Sustainable exploration of coffee extracts
(coffea arabica I.) for dyeing of
microwave-treated bio-mordanted
cotton fabric

Shahid Adeel
Department of Chemistry, Government College University, Faisalabad, Pakistan

Fazal-Ur Rehman, Ayesha Amin and Nimra Amin
Department of Applied Chemistry, Government College University, Faisalabad, Pakistan

Fatima Batool
Department of Botany, Division of Science and Technology, University of Education, Lahore, Pakistan

Atya Hassan
Department of Chemistry, Federal Urdu University of Arts, Science and Technology, Gulshan —e- Igbal Campus, Karachi, Pakistan, and

Meral Ozomay
Department of Textile Engineering, Marmara University, Istanbul, Turkey

Abstract

Purpose — This study aims to observe the coloring efficacy of coffee-based natural brown colorant for cotton dyeing under microwave (MW)
treatment.

Design/methodology/approach — The colorant extracted in particular (neutral and acidic) media was stimulated by MW treatment up to 6 min.
Dyeing variables were optimized and 2—10 g/100 mL of sustainable anchors (mordants) have been used to get colorfast shades.

Findings — It has been found that un-irradiated acidic extract (RE) containing 5% of table salt at 80 °C for 50 min has given high color yield onto
MW-irradiated cotton fabric (RC=2 min). The utilization of 2% of Fe, 10% of tannic acid and 10% of sodium potassium tartrate before bio-
coloration, whereas 4% of Fe, 10% of tannic acid and 6% of sodium potassium tartrate after bio-coloration has given good color characteristics. In
comparison the application of 6% of pomegranate and turmeric extracts before bio-coloration and 6% of pomegranate and 10% of turmeric extracts
after bio-coloration have given good color characteristics. New bio-mordants can be added to get more new colorfast shades.

Research limitations/implications — There is no research limitation for this work. New bio-mordants can be added to get more new colorfast
shades.

Practical implications — This work has practical application for artisans, textile industry and handicrafts. It is concluded that colorant from coffee
beans can be possible alternative of synthetic brown dyes and inclusion of MW rays for extraction and plant molecules as shade developers can
make process more green.

Social implications — Socially, it has good impact on eco-system and global community because the effluent load is not carcinogenic in nature.
Originality/value — The work is original and contains value-added product for textiles and other allied fields.
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Introduction Zheng et al., 2021). Day by day, the rapid rise of public
demands have forced researchers to use advanced methods for
green products, but such advances have taken a lot of time,
energy, labor, cost and new material (Borrds-Enriquez et al.,
2021). Of these products, the coloring process of matrix, such
as fabric, wool, glass, has gained a lot of fame. Previously, this
process was done by natural sources, but with industrial
The current issue and full text archive of this journal is available on Emerald advancement, synthetic colorants have been used (Kovacevic

Insight at: https:/iwww.emerald.com/insight/0369-9420.htm etal., 2021; Viera et al., 2019). Till now, thousands of dyes have
been formulated and used and are used in almost all walks of

With the introduction of industrial revolution in the world, the
technologist have introduced a lot of products that have made
lives, living ways as well as the global environment more
charming, attractive and colorful (Haji and Vadood, 2021;
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life (Nathia-Neves et al., 2019; Mahdi ez al., 2020). The global
village is facing serious global warming issues, which is due to
the frequent use of toxic, carcinogenic chemicals (Shabbir ez al.,
2018). In textile, the colorants need such intermediate and
finishing agents that release non-biodegradable toxic effluents
(Islam ez al., 2018). This toxic burden is not only destroying
fertilizer load but also disturbing the ecosystem equilibrium
(Samant ez al.,, 2020). The global institutes have seriously
noticed that such effluents are non-biodegradable, causing rise
in global temperature or taking a lot of money, energy, cost and
other resources for the treatment (Islam ez al., 2019). Now they
have considered that textile and other allied sectors should
more toward the nature. The colorants from the nature are not
only sustainable, easily disposable and possess no health issues
(Zayed et al., 2021). These dyes are extracted from plants, and
their effluents can be either recycled or their residues when mix
with soil can act as fertilizer (Swami et al., 2014; El-Khatib
etal.,2021). These colorants have wide spectrum of colors, but
also by tinting these can also provide new shades that can be
possible substitutes of synthetic dyes (Barani and Maleki,
2020). Hence, the revival of the art of natural dyes is now the
global demand, particularly in the present pandemic situation
(Prado et al., 2020).

Plant sources share a lot of colors in the field of textile. Colors
can be extracted in various media through different parts such
as seeds, roots, flowers, barks, leaves and stems (Jabar ez al.,
2021). Among seeds, coffee beans powder [Figure 1(a)] is the
source of the brown natural dye. Coffee belongs to Rubiacea
family (Koh and Hong, 2019). It contains mostly alkaloids,
quinolinic acid, nicotinic acid, tannic acid, pyrogallic acid and
trigonelline, which impart anti-oxidant properties (Nam and
Xiang, 2019). Its oil is also used in medicine as health-care and
sunblock products (Herlina and Kurniati, 2020). Coffee
extract is useful for prevention of nervous shock, anemia,
influenza, common cold, hepatoprotective and lungs diseases
(Hao et al., 2019; Jong-Sup et al., 2019). It also acts as a cardio-
tonic nuerotonic and possesses excellent anti-inflammatory,
anti-allergic anti-bacterial, hypoglycemic, anti-diabetic and
anti-cancerous activities (Chiari et al., 2014; Elabid et al.,
2021). The main phytochemicals are caffein, chlorogenic acid,
polyphenols, flavonoids, alkaloids, etc., but polyphenol
(chlorogenic acid) is main functional moiety [Figure 1(b)] that
imparts the brown color onto the matrix (Lee er al, 2017;
Seemork ez al.,, 2020). Cotton is the major fabric that has

Figure 1 Coffee beans powder (a) chlorogenic acid (b) cellulosic unit (c)
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cellulosic unit where its —OH group is used for binding with the

colorant [Figure 1(c)].

Previous studies show that natural dyes when isolated
show low yield, give poor fastness ratings and cannot give
reproduce same shades (Nathia-Neves ez al., 2020). The
researchers using classic methods such as soaking, stirring,
heating, boiling, maceration, refluxing, etc. (Samant er al.,
2020) found that such approaches are not cost, energy and
(Ranjha al., 2021). Currently,
contemporary approaches such as microwave (MW),
ultraviolet, ultrasonic, gamma and plasma radiations are
being used (Fadil er al., 2021). But, MW is the cheap,
leveled and uniform and easily available heating source for
abstraction of plant pigments (Abdelileh ez al., 2021).
These rays penetrate into fabric and turn its surface to
enhance its substantivity (Arain er al., 2021; Jafari et al.,
2019). These rays collapse with plant materials, burst its
cell wall and make effective interaction of functional
moiety (colorant = chlorogenic acid) with solvent through
mass transfer kinetics (Buyukakinci ez al., 2021; Handayani
et al., 2019). By such rapid and effective response, not only
less energy and time are used, but also less solvent is
consumed with production of high yield (Majumder ez al.,
2020). To overcome fastness issue, electrolytes such as salt
of Al, Fe, Cu, Cr, etc. are used, but environmental agencies
forced that salts of Cu, Cr, Co, Ni, etc. are oncogenic and
retain serious fears to the environment (Islam ez al., 2018;
Rather ez al., 2018). Now, as the probable substitute, plant-
based molecules have been introduced. These sources hold
brilliant biological characteristics but also furnish soothing
and sustainable fast shades (Hosen er al., 2021). Such bio
sources are now being used since past five years, and the
dyed bio-mordanted shades have given well to excellent
fastness rating (Hosseinnezhad ez al., 2021). This study has
been aimed to:

- appraise coffee bean-based chlorogenic acid as brown
natural dye MW rays treatment for cotton dyeing;

« analyze physiochemical changes in the functional behavior
of cotton fabric through scanning electron (SEM) and
spectral images (FTIR);

« to get optimum dyeing conditions using sleeted irradiation
conditions for mordanting;

- use sustainable chemical and bio-anchors at selected
conditions to improve the shade quality; and

time effective et
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« to assess shade fastness of selected mordanted fabrics as
per SIO standards.

Experimental

Materials

Finely ground powder of coffee beans (Coffea Arabica L.) was
obtained from the native market. The ground beans powder
was sieved up to 20 meshes and stored. Cotton fabric used for
dyeing has been pretreated to make it ready for bio-coloration.
Plant materials (pomegranate and turmeric) used as bio-
mordants were also prepared using already published work of
Habib ez al. (2021).

Extraction and irradiation process

Natural colorant (chlorogenic acid) from coffee beans was
isolated by using 4 g of coffee powder at boiling with 100 mL of
distilled water (aqueous = neutral medium) for 45 min, keeping
coffee powder to aqueous medium ratio (CP: AM) of 1:25
(Adeel ez al., 2021b). Extracts and pre-ready cotton fabrics were
microwaving irradiated (MW) for 1-6min a commercially
available orient oven of 50 Hz with the power of 700 W. To get
good yield in terms of color depth (K/S), MW (RE) and un-MW
irradiated extracts (NRE) were applied to dye MW (RC) and un-
MW irradiated cotton fabrics (NRC) at 80°C for 50 min.

Dyeing and colorfast shade-making process

After selection of medium for isolation and irradiation level
(min) for stimulation of fabric surface, the selection of contact
levels were carried out at 50-90°C with an interval of 10°C for
20-60 min with an interval of 10 min. For getting maximum
exhaustion of colorant toward fabric, 1-5 g/100 mL of table salt
was used. The chemical mordants (2-10g/100 mL) and the
extracts (2-10 g/100 mL) from fresh turmeric rhizomes powder
(Curcuma longa) and pomegranate peels powder (Punica
granarum) were also used at given condition to improve
coloring properties of cotton dyed with coffee beans extracts.
The extract of bio-mordants prepared and sustainable chemical
anchors were used by following the already documented
methods of Khan ez al. (2021) and Adeel ez al. (2022).

Investigation of un-dyed and dyed fabrics

Cotton fabrics before and after irradiation for 2min were
analyzed for any chemical change through FTIR tool (Perkin
Elmer, USA) at the Institute for Color Science and
Technology, Iran. Similarly, the changes in surface
morphology of cotton fabric before and after MW treatment for
selected time have been observed through surface electron
microcopy (SEM model Tescan; 5kV at 1,000x). Color
characteristics of all dyed fabrics through Spectra flash SF 600
(Data Color, USA) have been assessed. ISO standard methods
of light (ISO 105-B02), washing (ISO 105-C03) and rubbing
(ISO 105-X12) at the optimum dyed fabric have been used and
rated at gray scale.

Results and discussion

The influence of MW rays in extraction of functional biological
molecules is gaining fame day by day (Abdelileh er al., 2021;
Adeel er al., 2021b). This is because the rays transfer energy
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into the solvent molecules, which collapse with plant cell wall to
burst. After collapse, the functional molecules are evolved out
through solid liquid interaction and upon dyeing give
promising yield. This process depends upon nature of colorant,
level of MW and solvent used, which gives excellent mass
transfer kinetics to give significant results (Arain ez al., 2021;
Adeel et al., 2022). Same is the finding have been observed in
the study, where the coloring efficiency of coffee powder has
been explored for cotton coloration. The results given in
Figure 2 show that aqueous extract (RE) treated for 1 min has
given high color yield (K/S) onto irradiated fabric (RC = 1min)
as compared to un-irradiated extract (NRE) used for dyeing of
un-irradiated fabric (NRC). On changing medium, the results
given in Figure 3 show that application of un-irradiated extract
(NRE) has given excellent color yield (K/S) onto irradiated
fabric (RC=2min). Here, other factor, which is very
important, is the surface tunning of cotton (cellulosic fabric) by
microwave rays. For 2min, treatment of the physical
modification of surface has been occurred, which in turn has
raised its uptake-ability; However, the chemical nature of
cellulosic fibers has not changed, which has been verified by
FTIR Figure 4(a)—(c). The broad band in this region is due to
the OH-stretching vibrations arising from hydrogen bonding in

Figure 2 Dyeing of cotton fabric with aqueous coffee extract before
and after MW radiations
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Figure 3 Dyeing of cotton fabric with acidic coffee extract before and
after MW radiations
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Figure 4 FTIR spectra of coffee extracts (a) un-irradiated (b) and irradiated cotton (c)

(a= coffee extract)

(e= irradiated cottom)

()

cellulose. One of two main vibrations, at 3,300 cmfl, became
visible that can be assigned to intra-molecular hydrogen
bonding of cellulose. The other main vibration, at 3,200 cm ™},
was evident in all spectra, which can also be assigned to inter-
molecular hydrogen bonding of cellulose. Spectral image of
coffee extract, multiple peaks became at 3,634 and 3,190,
1,717 and 1,054cm™ ! corresponded to O-H, C-H, C=0
and C=C group stretching vibration, respectively. These
spectral data confirmed chlorogenic acid extract’s structure
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[Figure 4(a)]. Hence, before and after radiation, the
characteristics peak for cellulosic unit has not been altered,
whereas SEM images displayed in Figure 5(a)—(b) show that
these rays have caused modification by scratching the surface,
which, in turn, has enhanced the dye uptake-ability.

It can also be seen that on rise of MW rays time, the other
phytochemicals caffeine, polyphenols, flavonoids and alkaloids
may also get dominant chance to adsorb along with colorant
onto fabric, due to which the low tint strength has been
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Figure 5 SEMimages of MW irradiated (a) un-irradiated cotton fabrics (b)
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(a)

observed. Hence, it is recommended that extraction should be
done in acidic medium, without exposure to MW rays, but
fabric should be tuned for 2min to get high yield. The data
presented in Table 1 using aqueous extract show that red
shades more toward green on rising MW time, whereas yellow
tone is also decreasing with rise of brightness. However, the
irradiated fabric dyed with irradiated extract is darker in shade
(L* = 62.13) as compared to un-irradiated extract and more
reddish yellow in tone (a* = 4.68; b* = 17.33) as compared to
un-irradiated extract (L* = 67.96; a* = 4.36; b* = 16.58). On
using acidic extract, the shades are brighter than having less-
redder but more yellowish tone. However, the irradiated fabric
(RC =2min) dyed with un-irradiated extract (NRE) is darker
in shade (L* = 61.87) and reddish yellow in tone (a* = 4.45;
b = 16.58).as compared to brighter shade of un-irradiated
dyed fabric (L* = 64.19) with greenish yellow tone (a* = 2.10;
b = 12.20). Hence, for getting darker shades with reddish
yellow tone of high color yield, un-irradiated acidic extract
(NRE) should be used to color irradiated fabric (RC= 2 min).
The bio-dyeing of the cellulosic fabric using plant extracts
needs contact levels. For low time, contact of irradiated
fabric with un-irradiated extracts, less color yield is

Table 1 Shade variable of cotton fabric bio-colored at selected conditions

Extraction conditions L* a* b*
Aqueous 1 min RE/RC 62.13 4.68 17.33
Acidic 2 min NRE/RC 61.87 4.45 16.58
Parameters

Dyeing conditions L* a* b*
Time =50 min 82.49 414 17.97
Temperature = 80°C 84.52 3.44 17.97
Salt=5g/100 mL 79.30 5.36 20.98

Notes: RE = irradiated extract; RC = irradiated cotton; NRE = un-irradiated
extract; L* = lighter/darker; a* = redder/greener; b* = yellower/bluer
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(b)

observed, whereas for long time contact, the rate of
desorption becomes dominant and also tint strength is
found. The results given in Figure 6 showed that dyeing of
irradiated fabric for 50 min using un-irradiated extract has
given promising results. The rise of heating level slowly
caused leveled dyeing rate up to optimum level. After
optimum level (80°C), the desorption is occurred, and dye
bath equilibrium is disturbed. Hence, too much and too low
heating the actual equilibrium of dyeing rate are disturbed,
and low color strength is found. It is recommended that
dyeing of irradiated fabric at 80°C for 50 min should be done
using un-irradiated coffee extract.

The color coordinate given in Table 1 shows that mostly
fabric dyed is brighter in shade but greenish yellow in tone.
The fabric dyed for 50 min is brighter in shade and reddish
yellow in tone (L* = 82.49; a* = 4.14; b* = 17.97), whereas
fabric dyed at 80°C is also brighter in shade and reddish
yellowish hue (L* = 84.52; a* = 3.44; b* = 17.97). Hence,
MW irradiation of fabric has reduced the dyeing levels (time
and temperature), which shows its time and energy
promising nature. Salt when added in the extract, it tries to
neutralize the charge of the fabric and tries to interact the
colorant with functional site of fabric by interactive forces to
give maximum vyield (K/S) (Batool et al., 2022). Low
amount of salt cannot exhaust the colorant from solution
toward fabric, whereas only optimum amount (5 g/100 mL)
can give promising exhaustion to give high strength — Figure
6. The color coordinates given in Table 1 shows that
irradiated fabric dyed with un-irradiated extract containing
5 g/100 mL of salt has given darker shade (L* = 79.30) with
reddish yellow tone (a* =5.38; b* = 20.98).

Cotton dyeing with plant dyes always requires fixers to have
firm and fast shades. Such fixers are either tannic acid and
metal salts or plant-based functional isolates, which helps to
add value in natural dyeing of cotton (Habib er al., 2021; Khan
etal., 2021). In this study, these chemical fixers have been used
for mordanting of irradiated fabric at 60°C for 45 min. The
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Figure 6 Dyeing of cotton fabric at various dyeing conditions using acidic coffee beans powder extract
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results given in Figure 7 reveal that application of 2 g/100 mL of
iron salt before dyeing of irradiated fabric with un-irradiated
extract has given high color yield. On use of iron salt (4g/
100mL) after dyeing of irradiated fabric with un-irradiated
extract has given high color yield displayed in Figure 8. The
shade variables given in Table 2 show that dyed fabric before
mordanting with iron salt is reddish yellow in hue with bright
shades (L* =75.52; a" = 7.80; b* = 22.28). As compared to the
fabric dyed after mordanting. The use of tannic acid (10g/
100 mL) before and after dyeing of irradiated fabric with
irradiated extract has given high yield, where the shade
variables shown in Table 2 reveal that shade obtained before
pre-mordanting is darker and much reddish yellow in tone
(L* =172.89; a* = 9.12; b* = 15.36). The application of 6 g/
100 mL of sod pot tartrate before dyeing and 2 g/100 mL of sod
pot tartrate after dyeing has given high color yield, as shown in

©
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Figures 7 and 8. The color coordinates given in Table 2 show
that in both cases, the shade is brighter but greenish yellow in
hue (L* = 87.80; a* = 2.06; b* = 12.97). On comparative
analysis, tannic acid and iron salt have been found good for bio-
coloration of cotton with coffee extract. This is because iron
forms complex with dye onto fabric via coordinate covalent
bond, whereas tannic acid form H- bonding with —-OH of
colorant and —OH of surface-modified cellulosic fabric to give
good color characteristics (Geelani ez al., 2017; Rather ez al.,
2018; Shabbir ez al., 2017). The proposed interaction of metal
with colorant and fabric has been displayed in Figure 9(a).
Plant-based molecules are nowadays being used for color
fastness of fabric dyed with natural dyes as well as for firm and
sustainable shades (Rather er al., 2019; Yusuf, ez al., 2017).
Mostly, herbal-based molecules have been used with -OH
group responsible for firm interaction and transfer of biological
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Figure 7 Effect of pre-chemical and bio-mordanting on the color

strength of cotton with acidic coffee extract
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characteristics onto fabric (Adeel ez al., 2021c; Bukhari ez al.,
2017). In this study, extract of turmeric having curcumin and
tannin by pomegranate extracts have been used before and after
dyeing of cotton with coffee extract. The results given in
Figures 7 and 8 show that 4 g/100 mL of turmeric extract before
and 10 g/100 mL of turmeric extract after dyeing of irradiated
cotton have given high yield (K/S). On use of 6 g/100 mL of
pomegranate extract before and after dyeing of irradiated
cotton with coffee extract has given good yield. The overall
turmeric extract has given high yield. The proposed interaction
of metal with colorant and fabric has been displayed in
Figure 9(b). The shade variables given in Table 2 show that
fabric pre-mordanted with 4% followed by dyeing in brighter in
shade and reddish yellow in hue (L* = 72.41; a* = 12.98; b* =
45.98), whereas post-mordanted with 10% turmeric extract is
less-brighter and reddish yellow in hue (L* = 69.34; a* = 17.08;
b* = 42.83). On use of 6% pomegranate extract before dyeing
the shade is darker having reddish yellow tone (L* = 71.89; a* =
2.02; b* = 34.64), whereas 6% of pomegranate extract after
dyeing has given darker shade with reddish yellow hue (L* =
70.27;a" =3.36; b* = 32.45).

The fastness values in Table 2 reveal that before MW
treatment, light washing and rubbing fastness were good. This
is due to the fact that before use, the cotton fabric absorbed the
colorant (chlorogenic acid) in the form of aggregates and
binding firmly. Upon assessment under ISO standards, the
color was detached, and good to poor ratings were observed
(Table 2). After MW treatment of extract and fabric, the use of
chemical and plant phenolic of turmeric, pomegranate as bio-
stabilizers have produced excellent light and washing as well as
good rubbing ratings. This is because —-OH from turmeric
(curcumin), -OH from pomegranate (tannin) interact with —
OH of cotton and functional site of colorant (chlorogenic acid)
has developed colorfast shades. The additional H-bonding,
conjugated structure by bio-mordants and tunning of cotton
surface have also the role of high strength played in developing
good shades of high strength. Hence, MW rays have not only
added value in isolation of colorant but also addition of

Table 2 Shade variables and colorfastness ratings of chemical mordanted cotton fabric dyed using an acid-solubilized extract of coffee

Rubbing fastness

Mordants used L* a* b* Light fastness Washing fastness Dry Wet
Pre-mordanting

Without mordant 61.87 4.45 16.58 3/4 3 % 3
Fe 2% 75.06 8.55 17.14 5 4/5 5 4/5
Tannic acid 72.89 9.12 15.36 5 4/5 5 4/5
10%

Sodium potassium tartrate 2% 89.44 1.31 12.02 5 4/5 5 4/5
Pomegranate 6% 71.89 2.02 34.64 5 5 5 4/5
Turmeric 4% 72.4 12.98 45.98 5 5 5 4/5
Post-mordanting

Fe 4% 75.52 7.80 22.28 5 4/5 5 4/5
Tannic acid 10% 69.52 10.35 18.09 5 4/5 5 4/5
Sodium potassium tartrate 6% 87.80 2.06 12.97 5 4/5 5 4/5
Pomegranate 6% 70.27 3.36 32.45 5 5 5 4/5
Turmeric 10% 69.34 17.08 42.83 5 5 5 4/5

Notes: L* = lighter/darker; a* = redder/greener; b* = yellower/bluer
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Figure 9 Interaction of chemical (a) and bio-mordants (b) with chlorogenic acid and cotton
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sustainable mordants have made natural dyeing more eco-
friendly and colorfast.

Conclusion

Natural products in textiles having anti-viral and anti-bacterial
nature are gaining worldwide fame, particularly their
importance is raising in the pandemic scenario. Of these
products, coffee beans is an excellent plant with better coloring
potential for textiles. Addition of MW radiations as extraction
tool for chlorogenic acid as brown natural colorant and the
application of bio-molecules to get colorfast shades of better
quality have not only made the process more eco-friendly but
also soothing, ayurvedic and attractive for global community.
The results show that irradiation of fabric for dyeing with coffee
filtrate containing 5% of table salt at 80°C for 50 min, followed
by sustainable mordanting has given acceptable shade strength
and fastness ratings. It is concluded that MW rays have not only
the potential to isolate colorant but also the application of bio-
mordants have made the process more-greener, sustainable and
cleaner.
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