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Abstract
For the current study, Bougainvillea flowers as environment friendly sustainable source of plant-based natural dye have been 
selected as an alternative to toxic synthetic dyes for dyeing of cotton and silk. Natural colorant from Bougainvillea flowers 
(Bougainvillea glabra) was extracted using aqueous and acidic extraction media. Maximum colorant was extracted in aqueous 
medium, and further it was used for cotton and silk dyeing. The optimum values of the dyeing parameters including dyeing 
time, dye to liquor ratio and salt level as exhausting agent were found to be 30 min, 35-mL liquor ratio and 3.0 g for cotton 
and for silk 45 min dyeing time, 45-mL liquor ratio and 3.0 g exhausting agent in aqueous dye extract. Bio mordanting has 
been applied to attain a variety of color shades. The utilization of 3% of henna, 4% of turmeric for silk pre-mordanting and 
for post-mordanting turmeric at 3% and henna at 4% for silk gave a darker shade. For cotton bio mordanting, 2% turmeric 
rhizome powder, 3% henna leaves powder extract as pre-mordant and 2% turmeric, 3% henna as post-mordant has developed 
a variety of shade. Overall, it has been found that natural colorant from Bougainvillea flowers is the new dye source for bio-
coloration of natural fabrics, and addition of bio mordants has made the process more calming and eco-friendly.

Keywords  Anthocyanin · Bio mordanting · Bougainvillea · Color strength · Cotton and silk fabrics · Henna · Turmeric

Introduction

Textile industry utilizes different chemicals including 
toxic dyes which are non-biodegradable and carcinogenic 
in nature leading to serious threats to the atmosphere 
and human health (Garcia et  al. 2021; Pishgar et  al.  

2022). Day by day, continuous rise in environmental pollution 
and water disposal problems created throughout the world 
are the result of such toxic effluents of textile (Srinivasan 
and Sadasivam 2021; Keyhani et al. 2021). However, some 
disadvantages of synthetic dyes, such as non-biodegradability, 
non-renewability, mutagenicity and carcinogenicity, have 
prompted global researchers to investigate alternative of 
synthetic dyes to reduce environmental pollution and health 
hazards (Fang et al. 2022).

Revival of natural dyes in fabric dyeing is either an 
imperative approach to minimize chemical-based eco-
logical contamination or to revive the art of colorant 
asserts (Yan et al. 2021). Natural dyes are esthetically 
pleasing and are seen as environment friendly alterna-
tives to dangerous synthetic dyes. It has excellent anti-
bacterial, antioxidant (Sadeghi-Kiakhani et al. 2021), UV 
protective (Rather et al. 2021b) and antifungal properties 
(Pal et al. 2021). Bio colorants are gaining widespread 
attraction in varying fields. Their usage is rising in tex-
tile, agriculture, food, cosmetics industry and leather 
processing (Bujak et al. 2021; Brudzyńska et al. 2021). 
These colorants have no issue of waste, where even  
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their waste can be recycled into useful work. The residue 
left after isolation can be added in soil to make it fer-
tile (Habib et al. 2022). These dyes can be beneficial for 
other crops because their sources can be grown with other 
crops. These natural dye extracts are used in Ayurvedic, 
Greek and Chinese medication system to cure various 
diseases. Plant-based colorants give eye-catching shades 
(Shahidi et al. 2021). Hence, natural dyeing as one of the 
traditional cultural assets is reviving their place in the 
world (Mongkholrattanasit et al. 2021).

Bougainvillea (Bougainvillea glabra) is an ornamental 
vine that belongs to the Nyctaginaceae family, and its flower 
is rich in anthocyanin, betaxanthin, betacyanins, quinines, 
chlorophylls, carotenoid, flavonoids, alkaloids, proteins, tan-
nins and phenolic compounds (Tegeli et al. 2019; Maran 
et al. 2015; Shivani et al. 2020; Saleem et al. 2021). Flower 
extract has excellent anti carcinogenic, anti-inflammatory, 
anti-microbial and antioxidant properties. Flowers are eco-
nomically important and are also used as salads and frizzling 
in Thailand. Flowers vary in colors purple, white, orange 
and red. Previously, it has been found that natural colorant 
has been explored from purple and red flowers (Kumar et al. 
2017). But, no such extensive studies have been done regard-
ing fabric dyeing. Current studies have been planned to iso-
late the colorant potential of Bougainvillea (pink) flowers 
and its applications on silk and cotton fabrics as well as con-
version of non-valuable product into value-added product. 
Cotton is the cheapest and famous textile study which has 
cellulosic units. Its terminal unit –OH group is used to bind 
with foreign objects such as –OH of dye and metals (M +) 
(Hosen et al. 2021). Silk is a natural fabric that contains 
fibroin, which serves as a functional moiety (amide linkage) 
for colorant bonding (Habib et al. 2022). For improvement 
in fastness properties, different types of chemical mordant 
have been applied (Manicketh et al. 2021). Currently, plant-
based mordants have also gain popularity due to nontoxic 
and environment friendly nature (Kandasamy et al. 2021; 
Zhang et al. 2022; Zhou et al. 2022).

Current research work aimed at the extraction of natu-
ral colorants from Bougainvillea flowers using aqueous and 
acidic mediums and the application of extracted natural col-
orant on silk and cotton fabric.

Methodology

Sample collection

Bougainvillea (Bougainvillea glabra) flowers were collected 
from Burewala, Pakistan. Plant material was washed, dried 
and ground into a fine powder. Dye was used for the dye-
ing of cotton and silk fabrics. Cotton and silk fabric were 

procured from the local market of Faisalabad, Pakistan. 
All chemicals used were commercial (Pak made). Sources 
of biological effective bio mordants such as turmeric rhi-
zomes (Curcuma longa) and henna (Lawsonia inermis) 
were obtained from the herbal market of Burewala Pakistan, 
washed, dried and finely ground.

Extraction of natural colorant

To extract colorant from Bougainvillea f lowers, two 
extraction media, such as aqueous and acidic (vinegar 
4 mL/96 mL = v/v), were employed by boiling 4.0 g of 
dye powder with 100 mL of aqueous and acidic media 
for 45 min on a hot plate. After boiling, filtrates were 
employed for silk and cotton dyeing at the Department 
of Chemistry, University of Education, Vehari Campus, 
Pakistan. The dyeing of the fabric was carried out at vari-
able selected conditions.

Optimization of dyeing parameters

To evaluate one of the optimum conditions for dyeing, opti-
mization of dyeing conditions has been done.

Dyeing time = 15, 30, 45, 60 and 75 min.
Material to liquid ratio (g:mL) = 1:25, 1:35, 1:45, 1:55 

and 1:65.
Material to liquor ratio means for 1 g fabric 25–65 mL 

of extract
Salt amount = 1 g–5 g/100 mL.

Bio mordanting

For shade development, bio mordants like turmeric (Cur-
cuma longa) and henna (Lawsonia inermis) in varying 
concentration (1–5 g in 100 mL of water) were boiled for 
30 min. For applying the extracted mordants, the fabrics 
were boiled in the extracted bio mordant solution before 
and after dyeing as per procedure described by Habib et al. 
(2022). After the treatment, the mordanted fabrics were 
washed in water to remove the loosely fixed mordants 
(Batool et al. 2022a, b).

Evaluation of color strength and color fastness 
properties

For evaluation of color strength properties, dyed and mor-
danted samples have been investigated using Spectra Flash 
SF 600 at the Department of Chemistry, Government Col-
lege University Faisalabad using Kubelka–Munk equation 
K/S = (1 − R2)/2R. ISO standard methods for light fastness 
(ISO 105-B02), for washing fastness (ISO 105-CO6) and for 
dry rubbing fastness (ISO 105-X12) were employed.
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Results and discussion

Extraction of colorant from Bougainvillea was carried 
out using aqueous and acidic media. It has been observed 
that maximum colorant was extracted in aqueous medium 
as compared to acidic medium (Table 1). Optimization 
results given in Fig. 1a show that utilization of aqueous 
dye extract for 45 min has given excellent color strength 
onto silk fabric. In comparison, the dyeing of cotton for 
30 min has given better color strength (Fig. 2a), while, 
silk has shown more affinity towards colorant than cot-
ton fabric. Moreover, above optimal dyeing time caused 
desorption of colorant molecules and reduces the dye 
fabric interactions and as a result gave low color strength 
on dyed sample (Singhee and Samanta 2019). Hence, 
45 min., for silk dyeing and 30-min., dyeing time for 
cotton were found to be optimal dyeing concentration to 

achieve excellent K/S value. The volume of plant extract 
also plays an important role in dyeing, because only an 
optimal volume fills the voids of fabrics (silk/cotton) to 
give desired results. The data displayed in Figs. 2b and 
3b show that for silk 45 mL and for cotton 35 mL of 
optimal dye extract should be used to get maximum color 
strength, while using 45 mL of extract for silk and 35 mL 
of extract for cotton dyeing has shown maximum color 
strength. Salt is always preferred to be used during dye-
ing in the textile industry. In natural dyeing, its effect 
can be seen in various studies (Hussaan et al. 2017). In 
recent studies, the result (Figs. 2c and 3c) shows that 
3 g/100 mL of salt for silk and for cotton has exhausted 
the dye bath to show maximum color strength. Similarly, 
using aqueous dye extract having 3 g/100 mL of salt 
for silk and for cotton has given excellent results. The 
purpose of salt is to give a suitable atmosphere for the 
colorant to interact with the fabric through short-range 
forces via excellent exhaustion (Jabar et al. 2021). Low 
concentration of salt failed to give maximum colorant, 
whereas above 3 g/100 mL causes over exhaustion and 
leads to minimum color strength. In both cases, upon 
washing, a lot of unfixed colorant are lost and low color 
strength (K/S) is achieved.

Bio mordanting being an eco-friendly process has 
gained significant importance in producing a variety 

Table 1   Color strength (K/S) value of dyed silk and cotton fabric in 
natural dye extracted in aqueous and acidic extraction media

Extraction media Level% (Silk sample) 
K/S value

(Cotton 
sample) K/S 
value

Aqueous 100 2.3401 1.9781
Acidic (vinegar) 4 0.1032 1.1304

Fig. 1   Chemical structure of 
Anthocyanin of Bougainvil-
lea flower and bio mordants 
henna (Lawson) and turmeric 
(Curcumin)
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of shades on naturally dyed fabrics (Zhou et al. 2022). 
Previous works report that a large number of herbal 
sources has been used as fixative agents in natural dye-
ing (Ghaheh et al. 2021; Bhandari et al. 2021; Adeel 
et al. 2022). In this study, in order to produce a variety 
of shades with higher fastness rating, turmeric and henna 
extract have been employed as pre and post bio mordants. 
Pre-mordanting results show the impact of varying level 
of bio mordants on the color shade of silk and cotton 
fabrics dyed using optimized dye extracts of Bougain-
villea flowers. Bio pre-mordanting results (Fig. 4a) of 
silk fabric dyed with optimal extract at given conditions 
show that 4% turmeric (Curcumin) and 3% henna (Law-
son) gave a darker shade with high color strength (K/S), 
whereas in case of cotton fabric 2% turmeric (Curcumin) 
and 3% henna (Lawson) as pre bio mordant produced 
darker shades (Fig.  5a). Functional active molecules 
of bio mordant interact with –OH of dye molecule and 
with –OH of cellulosic unit of cotton fabric and amido 

unit of silk via H intramolecular bonding (Fig. 6a, b) to 
produce promising shades (Hosseinnezhad et al. 2021; 
Zhang et al. 2021).

Similarly, the application of turmeric and henna 
extract after the dyeing of silk and cotton with Bou-
gainvillea dye extract has given the desired results 
(Figs. 4b and 5b). The graph containing data (Fig. 4b) 
shows that for silk, 3% turmeric (Curcumin) and 4% 
henna (Lawson), while 2% turmeric and 3% henna 
(Lawson) for cotton after dyeing (Fig. 5b) have given a 
darker shade with good fastness properties. Compara-
tively, bio post-mordanting has given excellent results 
by developing darker shades and improving fastness rat-
ings (Table 2) . This is due to the bonding created by 
the use of plant-based anchors (bio mordants) and the 
conjugation existing in the functional molecules of bio 
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salt conc. on the color strength of dyed silk fabrics using aqueous dye 
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mordants. It has also been observed that both of these bio 
mordants have contributed to develop new shade that has 
resisted on detachment from the dyed material (Lykidou 
et al. 2021).

Colorfastness rating of mordanted silk and cotton fab-
rics was accessed. The results presented in Table 3 show 
that bio mordants improved the fastness properties of 
mordanted fabrics. In case of silk bio mordanting, post-
mordanted samples gave higher fastness rating in contrast 
to silk pre-mordanting. Optimal mordanted samples, 3% 
turmeric post-mordanted sample and 4% henna post-
mordanted sample gave maximum color fastness rating. 
In case of cotton bio mordanting, post-mordanted cotton 
gave higher fastness rating in contrast to cotton pre-mor-
danting. Hence, 2% turmeric post-mordanted cotton and 
3% henna post-mordanted sample gave maximum color 

fastness rating. Bio mordant enhances colorfastness rating 
more effectively against various agencies light, washing 
and rubbing fastness. This might be due to occurrence of 
strong H-bonding with the dye component and with fab-
rics which in turn resist against light, rubbing and wash-
ing (Rather et al. 2021a; Dhanania et al. 2021). Hence, 
eco-friendly sources of mordants have developed good 
shades.

Conclusion

Bougainvillea flowers have been proved to be a sustain-
able natural colorant. Natural colorant has been extracted 
from Bougainvillea flowers using aqueous and acidic 
medium, where maximum colorant has been extracted in 
aqueous medium proved to be excellent and environment 
friendly medium to give maximum color strength onto 
the fabric. Optimized dyeing levels for cotton dyeing in 
aqueous were found to be 30-min dyeing time, 35-mL 
dye to liquor ratio and 3% salt level as exhausting agent. 
Similarly, in the case of silk dyeing, 45-min dyeing time, 
45-mL volume ratio and 3% salt concentration proved 
to be optimized dyeing levels. Bio mordanting has been 
applied to attain a variety of color shades. Bio mordanting 
of cotton and silk fabrics using bio mordants like henna 
and turmeric gave a darker shade. Overall, 4% turmeric 
pre-mordanted silk, 3% henna pre-mordanted silk, 2% 
turmeric pre-mordanted cotton and 3% henna pre-mor-
danted cotton fabrics were optimized mordanted samples 
in terms of producing darker hue with respect to higher 
color strength (K/S) value, while in case of bio post-mor-
danting of silk, 3% turmeric and 4% henna and in cotton 

Fig. 4   Impact of bio mordants 
on the color strength of (a) 
pre-mordanted silk and (b) 
post-mordanted silk fabrics 
dyed using aqueous extract of 
Bougainvillea flowers
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Table 2   Color characteristics 
and shade of bio mordanted 
silk and cotton fabrics dyed in 
Bougainvillea dye extract

Silk 

Mordanted sample L* a* b* Color shade
Control 75.45 7.44 22.45

Turmeric4% pre 

mordanted fabric

59.92 5.77 55.88

Turmeric 3% post 

mordanted fabric

57.84 18.39 62.97

Henna 3% pre 

mordanted fabric

67.89 3.35 20.77

Henna 4% post 

mordanted fabric

53.24 15.15 33.51

Cotton 

Control 78.22 3.39 19.79

Turmeric 2% pre 

mordanted fabric

75.22 1.39 41.79

Turmeric 2% post 

mordanted  fabric

66.96 9.93 50.15

Henna 3% pre 

mordanted fabric

74.83 2.20 9.36

Henna 3% post 

mordanted fabric

65.44 11.22 28.15

Table 3   Impact of bio mordants 
on the color fastness properties 
of silk and cotton fabric dyed 
using Bougainvillea flowers dye 
extract

LF light fastness, WF washing fastness, RF rubbing fastness

Mordant type Mordant conc. 
%

Turmeric Henna

LF WF DRF LF WF DRF

Control 3/4 3 3/4 3 3 3/4
Pre-mordant (Silk) 1 3 3/4 3 3 3 3/4

2 3/4 3 5 ¾ 3 4/5
3 3/4 5 4 4 4 5
4 5 4 5 5 3/4 4/5
5 4 3 3/4 3 4/5 5

Post-mordant (Silk) 1 3/4 3 4/5 4/5 3/4 3
2 4 3/4 3 3 4/5 3/4
3 4 5 4 4/5 4 3
4 3 3/4 5 5 4 5
5 3/4 4 4 4 3 4/5

Control 4 3/4 3 3/4 3/4 3
Pre-mordant (Cotton) 1 3 4/5 3/4 3 4/5 3/4

2 5 5 4 3/4 3 4/5
3 3 5 4 4 4 5
4 3 4/5 3 5 3/4 4/5
5 3/4 3 4 3 4/5 5

Post-mordant (Cotton) 1 3 3 4 4 3/4 3
2 5 4 5 3 3 3/4
3 3/4 4 4/5 4 5 4
4 3 3/4 5 3 3 5
5 4 4/5 3 3/4 4 3
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bio post-mordanting, 2% turmeric and 3% henna gave 
a darker shade in terms of higher color strength (K/S) 
value. All mordanted fabrics showed excellent fastness 
ratings in term of light, rubbing and washing fastness. 
Fastness results showed that optimum mordanted fabrics 
gave higher fastness properties such as colorfastness to 
washing, light and dry rubbing. In future, Bougainvillea 
flowers could be an excellent source of natural colorant 
and lead to ecofriendly textiles in terms of producing a 
sustainable environment.
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