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Introduction

The textile industry is the major consumer of synthetic dyes 
used for dyeing and printing textile materials [1]. Synthetic dyes 
are hazardous, carcinogenic to humans, destructive to ecosystems, 
and toxic to aquatic biodiversity [2]. Due to environmental 
awareness, the extraction of coloring matter from natural 
substrates and their application to textiles has recently received 
significant attention. Several studies have been conducted on 
the extraction of new kind of natural dyes and their application 
to textile materials. The demand for natural dyes is constantly 
increasing as the extraction of natural dyes and their use in textile 
materials are easy and do not require strong acids. In addition, 
natural dyes are biodegradable, non-toxic, non-carcinogenic, 
renewable, and eco-friendly and are readily available. They offer a 
wide range of shades with good color fastness properties [3]. Now, 
it is the need of the hour to use natural dyes instead of synthetic 
dyes for textile applications. Natural dyes can be extracted from 
various parts of plants, such as roots, bark, leaves, fruits, flowers, 
and other natural sources. Natural colorants are not only used for 
their medicinal and antioxidant properties but also to enhance the 
aesthetic value of textiles [4,5].

Wool and silk are natural protein fibers and have a general 
chemical structure of NH2-CHR-COOH. Amino (-NH2) and carboxyl  

 
(-COOH) groups present in the protein fiber take part in the 
dyeing process [6]. Acid and metal complex dyes have an affinity 
towards the protein fiber and amino group present in the protein 
fibers attached to the dye molecules by electrostatic forces and 
hydrogen bonds in acidic pH [7]. Acidic pH increases the amino 
group’s ionization, hence increasing the dye uptake. Natural dues 
also have a very good affinity towards wool and silk fibers and 
give a brighter range of shades [8]. Moreover, Uses of synthetic 
dyes for the dyeing of wool and silk materials retards the goal of 
sustainability.

To address some of the above issues, the current study aimed 
to dye wool fibers with eco-friendly natural dyes extracted from 
the bark of the Bauhinia vahlii plant. Bauhinia vahlii, as shown in 
Figure 1, is a giant climbing plant that can grow up to 10 to 30 m 
long and is one of the most abundant Indian Bauhinia species. This 
plant is distributed in the sub-Himalayan region, Assam, Central 
India, Bihar, Odisha, and the Eastern and Western Ghats of India. 
This plant is commonly known as c”, because of the characteristic 
shape of their leaves and is easily distinguished by the bifid 
(bilobed) leaves with showy flowers ranging from white, yellow 
to purple [3,9]. Bauhinia vahlii is also known as Maloo Creeper or 
Kanchan Lata plant in India and is famous in Siali in Odisha. The 
woody stem can get as thick as 20 cm, and the plant bark is also 

Abstract

The increasing concern about synthetic dyes’ health hazards and environmental impact has sparked consumers’ interest in natural dyes. 
Natural dyes are sustainable, renewable, and biodegradable and do not contain toxic components commonly found in synthetic dyes. The 
extraction of colorants from natural substrates and their application on textiles are becoming popular and reinvestigated. Recently, several 
investigations have been carried out on the extraction of new natural dyes to apply to textile materials. In most cases, a metal salt-based mordant 
and synthetic axillaries are used to fix the dyes on textile materials. Applications of these metal salt base mordant and synthetic axillaries retards 
the sustainability of textile processing.

Considering the above, a bio-color was extracted from Bauhinia vahlii (BV) bark and applied on wool fibers without using metal salt-based 
mordant and synthetic axillaries. The concentrated extract was applied on the superwash wool fibers with different extract concentrations (67% 
and 33% extract concentration) at varied pH [7, 6, 5.5, 5, 4.5, 4] at 90 °C temperature for 60 minutes with 1: 50 as material to liquor ratio. The pH 
of the dye bath was maintained using bio acids (citric acid) extracted from a lemon.

http://dx.doi.org/10.19080/CTFTTE.2022.07.555720
https://juniperpublishers.com/
https://juniperpublishers.com/ctftte


How to cite this article:  Goutam B, Debojyoti G. Application of Bauhinia Vahlii Bark Extract on Wool Fiber. Curr Trends Fashion Technol Textile Eng. 
2022; 7(4): 555720. DOI:10.19080/CTFTTE.2022.07.555720

Current Trends in Fashion Technology & Textile Engineering

050

rich source of fiber. This plant is a member of the Angiospermae 
class and the Leguminosaceae family [3,6,9]. Its leaves and stem 
bark have been used frequently in folk medicine as a therapeutic 

agent to treat diabetes, infections, pains, and inflammatory 
processes confirmed by numerous biological studies [6,7,9].

Figure 1: Bauhinia Vahlii plant.  

The bark of BV is composed of cellulose, hemicellulose, lignin, 
and pectin [10,11]. Bauhinia vahlii bark extract contains various 
phytochemicals, such as alkaloids, carbohydrates, glycosides, 
saponins, flavonoids, triterpenes, anthraquinones, tannins, and 
phenolic compounds [3,11-13]. The presence of tannins and 
anthraquinones in BV bark extract indicates that it can be utilised as 
a coloring agent [3,4,13,14]. Tannin is the primary coloring matter 
found in aqueous BV bark extract, which contains a carboxylic 
group, as shown in Figure 2 (14,15). This coloring matter is a pH-
sensitive halocromic and polygenetic dyes. It changes its color 
with the change in pH. It has a high affinity towards silk and can 
dye silk fibers without a metal salt based mordanting agent, as 
tannin also acts as a self-mordanting agent. Dyeing silk fabric with 
mordants at different pH levels results in different color nuances 
[16,17]. In this current study, wool fibers were dyed with BV bark 
extract under different pH conditions, and colorimetric studies 
were performed.

Experimental

Materials

Superwash Wool fiber having 19.5 microns fineness is 
sourced from Jayashree Textile, India. Bauhinia vahlii plant bark 

was supplied by District Rural Development Agency, Mayurbhanj, 
Odisha, India. The sodium hydroxide of Ramken was purchased 
from Bhubaneswar, India. Lemon juice was extracted from the 
fresh lemon collected from the local market of Bhubaneswar, 
Odisha, India.

Dye extraction from Bauhinia vahlii bark

The extraction process was performed under optimized [M:L 
ratio, temperature, time, and alkali concentration] conditions. 
Initially, BV bark is dried in the shed at ambient temperature and 
later finely chopped. The chopped fibrous material was soaked in 
distilled water at a material-to-liquor ratio of 1:40 for 30 minutes, 
followed by treatment with 20% sodium hydroxide solution for 
2 hours at 95 °C in a Paramount water bath. The extract was 
collected by neutralization with citric acid (bio-acid).

Application of dyes

The superwash wool fiber samples were dyed with the BV 
plant bark extract by exhaust dyeing method. Extracted solutions 
were used directly, having a material-to-liquor ratio of 1:50 in 
two different concentrations with varied pH [7, 6, 5.5, 5, 4.5, 4]. 
In the method I, dye liquor was prepared by taking 67% aqueous 
BV bark extract and the rest water and lemon juice. In another 
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way, 33% aqueous BV bark extract, the rest water, and lemon 
juice. The amount of lemon juice added is based on the acidic pH 
requirement. Dyeing was carried out in a Paramount water bath 

for 1 hour at 90 °C. Dyed samples were rinsed with cold and hot 
water to remove the superficial colorants.

Figure 2: Chemical structure of tannin.

Twelve samples were developed, varying the pH and aqueous 
BV bark extract concentration. Six different pH levels were taken 
for the dyeing, and they are 7, 6, 5.5, 5, 4.5, and 4. Two different 
concentration levels of aqueous BV bark extracted were also 
taken. In the first option, dye liquor was prepared by mixing 67% 
aqueous BV bark extract and 33% mixture of water and lemon 
juice. The lemon juice quantity was varied to achieve the desired 
pH level, and six samples were developed, named A to F, with 
different pH levels, i.e., 7, 6, 5.5, 5, 4.5, and 4. mentioned earlier. 
Similarly, in the second option, 33% aqueous BV bark extract 
was mixed with a 67% mixture of water and lemon juice, and dye 
liquor was obtained. Sample G to L was developed using dye liquor 
prepared in 2nd option with varied pH, as mentioned earlier.

Measurement 

Color strength 

The conditioned wool fiber samples were scanned with a 
Color i7 spectrophotometer of Gretag Macbeth, USA. Scanning was 
performed using SAV aperture (6 mm) with specular reflectance 
(10° observer, D65 illuminant). These samples’ colorimetric values 
(L*, a*, b*, C, hº, and K/S) were measured as per the AATCC testing 
method 173-1998. The color strength of the dyed wool fiber 
samples was expressed as the K/S value. K/S value was calculated 
by the reflectance value of the samples using the Kubelka Munk 
Equation [18].
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K, S, and maxRλ  are the absorption, scattering coefficients, and 
reflectance value at the maximum absorbance wavelength (λmax).

Fastness properties

Wool fiber samples dyed with BV plant bark extracts were 

tested for their color fastness properties. The washing fastness of 
the samples were tested in a launder-o-meter following ISO 105 
C06 test method at 50 °C for 45 min with 5 gram per liter non-
ionic detergent. Color change and the staining on the multifiber 
were accessed using AATCC grey scales. Colorfastness to light 
of the dyed samples was tested according to ISO 105 B02 test 
method, and the tested samples were assessed for change in color 
by AATCC blue wool scale.

Result and discussion

Colorimetric values [L*, a*, b*, c*, hº] and color strength (K/S) of 
wool fiber samples dyed with BV bark extract are tabulated in Table 
1. The K/S value of all the dyed samples is significantly higher than 
that of raw wool fiber, which indicates wool fibers have absorbed 
a substantial amount of coloring matter. With the increase in 
shade depth, the reflectance percent value and the color strength 
(K/S) value increase. Single wavelength (SWL) color strength 
percentage value also depicts the same. K/S value and SWL color 
strength percentage confirm that sample D has a higher shade 
depth percentage than all dyed wool fiber samples. K/S value and 
SWL color strength percentage of sample D are 11.43 and 1574%, 
respectively, when dyed with 67% BV bark extract at pH 5. On 
the other hand, sample G has a lower shade depth percentage, 
having 4.12 and 567% K/S and SWL color strength percentage 
values, respectively. It is also clear from Table 1 and Figure 3 that 
the fiber absorbs less coloring matter at neutral pH (pH7) in both 
67% and 33% BV extract concentration in dyeing and increases 
with a decrease in pH. The wool fiber absorbs tannin in BV bark 
extract due to the electrostatic interaction between the carboxylic 
group in the tannin and the amino group in the wool fiber. A low 
pH increases the degree of ionisation of the amino group in the 
wool fibers, resulting in improved dye uptake [8]. In the neutral 
pH zone, the ionic barrier retards the interaction between the 
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carboxylic and amino groups, resulting in lower dye uptake. The 
slope of the color strength trend line when wool fibers dyed with 
33% BV extract concentration is more than that of the 67% BV 
extract concentration, which indicates that the impact of pH on 
color strength is more in the former one. The higher color strength 
is obtained in a pH range of 4.5 to 5.5 in both options. Moreover, 

the R- squared value (R2) value of color strength graph when wool 
fiber dyed with 33% BV extract concentration is significantly 
higher than the other, which confirms that the color strength 
changes uniformly with the change in pH through pH range from 
4 to 7. Images of all twelve dyed fiber samples are shown in Figure 
4, and the color difference is also visible.

Table 1: Colorimetric values of wool fiber sample dyed with Bauhinia vahlii bark extract.

Sl No. Sample No L* a* b* c* h° K/S Percent strength (Single wavelength)

1 Raw Wool 81.04 -1.09 13.13 13.18 94.74 0.73 100

2 Sample A 45.05 15.91 26.72 31.1 82.4 7.89 1087

3 Sample B 45.57 16.67 31.29 35.46 82.54 9.18 1266

4 Sample C 44.95 16.74 33.59 37.53 82.77 10.76 1482

5 Sample D 44.23 16.32 33.53 37.3 83.01 11.43 1574

6 Sample E 46.83 16.15 36.16 39.61 83.38 10.60 1460

7 Sample F 46.81 15.83 36.44 39.74 83.58 10.90 1501

8 Sample G 51.79 13.36 22.14 25.87 83.38 4.12 567

9 Sample H 51.36 13.88 29.45 32.56 84.03 5.57 767

10 Sample I 49.51 14.15 32.67 35.6 84.2 7.35 1013

11 Sample J 47.76 13.12 31.21 33.86 84.68 7.93 1092

12 Sample K 49.68 14.41 34.02 36.95 84.18 8.09 1114

13 Sample L 48.34 14.11 32.39 35.34 84.2 8.61 1186

Figure 3: Effect of pH on color strength in different concentrations of Bauhinia vahlii bark extract.
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Figure 4: (A-L) Wool fiber samples dyed with Bauhinia vahlii bark extract in different conditions.

Table 2: Color fastness properties of wool fiber dyed with BV bark extract.

Sample 
Number

Color fastness to washing
Color fastness to 

light          Color Change
Staining

Acetate Cotton Nylon Polyester Acrylic Wool

A 2-3 5 4-5 5 5 5 5 6

B 2-3 5 4-5 5 5 5 5 6

C 2-3 5 4-5 5 5 5 5 6

D 2-3 5 4-5 5 5 5 5 6

E 2-3 5 4-0 5 5 5 5 6

F 2-3 5 4-0 5 5 5 5 6

G 2-3 5 4-5 5 5 5 5 5

H 2-3 5 4-5 5 5 5 5 5

I 2-3 5 4-5 5 5 5 5 5

J 2-3 5 4-5 5 5 5 5 5

K 2-3 5 4-5 5 5 5 5 5

L 2-3 5 4-5 5 5 5 5 5

Colorfastness properties 

Table 2 illustrates the color fastness properties of wool fiber 
samples dyed with BV bark extracts. Irrespective of the shade 
depth and dyeing conditions, all the samples show similar test 
results. In colorfastness to washing, significant color change 
(rating 2-3) of the samples was observed; when washed with 
home laundry detergent. The color change happened due to the 
coloring matter’s halochromic effect, i.e., tannins. The halocromic 

effect occurred due to the deprotonation of the phenol oxygen 
present in the aromatic ring of the tannin by a detergent having 
an alkaline pH. Later, when samples are neutralized with acetic 
acid, they return to the original shade. In washing with detergent, 
neutral pH color change is minimal [rating 4]. All the samples 
exhibit very good to excellent results in staining to multifiber. 
Comparatively, darker samples show better colorfastness to light 
properties than lighter samples. Results are acceptable as per the 
standard norms.
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Conclusion

Bauhinia vahlii bark extract is an excellent source of natural 
dye. Wool fibers can easily be dyed with BV bark extract without 
metal salt-based mordants. The shade percentage is enhanced 
when dyed in acidic pH. Colorfastness to washing of the dyed 
samples shows a satisfactory result and is within the acceptable 
limit when washed with neutral pH detergent. Colorfastness to 
light of the dyed fiber samples is found satisfactory. 
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