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Abstract 

 
Of late, dyeing fabrics with natural colorants have been the attention of the industry. Natural colorants especially from plants have the 

advantage of being friendly towards the environment as the extraction, processing and dyeing procedures are considered green and safe. 
However, most natural dyes have poor colourfastness and needed mordants to improve their dyeability. In this study, the addition of 
Entada spiralis was utilized as a surface modifier to improve dyeability on 100% silk fabrics using extracts from red cabbage. The plant 
serves as a surface-active agent to reduce the surface tension of the fabrics. The surfactant is also a natural resource and therefore is not 
harmful to the environment. The Entada spiralis was extracted through boiling for 30 minutes on a hot plate before treating the extracts 
on the fabrics. During dyeing, lime was used as the mordant simultaneously with dyeing. The dyed fabrics were evaluated for colorfast-
ness to washing, rubbing/crocking and perspiration using the Gray Scale Standard. In addition, the dyed fabrics were also measured for 
their colour strength, colour coordinates and % reflectance. The results showed that dyed fabrics with Entada spiralis have darker shades 

in comparisons with the untreated fabric. 
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1. Introduction 

Synthetic dyes have been the dominant material for dyeing of 

textiles. The dyes can be easily obtained from the market and 
available in a wide range of colours with excellent overall colour-
fastness. Nevertheless, synthetic dyes are harmful to the environ-
ment. They are made from chemicals, relatively costly, toxic, not 
biodegradable and can cause health effects such as skin irritation 
[1]. Some researchers have identified that most azo-based synthet-
ic dyes are harmful towards the ecology and human health as these 
dyes produce toxic chemicals [2, 3]. As an alternative, natural 

dyes have gained a lot of interests as most of the processing meth-
ods do not contain harmful chemicals.   
Natural colours can be obtained from plants, insects, minerals and 
have been used since ancient time for textile coloration [4, 5]. 
Natural dyes produce uncommon, soft shades that are soothing to 
the eyes [6] which have that calm feeling and harmony with nature 
[7]. Saxena [7] also added that not only natural dyes are biode-
gradable, the residual vegetal matter after the extraction process 

could easily be composed or used as fertilizers. Besides the con-
ventional boiling water extraction, natural dyes have been extract-
ed using alternative methods such as using gamma, ultraviolet 
(UV), microwave and ultrasonic machines that may be able to 
save energy with low-temperature processing [8, 9]. Researchers 
have also found that certain natural dyes have unique properties 
such as antimicrobial [10, 11, 12], insect repellent [13], deodoriz-
ing effects [14], and UV-protection [15, 16].   

In this study, red cabbage or also known as Brassica oleracea L. 
was used as the natural dye source while Entada spiralis was used 
as a natural surfactant to treat the fabric samples before the dyeing 
process. According to Bruno et al. [17], pure extracts from red 

cabbage have shown to have antimicrobial effect under ambient 

conditions and can prevent microbial activity against Staphylococ-
cus aureus pathogen. In addition, red cabbage is stable when ex-
posed to temperature or UV radiation. A study by Ben Ticha [18] 
indicated that the dyeability of natural fabrics with colorants ex-
tracted from red cabbage can be improved by applying some cati-
onic groups on the fiber. Hence, Entada spiralis was proposed in 
this study. Entada spiralis, also known locally as “beluru” or 
“sintok”, a tree that grows freely and abundantly in Malaysia. The 

tree barks have many benefits and have been used as a shampoo, 
soap and also relieving treatment such as insect bites [19]. This 
plant can also be an antimicrobial and antifungal agent that can 
prevent from any fungal pathogens [20]. According to Olajide [21], 
Entada spiralis could be used to treat diseases such as bronchitis, 
coughs, miscarriage, and fever. The stem bark has saponin in the 
treatment of scalp which can avoid bacteria and skin epidermis.  
Mordants are used to fix the dye on the fabric effectively. Differ-

ent types of mordants will give different colour shades on the 
fabric. Baliarsingh [22] and Saxena [7] stated that the effective-
ness of mordant on colour has been proven to give good wash 
fastness as the mordant forms an insoluble complex with the dye.   

2. Experimental 

2.1. Materials 

The study used 100% plain silk fabric while lime was used as the 
mordant during dyeing. Red cabbage was purchased from a local 
market. The barks of Entada spiralis (Figure 1) were obtained 
from local sources in the state of Kelantan, Malaysia.   
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Figure 1: The barks of Entada spiralis 

 

2.2.1 Natural dye extraction 
 
The boiling water extraction method was used to extract the col-
ours from the red cabbage. The red cabbage was first chopped into 
small pieces and then grinded using a dry blender into much 
smaller sizes. In the extraction process, a liquor ratio of 1:20 was 

used. The Entada spiralis plant was also extracted through the 
same method and with the same liquor ratio. The extracted mix-
tures were then cooled down and sieved before using them to dye 
the fabric.   
 

2.2.2 Dyeing and mordanting 
 
Exhaust dyeing was performed onto the silk fabrics using the red 
cabbage extracted colorants. Before the dyeing process, the fabrics 
were treated with Entada spiralis, acting as a surfactant to enhance 

the surface of the fabric. The dyeing process took 60 minutes at 
80˚C with a liquor ratio of 1:20. Meta-mordanting method was 
used where dyeing and mordanting, using lime, were done simul-
taneously. The use of mordant was about 2 % of the weight of the 
fabric. After dyeing and mordanting, the samples were squeezed, 
rinsed and dried.   
 

2.2.3 Colour Measurements 
 
The shades of the dyed fabrics were measured using HunterLab 

LabScan XE spectrophotometer and analysed using EasyMatch 
QC software. The results are given as L*, a*, b* which are the 
colour coordinates. The L* values gives the lightness or darkness 
in which a 0 value indicates black while a 100 value indicates 
white. As for the a* values, the (+a) values indicates redness while 
(-a) values indicate greenness. As for b*, the (+b) shows yellow-
ness while the (-b) values shows blueness. In addition, the colour 
strength (K/S) and percent reflectance values were also given by 

the spectrophotometer. The K/S values were calculated using the 
Kubelka-Monk equation (Equation 1) to determine the dye uptake 
for the sample which was at maximum absorption wavelength 
from the reflectance value.  
 

                                                                  (1)  

 
The dyed fabrics were also measured for their colourfastness 
properties towards washing, rubbing/crocking (in dry and wet 
condition), perspiration and light fastness in accordance to the 
respective standard test methods (Malaysian Standards, MS ISO). 
The changes in colour were observed using a standard Gray Scale 

Rating under a D65 CIE Standard Illuminant light inside a Colour 
Matching cabinet. Figure 2 and 3 show the lightfastness machine 
and crockmeter that was used to test the dyed silk fabric. Table 1 
shows the standard methods for colour assessments.  
 

 
Figure 2: The lightfastness machine 

 

 
Figure 3: The crockmeter machine for rubbing/crocking test 

 
Table 1: The Colorfastness Assessments by using Standard Methods 

Colourfastness Standard Methods Equipments 

Perspiration MS ISO 105 – E04 – 1996  

MS ISO 105 - A05 – 2003  

MS ISO 105 – A04 - 2003  

Perspirometer  

Change in color  

Staining  

Washing MS ISO 105 - C01 – 1996  

MS ISO 105 - A05 – 2003  

MS ISO 105 – A04 - 2003  

Auto wash  

Change in color  

Staining  

Light MS ISO 105-B02-2001 

Light 

Light 

Fastness 

Tester 

Crocking/ 

Rubbing 

MS ISO 105 – X12 – 2001  

MS ISO 105 – A04 - 2003  

Crockmeter  

Staining  

3. Results and Discussion 

3.1 Shades of the dyed samples 

 
An example of the colour shades obtained after dyeing for both 
untreated and treated samples are shown in Table 2. It can be seen 

that the sample treated with Entada spiralis prior to dyeing have a 
darker shade in comparisons with the untreated sample. This result 
was supported by the colour coordinates or the L*a*b* values 
given in Table 3 and illustrated in Figure 4.  
It can be seen from Table 2 that the untreated sample have some-
what lower L*, a*, b* values than the samples treated with Entada 
spilaris. The treated sample is darker (lower L*) and is somewhat 
more reddish and brownish in comparisons with the untreated 

sample. It can be seen the treated sample has 78.36 value in reflec-
tance which is much lower than the untreated sample. The treated 
sample with lower L* value gave darker colour shade. The un-
treated sample has a 83.93 value in reflectance. A higher L* value 
indicated light shades of colour. Basically, the treated samples 
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with Entada spiralis as the surfactant contributed to give much 
darker colour shades to the dyed fabrics.   
 

Table 2: Shades of the dyed fabrics 

Untreated Treated with Entada spiralis 

 

 
 

 

 

 
Table 3: L*a*b* values of the samples 

 L* a* b* dL* da* db* K/S 

Control 

sample 

90.69 2.40 -6.26 90.69 2.40 -6.26 0.65 

Untreated 

sample 

83.93 3.85 -2.93 -6.76 1.45 3.33 0.70 

Treated 

sample 

  

78.36 5.28 1.90 -12.33 2.87 8.16 0.87 

 

From Table 3, it can be seen that the L* value for the control (un-
dyed) sample is 90.69 while the a* value is 2.40 and b* value, -
6.26. The differences between the untreated sample and undyed 
sample (dL*) is -6.76. This means that the untreated sample has a 
slight darker shade than the control sample, which was due to the 
red cabbage dye. The +a value indicates reddish colour. The un-
treated sample has a value of 3.85 for a*, and the differences be-
tween the untreated and undyed samples is 1.45. The –b indicates 
blueish colour. The b* value for the untreated sample is -2.93. The 

db* value is 3.33, which means that the untreated sample’s colour 
is more to reddish and yellowish compared to the control sample. 
The differences between the control sample and treated sample is -
12.33. This data showed the treated sample has a darker colour 
shade than the undyed and untreated samples. The L* value for the 
treated sample has the lowest reflectance value compared to other 
samples. The differences of the a* value for the undyed and treat-
ed sample is 2.87. This indicates that the sample is more reddish in 

colour compared to the untreated sample. The differences in the b* 
value for the undyed and treated sample is 8.16. The treated sam-
ple has a darker shade in yellowish colour compared to the un-
treated sample. The Entada spiralis gave the dyed fabrics a darker 
colour shade compared to samples without Entada spiralis as the 
surfactant. The coordinates for a* b* are plotted in 2D plots as 
shown in Figure 4. In the figure, number 1 is the treated sample 
while number 2 is the untreated sample.  

 
Figure 4: 2D Plot representing the shades of the untreated and treated 

samples 

3.2 Colour Strength 

 
The colour strength (K/S) and % reflectance curves are shown in 

Figures 5 and 6, respectively. It can be seen that all the dyed sam-
ples showed similar curves because they came from the same 
sources, red cabbage and Entada spiralis. The K/S value for the 
treated sample is higher than the untreated sample. The K/S value 
for the treated sample is 0.87 while the untreated sample is 0.70. 
This clearly shows that the treated samples has a higher reflec-
tance and is less absorbance. While for the untreated sample, it has 
a lower K/S value due to the higher absorbance and lower reflec-

tance values. In general, the treated fabrics gave higher K/S value 
with the presence of Entada spiralis as a surfactant. It is under-
stood that when the reflectance is more, the absorbance is less and 
when reflectance is less, the absorbance is more. Color strength 
(K/S) is one of the most important parameter to test the quality 
measurement of a sample in terms of depth of the color dyed fab-
ric. Figures 7 and 8 show the K/S value at the minimum wave-
length and % reflectance. 

 

  
Figure 5: K/S Chart for the dyed samples 
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Figure 7: K/S chart at the minimum wavelength  
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Figure 8: % Reflectance chart treated sample. 

 

3.3 Colourfastness properties 

 
Table 4 shows the results of colourfastness properties from the 
dyed silk fabrics. For wash fastness properties, the untreated sam-
ple’s rating is 3/4 for change in colour but the treated sample gave 

a rating of 4/5 which is considered as having good colourfastness. 
The untreated sample gave moderate colourfastness which indi-
cates some colour fading after washing. The staining on the silk 
and cotton fabrics for the treated sample is rated at 4/5 indicating 
having slight staining on the fabric. The staining for the untreated 
sample on the silk and cotton fabric also was rated at 4/5 which 
similarly indicates slight staining on the fabric. The fastness for 
perspiration was rated as having good colourfastness for both 
samples as they had a 4/5 rating. For staining, the cotton and silk 

fabric also gave 4/5 rate which is good staining properties on the 
fabric. This shows that it has good colourfastness on perspiration. 
For rubbing fastness, in dry and wet conditions, both samples 
were rated at 5 which show excellent colourfastness to rubbing. 
Unfortunately, the light fastness properties results were rated at 2 
indicating poor colourfastness for both samples as they were 
found to fade when exposed to light. Table 5 shows the changes in 
colour of the fabrics after the colourfastness assessment.  

 
Table 4: The results for colorfastness properties 

Test   Untreated sample  Treated sample  

Washing  
-  
-  

Silk  
Cotton  

3/4  
4/5  
4/5  

4/5  
4/5  
4/5  

Perspiration  
-  
-  

Silk  
Cotton  

4/5  
4/5  
4/5  

4/5  
4/5  
4/5  

Rubbing  
-  
-  Dry Wet  

  
5  
5  

  
5  
5  

Light   2  2  

 
Table 5: The colourfastness result samples 

Test  Untreated sample Treated sample 

Washing  

 

 

 

 

 
 

 

 

 Perspiration 

 

  

 

 

 
 

 

Light 

 

 

 

 

 
 

 

 

 

4. Conclusion 

 
From the study, it can be concluded that silk fabrics can be dyed 
with natural dyes and surfactant to give darker colour shades than 
on untreated fabrics. The barks of Entada spiralis acted as a sur-
factant to fix the colour of the red cabbage on the silk fabric giv-
ing dark shades from light reddish to dark reddish. For the colour 
strength, higher reflectance was observed to be given by the un-
treated sample. Higher reflectance means lighter colour shades 

while lower reflectance gives darker colour shades. Fabric sam-
ples that were treated with Entada spiralis gave darker colour 
shades. The higher K/S values indicate higher colour strength and 
gave darker colour shades on the silk fabric. This was confirmed 
with the lower L* values. For the treated fabric samples, good 
colourfastness were obtained for washing, perspiration and rub-
bing/crocking but somehow gave poor colorfastness in the light 
fastness test. 
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