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Abstract
Ecofriendly exploration of Arjun bark (Terminalia arjuna) is a herbal natural colorant for cotton dyeing. This is because the
demand for natural dyes has been increased worldwide due to their therapeutic usage and other food, textiles, agriculture,
engineering, and medical applications. Therefore, this study has been carried out due to the isolation of colorant from Arjun
bark in an acidified methanolic medium after exposure to ultrasonic rays up to 60 min. Additionally, using bio-mordants, it has
been found that the application of 10% of Zeera (Cuminum cyminum) extract as meta-bio-mordant, 3% of Ilaichi (Elettaria
cardamomum) extract as meta-bio-mordant, and10 % of Harmal (Peganum harmala) and Neem (Azadirachta indica) extract as
meta-bio-mordants has given excellent color strength. These bio-mordants have not only made the coloration process more eco-
friendly, viable, and greener, but also improved color strength with various tonal effects from red to reddish brown shades. Thus,
it has been found that ultrasonic treatment as an environment-friendly tool has not only enhanced the color strength of natural
colorant isolated from Arjun bark onto the cotton fabric under mild conditions.
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Introduction

Effluent shed by industries have a big share in global warming
(Rani and Shanker 2021;Mahdi et al. 2021). Even their wastes in
form of toxic, non-desirable chemicals are destroying water bod-
ies, agri-land, and atmospherewhich in turn destroy the beauty of
the globe (Bhatia et al. 2017; Reck et al. 2020). Their preserves in
the water system are causing a low level of photosynthesis which
in turn not only destroying aquaculture but also creating many

lethal and carcinogenic diseases (Ahsan et al. 2020; Hynes et al.
2020). Many world-renowned associations such as the
Environmental Protection Agency (EPA), Food and
Agriculture Organization (FAO), Ecological and Toxicological
Associations of Dyes and Pigments (ETAD), and World Health
Organization (WHO) have now seriously taken this matter under
observation and compelled the stakeholders, industrialists, and
traders that such carcinogenic products should be replaced with
green, sustainable, and eco-friendly products in all applied fields
(Ahmed et al. 2019; Iyer 2018; Adeel et al. 2020a).

Plants, insects, fungi, algae, minerals, flora, and fauna are
the biggest source of bio-colors. Due to having excellent bio-
logical characteristics and herbal nature natural colorants, these
not only have bright shades but also pose no threat to global
(Yılmaz and Bahtiyari 2020). Their waste can be recycled, and
even the waste crude material can act as fertilizer for agri-land.
Their handling does not need any care, and their utilization is
much fruitful for heating a sustainable lifestyle (Silva et al.
2020). Due to such benefits, industrialists are using them in
almost every field (Rashdi et al. 2020).

Arjun (Terminalia arjuna) being an evergreen plant with a
supported trunk belongs to the Combretaceae family (Devi
et al. 2020; Saivaraj and Chandramohan 2018). It is used
widely in the field of Chinese, Greek, and Ayurvedic
(Indian) schools of medicine due to its excellent anti-ischemic,
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anti-oxidant, anti-inflammatory, anti-bacterial, anti-mutagen-
ic, anti-viral, anti-acne, and anti-cancer activities (Adeel et al.
2021a; Amalraj and Gopi 2017). Because of these properties,
it is used to cure cardiac stress, dysentery, asthma, skin aller-
gies, and oral cavity infection and is considered an excellent
tonic for the heart and cancer (Khaliq and Fahim 2018). The
phytochemical analysis of Arjun bark shows that it contains
tannin, flavonoids, triterpenoids, saponins, sterol, arjunic acid,
baicalein, gallic acid, ellagic acid, etc. (Ahmed et al. 2019;
Chitte and Chaphalkar 2017; Rane et al. 2017). Among all
these constituents, ellagic acid and baicalein are responsible
for imparting reddish-brown color onto natural fabrics
(Amutha and Sudhapriya 2020).

Recent advances in natural dyeing not only help to develop
modern tools for inventing the new raw material but also give
benefits for the production and application of natural dyes on
textiles. Bio-mordants also increase the color shades and im-
prove the adherence of natural dye to the fabric to enhance its
colorfastness properties (Amanuel et al. 2019). Bio-mordants
having excellent biological properties and medicinal impor-
tance are now gaining widespread fame due to their green
application. After dyeing, the functional molecules acting as
bio-mordants transfer their bio-medico properties into the fab-
rics, which are very useful for the community form health
point of view. This work is showing the application of such
plant-based extract which is not only excellent in their biolog-
ical and medicinal properties but also making the dyeing pro-
cessmore soothing and sustainable with firm shades. From the
sustainable point of view, textile researchers, traders, and oth-
er associated companies are trying to standardize the extrac-
tion process for getting stable and strong shades with high
extraction yields (Kumar et al. 2021). For this purpose, mod-
ern techniques such as microwave, ultrasonic, ultraviolet,
gamma, and plasma radiation (Haji 2019) are being intro-
duced for saving time, labor cost, energy, and chemicals in
textile processing which not only adds value in color addition
using natural dye but also improves dye uptake ability of the
fabric and color characteristics (Naebe et al. 2021; Yeong
et al. 2021). Among all these techniques, ultrasonic-assisted
extraction (UAE) is used to extract the natural colorants from
natural sources as they can accelerate the mass transfer kinet-
ics and increase the yield of extraction through homogeneous
heating of the extracted (Fadil et al. 2021; Rodsamran and
Sothornvit 2019). This method provides instant mixing for
the frontier layer of liquid of fabric. In the ultrasound extrac-
tion method, the sonication mechanism produces two mecha-
nisms of cavitation and heating as cavitation molecules strike
at the surface of a solid substrate and generate strong waves
leading to fast mixing of the modified layer (Baig et al. 2021;
Martínez-Ramos et al. 2020). The molecules disperse thor-
oughly on the surface, and air is removed through cavitation.
It increases the dye uptake by physically improving the sur-
face of the fabric (Fomo et al. 2020; Chen et al. 2018). It

ruptures the cell wall without physically damaging the phys-
iological characteristic making the ultrasonic method more
efficient, cost-saving, energy, and labor-efficient method
(Sadeghi-Kiakhani et al. 2021).

The current study has aimed:

(i) The advantages of bio-mordants for shade strength and
US rays for isolation yield

(ii) To explore the coloring behavior of Arjun bark colorant
for fabric dye using optimum irradiation

(iii) To isolate colorant in a suitable medium using an opti-
mal level of US irradiation

(iv) To get good color strength with excellent color
characteristics

Collection of materials

Arjun bark (Terminalia arjuna) was purchased from the na-
tive market in Faisalabad, washed with tap water, dried, and
ground finely to get crude powder. After sieving, up to 20
mesh, the uniform powder was saved in glass jars to use for
further extraction and dyeing experiments. Cotton fabric (pre-
treated) was obtained from the Faisalabad Textile market and
washed with neutral soap at 60°C for 30 min. to make it ready
for coloration. All the chemicals used in extraction and
mordanting were of the commercial scale.

Extraction and irradiation process

For the extraction of functional biological components (natural
colorant) from Arjun bark, the particular amount of powder
(4g) was boiled with the acidified methanolic medium for 1
h, keeping powder amount to a medium ratio (P: A) of 1:25
(Adeel et al. 2021a). Extract after filtration and ready to dye
cotton fabrics were ultrasonically irradiated for 15–60 min
using Rohs US bath (70 kHz, 200 watts). Irradiated and un-
irradiated obtained extracts were applied to dye irradiated and
un-irradiated cotton fabrics at 70°C for 45min for obtaining
extraction and irradiation condition.

Mordanting process for tint development

The bio-mordants such as Zeera (Cuminum cyminum), ilaichi
(Elettaria cardamomum), Harmal (Peganum harmala), and
neem (Azadirachta indica) were used. In this study, extracts
of plants such as harmal, neem, zeera, and ilaichi as bio-
mordants have been employed before, after and during dyeing
at 60 °C for 45 min using fabric to the mordant ratio of 1:25.
The extract of bio-mordants (1–10%) was prepared by follow-
ing the already documented methods of Adeel et al. (2020b).
After completion of the mordanting process, then mordanted
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fabrics were sent to the CIE Lab system for the evaluation of
color strength and color coordinate values.

Evaluation of dyed fabric

Color strength (K/S) of all dyed fabrics and shade quality
parameters (L*, a*, b*) were determined using Kubelka
Munk equation (K/S = (1–R)2/2R) which has been pro-
grammed in Spectra flash SF 600 (Data Color, USA).

Results and discussion

The role of ultrasonic radiation has been observed promising in
every field of life. This is because waves having sustainable na-
ture by the production of acoustic cavitation transfer energy into
the matrix by rupturing its outer boundary (Baig et al. 2021;
Kumar et al. 2021). After the collision of rays with matrix, the

plant cell wall ruptures to enhance the transfer of mass (colorant)
into solvent by penetrating deeply and thiskinetics gives promis-
ing interaction of powder with solvent to isolate functional bio-
molecules (natural colorants) (Ojha et al. 2020). The same situa-
tion has been observed in our studies during isolation of colorant
from Arjun bark for cotton dyeing. It has been found that unirra-
diated acidified methanolic extract of Arjun bark (NRE) has giv-
en high color yield (K/S=1.907) onto irradiated cotton (RC) after
exposure up to 45 min as shown in Fig. 1, as compared to other
modes applied (RE/RC, NRC/RE). The other important thing is
the solvent, nature of colorant, as well as the nature of the fabric
used. Irradiation of fabric has also added value in the coloration
process by surface modification of fabric, where after treatment,
the US rays cause scaling at fibers which enhances the uptake
behavior of fabric.

Previously it has also been proved that these rays scratch
the fibers, which results in an improvement in its dyeing be-
havior (Khatri et al. 2016). The color coordinates given in
Table 1 reveal that all the dyed fabrics are brighter in shade
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Fig. 1 Application of acidified
methanol extract from Arjun bark
and its dyeing behavior on cotton
fabric

Table 1 Color coordinates of US-treated cotton fabrics dyed with acidified methanolic Arjun bark extract

Extraction conditions US irradiation time (min.)

15 30 45 60

L* a* b* L* a* b* L* a* b* L* a* b*

NRE/NRC 78.49 6.15 17.20 77.66 7.63 18.67 87.02 2.99 9.51 75.02 9.90 17.36

RE/RC 78.23 6.18 17.32 77.02 7.99 18.31 86.21 3.72 10.35 86.21 2.42 8.35

NRE/RC 74.89 9.34 17.20 76.21 7.72 18.35 76.52 7.56 17.67 82.62 3.44 7.95

RE/NRC 77.38 6.64 17.90 77.62 7.52 17.50 75.70 7.65 18.14 75.70 7.45 17.11

UAD 78.75 7.22 17.91 76.76 7.69 19.11 87.51 2.59 8.62 84.67 2.23 8.77
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with reddish and yellower in hue but the fabric dyed after
given15 min. ultrasonic radiations exhibit brighter shade hav-
ing reddish yellowish tone (L*= 74.89, a*=9.34, b*= 17.20).
Dyeing of the fabric under ultrasonicrays for 30 min.(UAD)
has also given more brighter shade but less redder and more

yellowish tone (L*= 76.76, a*=7.69, b*= 19.11). Similarly,
for 45 min, ultrasonic irradiation was employed onto fabric
given much brighter less redder and less yellowish hues (L*=
86.21, a*=3.72, b*= 10.35). Overall it has been observed that
the irradiation of the fabric for 60min. has given more brighter
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Fig. 2 a Pre-bio-mordanting for
coloration of irradiated cotton
fabric using acidified methanolic
extract. b Post-bio-mordanting for
coloration of irradiated cotton
fabric using acidified methanolic
extract. c Meta-bio-mordanting
for coloration of irradiated cotton
fabric using acidified methanolic
extract
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shade having less redder but more yellower tone (L*= 82.62,
a*=3.44, b*= 7.95). Hence, it is concluded that if an acidified
methanolic medium is employed for isolation of colorant and
for getting a high color yield, only fabric should be the US
treated up to 60 min.

Mordanting in natural dyeing is an essential tool because it
adds value in firm color development onto fabric but also
gives excellent coordinates in the form of shade appearance
(Hosseinnezhad et al. 2021). Previously chemical anchors are
used, but owing to toxicity, these are under strict observation.
Now bio-molecules (bio-mordants) of excellent biological
characteristics have been introduced (Rani et al. 2020). It
has been observed that the dyeing of ultrasonically treated
extract (RE) onto cotton fabric after application of zeera
(Cuminum cyminum), illaichi (Elettaria cardamomum),
Harmal (Peganum harmala), neem (Azadirachta indica)
leaves extract has given promising results. The results
displayed in Fig. 2a reveal that 5% of zeera (Cuminum
cyminum) extract, 7% of illaichi extract, and 1% of Harmal
and neem extract have given color strength. But overall all,
Harmal (Peganum harmala) and neem (Azadirachta indica)

extracts have given excellent color depth. The application of
9% of zeera (Cuminum cyminum), 7% of illaichi, 7% of
Harmal (Cuminum cyminum), and neem extracts after dyeing
(post-mordanting) has given good color strength displayed in
Fig. 2b.

However, among bio-mordants, the utilization of Harmal
(Peganum harmala) and Neem (Azadirachta indica) extracts
has given excellent results. The addition of mordants during
(meta) dyeing has given better results than pre-mordanting
process. It has been found that 7% of zeera (Cuminum
cyminum) extract, 3% of illaichi extract, and 5% of Harmal
and neem extract have given good results as shown in Fig. 2c.
Again it can be found that application of Harmal (Peganum
harmala) and zeera (Cuminum cyminum) extract as meta-
mordant has given excellent results. In the overall comparison,
the application of mordants after dyeing has given excellent
results (K/S and Lab values). This is because during bio-
mordanting, the –OH of the functional moiety of bio-
mordant has interacted with –OH of colorant from Arjun bark
and -OH of cellulosic fabric via extra H-bonding (Adeel et al.
2021b). This extra H-bondingmakes soothing and firm shades
with new tints and high color strength (Jabar et al. 2020; Rani
et al. 2020).

The herbal based bio-anchors have excellent functional
moieties which have biological activities beneficial for hu-
man. The presence of conjugation and availability of more –
OH group form a new mode of bonding to given firm shades.
The proposed interaction of mordanted fabric with colorant
extracted from Arjun bark is given in Fig. 3.

The color coordinates given in Table 2 reveal that mostly
the bio-mordants have produced much more brighter shades
with reddish-yellow hue, but a fabric dyed during the applica-
tion of 10% of Zeera (Cuminum cyminum) extract after US
treatment using an acidified methanolic extract of Arjun bark
give muchmore darker shade (L*=95.10) with reddish-yellow
tone (a*=3.96; b*=14). Similarly, 3% Ilaichi extract during
(meta) mordanting using optimal conditions exhibit darker
shade (L*=90.72) with reddish-yellow tone (a*=6.58;
b*=13.23). Correspondingly, among other bio-mordants that
used 10% of Harmal extract during (meta) mordanting, the
dyed fabric has shown a much brighter shade (L*=92.05) with

Fig. 3 Proposed interaction of fabric with colorant and bio-mordant

Table 2 Color coordinates of bio-mordanted cotton fabrics dyed before, after, and during dyeing with ultrasonic treated Arjun bark extract

Mordant concentration Pre-mordanting Mordant concentration Post-mordanting Mordant concentration Meta-mordanting

L* a* b* L* a* b* L* a* b*

10% (Pre) Zeera 96.63 3.92 10.73 10% (Post) Zeera 96.18 2.47 13.91 10% (Meta) Zeera 95.10 3.96 14.00

7% (Pre) Ilaichi 94.15 5.64 11.53 3% (Post) Ilaichi 93.76 6.14 11.41 3% (Meta) Ilaichi 90.72 6.58 13.23

1% (Pre) Harmal 92.45 7.13 17.60 7% (Post) Harmal 85.99 5.78 20.97 10% (Meta) Harmal 92.05 5.89 16.60

1% (Pre) Neem 94.67 2.86 11.65 7% (Post) Neem 92.05 4.01 12.74 10% (Meta) Neem 91.74 5.40 14.46
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a reddish-yellow tone (a*=5.89; b*=16.60). Likewise, using
optimal mordanting conditions, 7% of Neem extract after
(post) mordant has given much more darker shade
(L*=91.74) with reddish-yellow tone (a*=5.40; b*=14.46).
Hence bio-mordants have not modified the natural dyeing
process by the development of new shades but also brighter
shades with reddish-brown tones.

Conclusion

The environmental concerns and rising awareness among peo-
ple about the hazardous effects of synthetic dyes have forced
the manufacturer towards sustainable products such as natural
dyes. Also, the use of bio-mordants is part of medication sys-
tems that add value to sustainability and give new scopes
towards the eco-friendly approach of the natural dyeing pro-
cess. Therefore, this study has been carried out to extract col-
orant from Arjun bark in the acidified medium used to dye 60
min. The US-treated extract exhibit a variety of shades.
Furthermore, it has been found that ultrasonic radiations being
an excellent sustainable heating source should be used for
tuning fabric surfaces to achieve desirable bright tints.
Hence it has been concluded that ultrasonic rays as isolation
tool are cost, time, energy and labor effective tool for cotton
dyeing. The newly introduced shade development process i-
e., bio-mordanting should be employed for getting acceptable
results for dyeing of natural fabrics using Arjun bark extract.
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