and 
bandwidth 2.0 nm covers the range 200-2500 nm 
with accuracy ±0.05%. 
 

The effect of different Neem dye concentrations 
on the color properties on the wool fabrics          
was performed using the CIE Colorimetric 
System, CIE 1931 2-degree Standard          
Observer. The tristimulus values (xr, yr, zr), the 
relative brightness (L*), color constants (a*           
and b*), whiteness index (W), chroma (C*), hue 
(H*), tint (T) and color difference (∆E*), were 
calculated from the obtained reflectance            
values [15,16]. Also, the absorption coefficient 
(α), optical band gap energy, extinction 
coefficient (K) and the color strength (K/S) of the 
wool fabrics were determined by using the 
relations [17-22]: 

 

 
 

Fig. 1. The absorption spectrum of the aqueous extract of the neem leaves 
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α = (1/d) ℓn [(1-R)
2
/T]                                  (1) 

 
K = αλ/4π                                                    (2) 

 
K/S = (1-R)

2
/2R                                          (3) 

 
Where R is the reflectance, T is the 
transmittance (≈ 10

-3
), and d is the thickness             

of the sample (about 0.01 cm). The absorption 
coefficient, α, depends on the dyestuff and S           
the scattering coefficient, S, depends on the 
substrate. 

 
The band tail energy value, Eb, in the             
normally forbidden band gap was determined by 
applying Urbach relation as [17-22]: 

 
α = αo exp [hν/Eb]                                        (4) 

 
Where αo (= constant) is the absorption 
coefficient at photon energy (hν) = 0 and ν is the 
frequency of radiation. The optical band gap 
energy (Eg) were calculated from the absorption 
coefficient data according to Tauc’s model as 
[17-22]: 

 
αhν = B (hν – Eg)

n
                                       (5) 

 

Where B represents the band tail parameter in 
the range from 10

5
 to 10

6
 cm

-1
.eV

-1
 calculated 

from the slope of Tauc’s edge and n is the 
electronic transition responsible type for 
absorption equals ½ and 2 for the allowed direct 
and indirect transition, respectively. 
 

2.5 Fastness Properties 
 

The change in color and staining of the dyed 
samples were evaluated for color fastness to 
washing according to the conditions mentioned in 
the AATCC Standard method (AATCC, 1997 & 
1996). A specimen of the wool fabric in contact 
with one or two specified adjacent fabrics was 
mechanically agitated under specified conditions 
for 30 minutes and at 50

o
C for temperature in a 

soap solution without a fluorescent whitening 
agent (WOB), then rinsed and dried. The change 
in the color of the specimens and the staining of 
the adjacent fabric were determined concerning 
the original fabrics using the Grey scale of 
washing fastness for color change as: from 1 
(very poor), 2 (poor), 3 (fair), 4 (good) to 5 
(excellent). 
 

A schematic diagram was drawn to represent the 
process of the present experimental section.

 
 

Schematic diagram represents the process of the experimental work 
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3. RESULTS AND DISCUSSION 
 

Fig. 2 shows the reflectance (R%) as a function 
of wavelength in the visible region (400-700 nm) 
for unexposed (a) and exposed (b), blank and 
Neem dyed wool fabrics with different dye bath 
concentrations. It was observed from the figure 
that the behaviors of the unexposed and 
exposed dyed wool fabrics completely change in 
comparison with the undyed fabrics. Also,             
R% values increase with increasing wavelength 
for all fabrics and decrease gradually with 
increasing the dye bath concentration up to 80 
g/L in comparison with the blank fabric. The 
observed variations indicate high color change 
by increasing Neem concentration. Similar 
behaviors and trends with more differences in 
R% values were observed for all samples after 
exposing to artificial daylight for 160 hours. 
 

From the reflectance spectra, the CIE tristimulus 
values (xr, yr, and zr); the relative brightness (L*); 
color constants (a* and b*); whiteness index (W); 
chroma (C*), hue (H*), tint (T) and color 
difference (∆E), of all fabrics were calculated. 
The tristimulus reflectance values; (xr), (yr) and 
(zr); for the blank wool fabric (Fig. 3a,b) as well 
as the unexposed (a) and exposed (b) Neem 
dyed wool fabrics with different dye bath 
concentrations were illustrated in Figs. 4, 5 and 
6. It was observed that the behaviors of xr, yr, 
and zr for all samples are similar and there is a 
shift in the peak positions (about 10 nm) for the 
Neem dyed wool fabrics in comparison with the 
blank one either without or with the exposure to 
artificial daylight. 
 
Table 1 illustrates the maximum tristimulus 
reflectance values at their peak positions for

 
 

Fig. 2. The reflectance, R%, spectra as functions of wavelength (λ) in the visible region of 
blank and Neem dyed wool fabrics with different dye bath concentrations before (a) and after 

(b) exposure to artificial daylight for 160 hours 

 

 
 
Fig. 3. Dependence of the tristimulus reflectance values [xr (▲), yr (■) and zr (●)] on wavelength 

for blank wool fabrics before (a) and after (b) exposure to artificial daylight for 160 hours 
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Fig. 4. Dependence of the tristimulus reflectance value (xr) on wavelength for blank and Neem 
dyed wool fabrics with different dye bath concentrations before (a) and after (b) exposure to 

artificial daylight for 160 hours 

 

 
 
Fig. 5. Dependence of the tristimulus reflectance value (yr) on wavelength for blank and Neem 

dyed wool fabrics different dye bath concentrations before (a) and after (b) exposure to 
artificial daylight for 160 hours 

 

 
 
Fig. 6. Dependence of the tristimulus reflectance value (zr) on wavelength for blank and Neem 
dyed wool fabrics with different dye bath concentrations before (a) and after (b) exposure to 

artificial daylight for 160 hours 
 
blank and Neem dyed wool fabrics. It was 
noticed that the tristimulus values decrease with 

increasing the Neem dye bath concentration. 
Also, the tristimulus values of the exposed wool 
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fabrics to artificial daylight were higher than 
those of the unexposed values. In addition, the 
xr, yr, and zr values for all samples either 
unexposed or exposed to artificial daylight were 
remarkably lower than that of the blank wool 
fabric. 

 
The color parameters such as: the relative 
brightness (L*), color constants (a* and b*), 
whiteness index (W), chroma (C*), hue (H*), tint 
(T) and ∆E* were analyzed using the CIE 
Colorimetric System, CIE 1931 2-degree 
Standard Observer and were tabulated in Table 
2. It was noticed that: The values of the relative 
brightness, L*, decrease with increasing Neem 
concentration which means that the fabrics 
become fader in color. The values of the color 
constant, a*, increase by increasing Neem 
concentration which indicates that, there is an 
increase in a red component instead of a green 
one. The values of the color constant, b*, also 
increase by increasing Neem concentration 
which indicates that there is an increase in a 
yellow component instead of a blue one. The 
detection of the whiteness index (W) and tint, T, 
values indicate opposite behavior in comparison 
with the color constants, a* and b*. The observed 
decrease in the values of the whiteness index, 
W, and the results of the color scales, C* and H*, 
indicate that variations in color difference 
between the blank fabrics and the Neem dyed 
were occurred due to the different Neem 

concentration. Similar trends were detected in 
the values of the color parameters when the 
fabrics exposed to artificial daylight in 
comparison with that of the unexposed samples. 
In addition, as noticed from the table, the 
observed changes in the values of the color 
parameters by either increasing Neem 
concentration and/or exposure to artificial 
daylight for 160 hours may be due to the          
change in the physical bonds and therefore, 
changes in the molecular configuration of the 
fabric. These variations may lead to the 
formation of new color centers. Also, the 
obtained results of the color parameters were of 
great importance to improve the optical 
properties of the fabrics. 

 
The chromaticity coordinates x [= X/(X + Y + Z)] 
and y [= Y/(X + Y + Z)] were calculated for the 
fabrics according to the CIE Colorimetric System 
[15,23,24]. Fig. 7a,b shows the locations of the 
blank and dye wool fabrics with different dye bath 
concentrations before and after exposure to 
artificial daylight for 160 hours on the 
chromaticity diagram and their distances to the 
white point. It was clear that the chromaticity 
coordinate values (x) and their distances to the 
white point gradually increase with increasing 
Neem concentration which means that the 
locations of the fabrics concentrations were 
different. This observation confirmed that change 
in the spectral colors of a

 

Table 1. The maximum tristimulus reflectance values (xr, yr, zr) at their peak positions for blank 
and Neem dyed wool fabrics with different dye bath concentrations before and after exposure 

to artificial daylight for 160 hours 
 

Unexposed wool fabric samples 

Blank sample xr  yr  zr 

λ = 450 nm λ = 600 nm  λ = 560 nm  λ = 450 nm 
 163.66 481.95  512.05  862.75 

Concentration of Neem (g/L) xr  yr  zr 

λ = 460 nm λ = 600 nm  λ = 570 nm  λ = 460 nm 

20 28.29 227.96  186.89  162.37 
40 22.71 209.27  171.31  130.37 
60 19.33 190.08  152.97  110.95 
80 19.10 173.40  138.70  109.64 

Exposed wool fabric samples to artificial daylight for 160 hours 

Blank sample xr  yr  zr 

λ = 450 nm λ = 600 nm  λ = 560 nm  λ = 450 nm 

 168.46 492.56  523.22  888.05 

Concentration of Neem (g/L) xr  yr  zr 

λ = 460 nm λ = 600 nm  λ = 570 nm  λ = 460 nm 

20 29.70 246.22  206.68  168.92 
40 22.39 230.17  188.43  128.53 
60 22.59 214.87  178.00  129.69 
80 20.83 201.16  164.85  119.62 
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Table 2. The color parameters for blank and Neem dyed wool fabrics with different dye bath 
concentrations before and after exposure to artificial daylight for 160 hours 

 

Color parameters Blank sample The concentration of Neem (g/L) 

20 40 60 80 

L* 
Before exposure 
After exposure 

 
76.74 
77.38 

 
49.99 
51.86 

 
47.88 
49.53 

 
45.47 
48.43 

 
43.67 
46.83 

a* 
Before exposure 
After exposure 

 
-0.48 
-0.22 

 
11.57 
11.20 

 
11.75 
11.82 

 
12.31 
11.72 

 
12.07 
12.08 

b* 
Before exposure 
After exposure 

 
10.55 
10.24 

 
29.15 
30.95 

 
31.99 
35.12 

 
31.83 
32.88 

 
28.76 
32.24 

W 
Before exposure       
After exposure 

 
-2.92 
-3.10 

 
-185.7 
-190.7 

 
-211.0 
-223.7 

 
-218.3 
-214.4 

 
-205.2 
-216.1 

C* 
Before exposure 
After exposure 

 
10.20 
10.56 

 
31.35 
32.91 

 
34.08 
37.06 

 
34.13 
34.91 

 
31.19 
34.43 

H* 
Before exposure 
After exposure 

 
91.20 
91.23 

 
68.40 
70.11 

 
69.83 
71.40 

 
68.85 
70.38 

 
67.23 
69.46 

T 
Before exposure 
After exposure 

 
-4.02 
-4.10 

 
-56.8 
-55.3 

 
-61.8 
-62.7 

 
-66.3 
-61.8 

 
-64.9 
-64.3 

∆E*
(#) 

0.76 2.62 3.54 3.20 4.70 
(#)   Variation in ΔE

* 
due to exposure to artificial daylight for 160 hours 

 
wool network was occurred either by dyeing or 
exposure to artificial daylight. 
 

Briefly, dyed wool with different concentrations of 
dyeing presented diverse colors and might be 
attributed to the changes in Neem chemical 
groups [25]. As the surface of wool fibers 
covered with lamellar scales which mean that 
they contain lots of –S-S- bonds, therefore, with 
the interaction of Neem dye, the –S-S- bonds 
could be broken and –S-H- bonds were 
constructed, resulting in the formation of a 
loosened structure of wool fibers. So, the 
adsorption amounts and rate of dyes on wool 
fiber were improved in the presence of Neem 
dye. 
 
The absorption coefficients (α) of the blank fabric 
as well as the unexposed and exposed wool 
fabrics dyed with different concentrations were 
calculated by using equation 1 and the 
reflectance values (Fig. 2a,b) and were 
represented as functions of wavelength (Fig. 
8a,b) and photon energy (Fig. 8c,d). It is clear 
from the figures that a remarkable decrease in 
the absorption coefficient values with increasing 
the wavelength for all samples. Also, α values 
increase with increasing Neem concentration 

through the whole wavelength and photon 
energy ranges for both the unexposed and 
exposed samples to artificial daylight. 

 
As reported previously [26], the change occurs in 
the absorption coefficient may be due to the 
difference in the chemical bonds between the 
fabric and the dye which forms other molecular 
species and leads to the formation of new color 
centers. The detected increase in absorption 
coefficient values may be attributed to the 
change in the molecular configuration of the 
fabric which may indicate the formation of new 
color centers. The data also indicate that dyeing 
with Neem and exposure with daylight leads to 
the rupture of the bonds and formation of free 
radicals. These observed variations may be            
due to modification in molecular structure 
introduced as a result of the degradation 
process. Also, the dye components role was to 
strengthen the linkage between the reactive 
species of the wool fabric chemical groups and 
their polar groups. 
 

Fig. 9a,b shows the dependence of ℓn α on hν for 
blank and Neem dyed wool fabrics with different 
dye bath concentrations before and after 
exposure to artificial daylight for 160 hours. It
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Fig. 7. Chromaticity diagram of blank and Neem dyed wool fabrics with different dye bath 
concentrations before (a) and after (b) exposure to artificial daylight for 160 hours 

 

 
 
Fig. 8. Dependence of absorption coefficient values of blank and Neem dyed wool fabrics with 
different dye bath concentrations on wavelength and photon energy (hν); before (a and c) and 

after (b and d) exposure to artificial daylight for 160 hours, respectively 

 
was clear from the figure that, each curve could 
not be represented by straight lines relation 
which means that the absorption does not follow 
the quadratic relation for inter-band transitions to 
verify Urbach rule [21]. On other hand, as 
observed from Fig. 10 that the variation between 
ℓn α and hν showed complicated behaviors which 
may due to the change in the total number 
available states caused by either increasing 
Neem concentration and/or exposing to the 

artificial light according to the compromise 
between the degradation and/or cross-linking 
processes [27]. Also, the observed changes may 
be due to the variation in the internal fields due to 
the interaction between Neem and wool fabrics 
chemical groups. 
 
Fig. 10a,b shows the variations of (αhν)

2 
with hν 

for blank and Neem dyed wool fabrics with 
different dye bath concentrations before and after 
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Fig. 9. Variation of ℓn α with hν for blank and Neem dyed wool fabrics with different dye bath 
concentrations before (a) and after (b) exposure to artificial daylight for 160 hours 

 

exposure to artificial daylight for 160 hours. Table 
3 tabulates the values of allowed direct energy 
gap (Ed) calculated by extending the linear parts 
of the curves to zero absorption. It was illustrated 
that the Ed values decrease with increasing the 
dye bath concentration and nearly no variation 
was observed between the exposed and 
unexposed fabrics. These decreases indicate 
that the change in Ed shows the dependence on 
the Neem concentration and creation of localized 
states in the band gap and then structural 
changes were occurred [26]. 
 
The optical properties of the fabrics to light can 
be presented by calculating their extinction 
coefficient (K) [19]. Fig. 11a,b shows the 

dependence of extinction coefficient (K) as a 
function of wavelength for blank and Neem dyed 
wool fabrics with different dye bath 
concentrations before and after exposure to 
artificial daylight for 160 hours. It was clear from 
the figure that, similar behaviors of the extinction 
coefficients for all samples were observed 
through the whole wavelength range. Also, the 
values of the extinction coefficient were found to 
be in order 10

-3
 which indicates that wool fabrics 

may be considered as a semiconducting material 
at room temperature [28]. Also, the increase in 
the extinction coefficient values with increasing 
the concentration of Neem dye without or with 
exposure to artificial light shows that the fraction 
of light lost could be due to scattering. 

 

 
 
Fig. 10. Variations of (αhυ)

2 
with photon energy (hν) for blank and Neem dyed wool fabrics with 

different dye bath concentrations before (a) and after (b) exposure to artificial daylight for 160 
hours 
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Fig. 11. Dependence of the extinction coefficient on wavelength for blank and Neem dyed wool 
fabrics with different dye bath concentrations before (a) and after (b) exposure to artificial 

daylight for 160 hours 
 

Table 3. Values of the direct energy gap (Ed) for blank and Neem dyed wool fabrics with 
different Neem concentrations before and after exposure to artificial daylight for 160 hours 
 

Concentration of Neem (g/L) Direct energy gap (Ed) (eV) 

Before exposure After exposure 

Blank fabric 2.18 2.12 
20 1.67 1.67 
40 1.65 1.65 
60 1.63 1.63 
80 1.62 1.62 

 

The amount of dye absorbed by the wool fabric 
was obtained by determining the color strength 
(K/S) value of the dyed material using equation 
3. The effect of the increase in the Neem dye 
bath concentration on the color strength of the 
blank and wool fabrics with different dye bath 
concentrations before and after exposure to 
artificial daylight for 160 hours was illustrated in 
Fig. 12a,b. It is clear that the values of the color 

strength decrease sharply with increasing 
wavelength for all samples. Also, K/S values 
increase with increasing Neem concentration up 
to 80 g/L for both unexposed and exposed 
samples. This means that higher the 
concentration of Neem higher is the coloring 
component extracted and higher is the color 
strength of the fabric dyed with these extracts 
which mean that occurrence of deepest shade. 

 

 
 

Fig. 12. Dependence of the color strength on wavelength for blank and Neem dyed wool 
fabrics with different dye bath concentrations before (a) and after (b) exposure to artificial 

daylight for 160 hours 
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Table 4.  Color fastness grades for blank and neem dyed wool fabrics with different dye bath 
concentrations 

 
Neem bath Concentration 
(g/L) 

Wash fastness Light fastness 

Rating for 
change 
in color 

Rating for staining 

Wool Cotton 

Blank fabric 4 4/5 4/5 4 
20 4 4/5 4/5 4 
40 4 4/5 4/5 4 
60 4/5 5 4/5 4/5 
80 4/5 5 5 4/5 

 
The effect of the dye bath concentration can be 
attributed to the correlation between dye and 
wool fabrics. Since Neem dye is a water-soluble 
dye and containing anionic groups; these anionic 
groups interact ionically with the protonated 
terminal amino groups of wool fabrics through ion 
exchange reaction. Due to this ionic interaction, 
the dye-ability of the fiber would increase with 
increasing the Neem dye concentration may be 
due to i) the enhanced desorption of the dye; and 
ii) the greater availability of the dye molecules in 
the vicinity of the fiber. The present data are in 
good agreement with the previously reported 
results [29]. 

 
Table 4 above represents the color fastness 
properties of the blank and Neem dyed wool 
fabrics with different dye bath concentrations. 
Washing fastness results were estimated with 
respect to Grey scale and the results for light 
fastness were evaluated with respect to blue 
wool scale. Washing fastness values of the 
fabrics dyed with different dye bath 
concentrations show comparable results. In case 
of washing, the results were expressed in terms 
of change in color and staining of the neighboring 
cotton and wool fabrics. It was clear that as the 
Neem dye concentration increase, the samples 
give good rating (4) to very good rating (4/5). 
This is because the ionic bonds between dye 
molecules and the carboxyl groups in the wool 
fibers are strong. The washing fastness grade for 
color staining gives very good rating (4/5) to 
excellent rating (5) with increasing Neem dye 
concentration up to 80 g/L which means that the 
dyed wool fabrics have good washing fastness 
properties.  

 
From Table 4 it was also noticed that the light 
fastness grade of the wool fabrics increase from 
4 to 4/5 (good to very good) by increasing the 
Neem concentration up to 80 g/L was 4/5 which 
indicate very good grade. The results indicate 

that light fastness was increased with increasing 
the dye concentration which may be due to the 
enhancement in dye aggregation inside the 
fabrics. Considerable influence in light            
fastness was exerted due to the polar groups of 
the substrate and its physical structure which 
tend to neutralize the polar group of the dye 
molecules in contact with the substrate by 
columbic attraction and then decreasing fading 
[29]. Also, exposure of wool fabrics to light may 
result in changes to color and fiber properties 
[29,30]. 

 
4. CONCLUSION 
 
In the present study, leaves of Neem can be 
used as a dye for coloring wool fabrics. It was 
concluded from the obtained data that, the 
tristimulus reflectance values, color parameters 
values, the absorption coefficient, extinction 
coefficient and color strength, were found to be 
influenced by either the concentration of the 
Neem dyeing bath concentration and/or 
exposure to artificial daylight for 160 hours 
concerning the chemical structure of the used 
dye. Also, the Neem plant shows good shade 
reproducibility with significant fastness 
properties. It was found that Neem dye can be 
successfully used for dyeing of wool fabric to 
obtain a wide range for soft hell shades. The 
process of extraction was simple and 
environmentally friendly. The natural colorant 
obtained from Neem leaves was successfully 
used as an eco-friendly dye to obtain different 
shades of yellow. Also, the data obtained 
indicate that the increasing of the concentration 
of the natural dye extracted from Neem leaves 
has good potential in textiles dyeing. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 



 
 
 
 

Abdel-Zaher et al.; JMSRR, 2(4): 460-473, 2019; Article no.JMSRR.52257 
 
 

 
472 

 

REFERENCES 
 

1. Jiajia Shen, Pu Gao, Hui Ma. The effect of 
tris (2-carboxyethyl)phosphine on the 
dyeing of wool fabrics with natural dyes. 
Dyes Pigments. 2014;108:70-5. 

2. Memon H, Wang H, Langat EK. 
Determination and characterization of the 
wool fiber yield of Kenyan sheep breeds: 
An economically sustainable practical 
approach for Kenya. Fibers. 2018;6:55.  

3. Toktam Saied, Aminoddin Haji, Mohamed 
Khajeh Mehrizi. Modification of wool 
protein fiber with plasma and dendrimer: 
Effects on dyeing with cochineal. Int J Bio 
Macromol. 2018;107:642-53.  

4. Brouta-Agnésa M, Balsells S, Paul R. 
Synergistic effect of hydrolyzed collagen in 

the dyeing of wool. Dyes Pigments. 2013; 

99:116-9. 

5. Rao MPN, Xiao M, Li W-J. Fungal and 
bacterial pigments: Secondary metabolites 
with wide applications. Front Microbiol. 
2017;8:1113. 

6. Mohd Shabbir, Luqman Jameel Rather,  
Shahid-ul-Islam, Mohd Nadeem Bukhari, 
Mohd Shahid, Mohd Ali  Khan, et al. An 
eco-friendly dyeing of woolen yarn 
by Terminalia chebula extract with 
evaluations of kinetic and adsorption 
characteristics. J Adv Res. 2016;7:473-     
82. 

7. Shahin MF, El-Khatib HS. Enhancing 
dyeing of wool fabrics with natural kamala 
dye via bio-treatment with safflower 
extract. International Journal of Innovation 
and Applied Studies. 2016;15:443-56. 

8. Bin Zhang, Lu Wang,  Liangfei Luo, Martin 
W. King. Natural dye extracted from 
Chinese gall – The application of color and 
antibacterial activity to wool fabric. J Clean 
Prod.  2014;80:204-10. 

9. Memon H, Khatri A, Khoso NA, Memon S. 
Dyeing recipe optimization for eco-friendly 
dyeing and mechanical properties analysis 
of eco-friendly dyed cotton fabric. J Nat 
Fibers. 2016;13:749-58.  

10. Tsatsaroni E,  Liakopoulou-Kyriakides M. 
Effect of enzymatic treatment on the 
dyeing of cotton and wool fibres with 
natural dyes. Dyes Pigments. 1995; 
29:203-9.  

11. Bakhru HK. Herbs that Heal. Orient Paper 
Books: New Delhi; 1992. 

12. Lakshmi T, Vidya Krishnan, Rajendran 
R, Madhusudhanan N. Azadirachta indica: 
A herbal panacea in dentistry - An update. 
Pharmacogn Rev. 2015;9:41-4. 

13. Khehra MS, Saini HS, Sharma DK, 
Chadha BS, Chimni SC. Biodegradation of 
Azo Dye C.I. Acid red 88 by an anoxic-
aerobic sequential bioreactor. Dyes 
Pigments. 2006;70:1-7. 

14. Manjinder Singh Khehra,
 
Harvinder Singh 

Saini, Deepak Kumar Sharma, Bhupinder 
Singh Chadha and Swapandeep Singh 
Chimni, Biodegradation of Azo Dye C.I. 
Acid red 88 by an anoxic–aerobic 
sequential bioreactor.  Dyes Pigments. 
2006;70:1-7. 

15. CIE Recommendations on Colorimetry. 
CIE Publ. No: 15.2, Central Bureau of the 
CIE: Vienna; 1986. 

16. Kubelka P. New contributions to the optics 
of intensely light-scattering materials. Part 
II, Nonhomogenous layers. J Opt Soc Am. 
1954;44:330-5. 

17. Guirguis OW, Moselhey MTH. Optical 
study of poly(vinyl alcohol)/hydroxypropyl 
methylcellulose blends. J Mater Sci. 
2011;46:5775-89. 

18. Judd DB, Wyszecki G. Color in Business 
Science and Industry. 3

rd
 edition: New 

York: John Wiley & sons Inc; 1975. 

19. Maradulin AA, Montroll EW, Weiss GH. 
Theory of lattice dynamics in the harmonic 
approximation. New York: Academic 
Press; 1963. 

20. Mott NF, Davis EA. Electronic Processes 
in Non-crystalline Materials. Oxford: 
Clarendon; 1979. 

21. Tintu R, Saurav K, Sulakshna K, Nampoori 
VPN, Radhakrishnan P, Thomas S. 
Ge28Se60Sb12/PVA composite films for 
photonic applications. Journal of Non-
oxide Glasses. 2010;2:167-74. 

22. Wood DL, Tauc J. (1972). Weak 
absorption tails in amorphous 
semiconductors. Phys Rev. B. 1972;5: 
3144-3150. 

23. CIE 15: Technical Report: Colorimetry. 3
rd

  
edition. International Commission on 
Illumination: USA; 2004. 

24. CIE: Colorimetry - Part 4: L*a*b* Colour 
Space (Report), 1976. Draft Standard. 
CIE: 2007. CIE DS 014-4.3/E; 2007. 

25. Bukhari H, Herba M, Khadijah Q. Eco-
friendly dyeing textiles with Neem herb for 
multifunctional fabrics. Part 1: Extraction 

https://www.sciencedirect.com/science/journal/01437208
https://www.sciencedirect.com/science/article/pii/S209012321630008X#!
https://www.sciencedirect.com/science/article/pii/S209012321630008X#!
https://www.sciencedirect.com/science/article/pii/S209012321630008X#!
https://www.sciencedirect.com/science/article/pii/S209012321630008X#!
https://www.sciencedirect.com/science/article/pii/S209012321630008X#!
https://www.sciencedirect.com/science/article/pii/S209012321630008X#!
https://www.sciencedirect.com/science/journal/20901232
https://www.sciencedirect.com/science/journal/20901232/7/3
https://www.sciencedirect.com/science/article/pii/S0959652614005952#!
https://www.sciencedirect.com/science/article/pii/S0959652614005952#!
https://www.sciencedirect.com/science/article/pii/S0959652614005952#!
https://www.sciencedirect.com/science/article/pii/S0959652614005952#!
https://www.sciencedirect.com/science/article/pii/S0959652614005952#!
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/article/abs/pii/014372089500044G#!
https://www.sciencedirect.com/science/article/abs/pii/014372089500044G#!
https://www.sciencedirect.com/science/journal/01437208
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lakshmi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26009692
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishnan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26009692
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajendran%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26009692
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madhusudhanan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26009692
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4441161/
https://www.sciencedirect.com/science/article/pii/S0143720805001324#!
https://www.sciencedirect.com/science/article/pii/S0143720805001324#!
https://www.sciencedirect.com/science/article/pii/S0143720805001324#!
https://www.sciencedirect.com/science/article/pii/S0143720805001324#!
https://www.sciencedirect.com/science/article/pii/S0143720805001324#!
https://www.sciencedirect.com/science/article/pii/S0143720805001324#!


 
 
 
 

Abdel-Zaher et al.; JMSRR, 2(4): 460-473, 2019; Article no.JMSRR.52257 
 
 

 
473 

 

standardization. International Journal of 
Technical Research and Applications. 
2014;2:51-5. 

26. Al-Amoudy ES, El-Ebissy AA. Optical 
studies of cotton fabrics dyed with a 
natural dye. British Journal of Applied 
Science & Technology. 2015;9:159-71. 

27. Chikwenze RA, Nnabuchi MN. Effect of 
deposition medium on the optical and solid 
state properties of chemical bath deposited 
CdSe thin films. Chalcogenide Letters. 
2010;7:389-96. 

28. Pankove JI. Optical Process in 
Semiconductors. Devers Publication: New 
York, USA; 1975.  

29. Ebtsam S. Al-Amoudy. Extraction and 
application of novel eco-friendly natural 
dye obtained from leaves of sanamicky on 
silk fabric. British Journal of Applied 
Science & Technology. 2016;14:1-12. 

30. Giles CH, Shah CD, Jahair DP, Inclair RS. 
Oxidation and reduction in light fading of 

dyes. Textile Research Journal. 
1972;88:433-35.

 

© 2019 Abdel-Zaher et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/52257 

https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi48ObexbPJAhUJWxQKHeGuBUgQFggjMAA&url=http%3A%2F%2Ftrj.sagepub.com%2F&usg=AFQjCNFhyZOeTxLRTGWeaFBWX46xNoda1w
http://creativecommons.org/licenses/by/2.0

