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Lawsonia inermis (Henna plant) leaves contains dye. Lawson; 2-hydroxy-1,4- naphthaquinone in Henna 
leaves and the rhizomes of Curcuma longa L. which contains curcumin, that imparts a yellow color are 
used onto silk and wool fabrics, have been selected for study in this work paper. Different concentrations 
of synthesized acid dye with these natural dyes were mixed to enhancement in the color strength and to 
improve color fastness properties without mordant. The dyed sample are subject to CIE Lab system with 
a spectra flash spectrophotometer for the evaluation of lighter/ darker, L*; redder/greener, a* and 
(yellower/bluer, b* values. Fastness properties (washing, rubbing and light) of dyed sample were 
investigated. Also, the antibacterial activity increases in case of mixed dyes than synthesized acid or 
natural dyes. 
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INTRODUCTION 

synthetic dyes have Lowe price and bright 
shades with enhanced color fastness properties 
so that it has been used more than natural dyes. 
Most synthetic dyes prepared from petrochemical 
which has harm effects towards the environment 
and human health (Lichtfouse et al., 2013, 
Samanta and Konar, 2011). Natural dyes are 
biodegradability, biocompatibility and nontoxic 
compared with than synthetic dyes. 

So that, there are increasing interest to use 
natural dyes due to its ecofriendly effects and its 
availability from different resources as plants, 
fungi and insects (Grifoni et al., 2014, 
Mongkholrattanasit et al., 2011, 
Mongkholrattanasit et al., 2011). Henna, Lawsonia 
inermis L, tree grow in many countries such as 
India, Iran, Sudan and Egypt. Henna powdered 

were used as staining hands and hairs. Henna are 
used to improve both dyeing and UV protection 
properties. Several trials were made to illustrate   
functional properties of Henna dye to improve its 
fastness properties toward light and washing by 
using metallic mordants (Rehman et al., 2012, Ali 
et al., 2009, Iqbal et al., 2008, Montazer et al., 
2007). 

Dyeing of cotton fabric using Henna extract 
was investigated. Metallic mordants substituted by 
trimethylammonium chloride e.g. 3-chloro-2-
hydroxy propyl trimethylammonium chloride used 
for cotton fabric treatment to prevent pollution by 
heavy metals and facilitate dyeing process with 
salt free. Henna dyes were used for Cationized 
cotton fabrics at different time and temperature to 
Enhancein its color strength (Omer and Tao, 
2016).  
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Turmeric dye was the only dye produce yellow 
fixed color on both cotton and silk fabrics without 
using mordants but reduce its value because it 
sensitive to light, soap and alkali (Kalyayini and 
Jacob, 1998).  

Terminalia arjuna and Madder were used to 
extract natural dye with percentage 80:20%, 
70:30% and 50:50% (wt./wt.). The optimized 
extract was used dyeing on wool by using exhaust 
method (Kamel et al., 2011). The aim of this work 
is to mix the synthetic dye that has toxicity and 
harmful to the environment with natural dyes 
having low exhaustion and fixation in dyeing and 
need mordants in order to be a mixture of dyes 
without any mordants and safe for the 
environment with high exhausion and fixation of 
dyes on wool and silk fabrics. Also, these dyes 
have higher antibacteial activity. 

 
MATERIALS AND METHODS 
 
Fabric 

Wool fabric (310 g/m2; El Mahalla company, 
Egypt) and degummed and bleached silk fibers 
(El-Khateib Co., Egypt) 
2.1.2. Chemicals 
H- acid and N, N-dimethylformamide(DMF) were 
obtained from Fluka Chemie AG. All other 
chemicals used in our work were found in 
laboratory. Powdered leaves of Henna were 
supplied by Tag Cosmetics Ltd. Extracted 
(Extraction) of Henna dye required amount of 
water and boiled for 1 h then cooled at room 
temperature and filtered to remove insoluble 
residue. Curcumin (96%) was purchased from 
Sigma Aldrich. 
 
Synthesis 

We have synthesized acid dye previously:  
Ethyl 2-azo (1-amino-8-hydroxynaphthalene-7-yl-
3,6-disulphonic acid)-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate.  Dye: 
blue, m.p. > 300 oC, yield 90% (Fatma and 
Rafaat, 2013) 
 
Dyeing procedures 

Wool and silk fabrics were dyed using natural 
dyes (Henna D1 and curcumin D2), synthesized 
acid dye D3 and mixed dyes.  Mixed dyes were 
prepared by mixing 10 g of henna in 500 ml water 
or 10 g of curcumin in 500 ml water dye with 
different concentrations of acid dye 1-5% owf to 
produce D4 and D5 respectively. 1- 5% owf. Also, 
at liquor ratio 1:50 in Ahiba machine. The dye 
bath was prepared at pH 3-7.  The pH was 

obtained by weak acid, 1-3% acetic acid (80%). 
Dyeing was started at 40˚C and then the 
temperature was raised to 100˚C over 45 minutes. 
After dyeing process, all dyed samples were 
rinsed with water and dried with air. Dye 
exhaustion on wool and silk fabrics were 
evaluated spectrophotometrically in each case. 
 
Measurements and Testing 
 
Dye Exhaustion 

The dye exhaustion was measured by uptake 
of the dye on wool and silk fabrics before and 
after dyeing on a Shimadzu UV-2401PC UV/V is 
spectrophotometer at the λmax value using a 
calibration curve previously obtained using known 
dye concentrations (g/L). The percentage of dye 
bath exhaustion (%E) was calculated using Eq. 1. 
%E= [1-C2/C1] x100                               (1) 
where C1 and C2 are the concentrations of the 
dyebath before and after dyeing respectively. 
 
color measurements 

The color strength (K/S) and CIE lab 
coordinate(L* a* b*) of dyed wool, and silk fabrics 
were determined using an Ultra Scan PRO 
spectrophotometer (Hunter Lab) with a D65 
illuminant and 10° standard observer  (Hu et al., 
1987, Savarino et al., 1989) . 
 
Fastness Testing  

The dyed wool and silk fabric samples were 
washed off using 2 g/l nonionic detergent at 80°C 
for 30 min, and tested according to ISO standard 
methods. Wash fastness (ISO 105-C02 (1989), 
crock fastness (ISO 105-X12 (1987), and fastness 
to perspiration (ISO 105-E04 (1989) were 
evaluated using the visual ISO Gray Scale for 
both color change (AATCC Evaluation Procedure 
(EP) 1-similar to ISO 105-A02) and color staining 
(AATCC EP 2—same as ISO 105-A03). Light 
fastness (carbon arc) was evaluated using ISO 
105-B02 
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Natural dyes 
 
Evaluation of antibacterial activity in vitro 

The antibacterial activity was quantitatively 
evaluated against Gram-negative and Gram-
positive, according to AATCC 100 test method. 
Two bacterial strains such as Staphylococcus 
aureus (S. aureus) as Gram-positive (G +ve) 
bacteria and Escherichia coli (E. coli) as the 
Gram-negative (G −ve) bacteria were prepared on 
nutrient broth at 37 ◦C for 24.  The antibacterial 
activity of dyed wool and silk fabric samples were 
determined against the test bacteria by disk 
diffusion method (Seyam et al., 2012, Abou-Zeid 
et al., 2013). 
 
RESULTS AND DISCUSSION 
 
Effect of dyeing  pH  
To determine the optimum conditions of three 
types of dyes; natural, synthesized acid and 
mixed dyes on wool and silk fabrics, the dyebath 
of pH is one of the important factor to be studied. 
A series of dyeing were carried out using 2% owf 
dye concentration at 100 ˚C by varying the 
dyebath pH from 3 to 7 to examine the dye 
exhaustion on the wool and silk. Figure 1 indicate 
that the maximum dye exhaustion on wool fabric 
was achieved at pH3 due to cationic sites of wool 
under strong acidic condition is increased. These 
cationic sites combine with anionic acid dye. The 
results show the higher exhaustion in case of 
mixed dyes D5 than other dyes. 
Figure 2 shows the optimum dye exhaustion on 
silk fabric at pH 5. Dyeing silk is depend on 
amino, carboxylic acid and phenolic with 
accessible OH group so, silk fabric has slightly 
cationic character. Also, The highest exhaustion 
takes place with D5 than other dyes. 

Effect of dyeing concentration 
The exhaustion of these dyes at 100 ˚C on wool 
and silk fabrics were examined using different 
shades depth (1-5% owf) at pH 4 and 5 
respectively. Figure 3 shows that the exhaustion 
of dyes on wool decrease when dye concentration 
increase. Also, the highest exhaustion of dye on 
wool takes place in case of mixed dye D5 than 
other dyes. Figure 4 indicates the higher 
exhaustion on silk fabric occurs at lower 
concentration of dyes. The results show the 
highest exhaustion take place with D5. 
 
Colorimetric and fastness properties 
The colorimetric data CIE lab coordinate (L*a*b*) 
and color strength K/S data of dyed wool and silk 
fabric using dyes D1-D5 were evaluated in table 1 
(Methods of tests for color Fastness of Textiles 
and Leather, 1990). The results show the highest 
K/S at mixed dyes D5. As Shown in table 2, the 
fastness to washing, rubbing and perspiration of 
all sample dyed were excellent in case of mixed 
dyes D4, D5 and good at other dyes D1, D2, D3 
 
Antibacterial activity 

Table 3 show the antibacterial activity of dyes 
(D1-D5) by diffusion method using S. aureus as 
(gram-positive bacteria) and E-coli as (Gram-
negative bacteria). The results indicate the 
antibacterial activity increase in mixed dyes than 
in natural dyes or synthesized only. Also, the 
highest antimicrobial activity takes place with D5 
(Abou-Zeid et al., 2011, Sun et al., 2006, Kong et 
al., 2008, Fatma et al., 2016). The antibacterial 
activity of synthesized acid dyes due to prescence 
of thiazole moiety and sulphonic group, which can 
attack bacterium cell in acidic medium (Farouk et 
al., 2013). 
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Figure 1: Exhaustion D1-D5 on wool at pH 3-7 values using (2% owf) 
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Figure 2: Exhaustion of D1-D5 (2% owf) on silk at pH 3-7 and at 100 ˚C 
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Figure 3: Exhaustion of D1-D5 on wool at different dye concentration, pH 4 and at 100 ˚C 
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Figure 4: Exhaustion of D1-D5 on silk at different dye concentration, pH 5 and at 100 ˚C 

 
Table 1: Colorimetric data of dyed wool at pH 4 and silk fabrics at pH 5 using dyes D1-D5 (2% owf) 

at 100°C   

Dye Fabric K/S L* a* b* 

D1 W 8.97 43.04 6.90 0.45 

S 8.12 43.84 6.36 0.31 

D2 W 5.70 44.66 1.14 2.71 

S 5.04 77.72 2.74 5.26 

D3 W 16.86 37.05 7.53 -4.82 

S 14.48 39.29 -2.04 -1.97 

D4 W 37.01 35.01 2.21 -1.59 

S 33.47 37.28 2.01 -0.91 

D5 W 46.58 23.26 1.78 -8.55 

S 44.52 24.33 -0.37 -5.90 

 
L* – lightness, a* – redness if positive coordinate, or greenness if negative coordinate, b* – yellowness if positive 
coordinate, or blueness if negative coordinate 
 

 
 

Table 2: Fastness properties of dyed wool at pH 4 and silk fabrics at pH 5 using dyes D1-D5 (2% 
owf) at   100 °C 

 

Dye Fabric Fastness to 
rubbing 

wash fastness Fastness to Perspiration Light 

Alkaline Acidic 

Dry Wet Alt SC SW Alt SC SW Alt SC SW 

D1 W 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 

S 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 

D2 W 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 

S 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 

D3 W 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 

S 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 

D4 W 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 

S 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 

D5 W 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 

S 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 

 
Alt. color change of dyed sample; SC, staining on cotton; SW staining on wool 

 
 
 
 
 



Fatma A. Mohamed,                                              Dyeing and antimicrobial activity of wool and silk with mixed  dyes 

 

                                                   Bioscience Research, 2018 volume 15(3):1480-1486                                                   1485 

 

Table 3: Effect of wool and silk dyed with dyes (D1-D5) on bacterial activity 
 

Dye Zone of inhibition (diameter in mm 

Staphylococcus aureus Escherichia Coli 

wool silk wool silk 

D1 16.2 15.8 14.9 14.1 

D2 17.8 17.1 16.0 15.3 

D3 18.0 17.2 16.4 16.0 

D4 18.9 18.0 16.9 16.1 

D5 23.1 22.2 20.1 19.0 

CONCLUSION 
At present, textile-dyeing industry uses large 

amount of synthetic dyes to meet the required 
coloration of global consumption of textile due to 
wide range of bright shade, cheaper price and 
favorable fastness properties than natural dyes. 
The application of synthesized acid dye causes 
serious health hazards and negative effect on the 
eco-balance of nature. Also, natural dyes as 
Henna and curcumin have antimicrobial activity 
but required mordants to produce high fastness 
Properties for dyes on wool and silk fabrics. The 
main purpose of this paper (work) is to mix 
synthesized acid dye with natural dyes (Henna, 
curcumin) and dyeing wool and silk fabrics. The 
dyeing were studied with Henna D1, curcumin D2, 
synthesized acid dye D3 and mixed dyes (acid 
dye with Henna D4), (acid dye with curcumin D5). 
The best dyeing conditions were found on the 
wool and silk fabric at pH 4 and pH 5 respectively. 
Also, the results show the higher exhaustion of 
these dyes takes place at 2% owf at 100 °C. From 
studying for all condition (By study all conditions) 
of dyeing of dyes D1-D5 on wool and silk fabrics, 
we prove that the dyeing by mixed dyes D4, D5 
give the best results in fastness properties and 
color strength. Also, the mixed dyes D4, D5 give 
the highest antibacterial activity. 
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