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Abstract

The influence of the textile industry on the environment, as well as the usage of raw
materials and natural resources, is becoming a major problem. It is no longer sufficient to
have a product that is simply safe for humans; the product must also be ecologically safe
throughout its entire life cycle. As a result, there has been a shift toward employing enzymes
in the textile sector to promote eco-friendly production. The goal of this research is to create
an environmentally friendly discharge printing on cotton and wool textiles, dyed with various
natural plant extracts (Ficus benjamina, Psidium guajava leaves, Solanum melongena peel,
and Brassica oleracea var. capitata rubra) under varied circumstances by using polyphenol
oxidase (PPO) and peroxidase (POD) enzymes extracted from taro corms (Colocasia
antiquorum) instead of harmful reducing or oxidizing agents. The enzyme extraction
temperature was 25 °C, and the solute-liquid ratio (1:4 (w/v)) at pH 5.0 after a treatment time
of 5 min. The oxidative enzymes were analyzed using Gas Chromatography-Mass
Spectrometer (GC-MS) Analysis, which verified the presence of a Retinol component with a
molecular weight of 286.45 g/mol and a retention time of 14.7 min, which is regarded as proof
of the existence of oxidative enzymes. The activity of oxidative enzymes isolated from taro
corms increases over time, with PPO having the highest activity at 180 seconds at a
wavelength of 420 nm. POD achieves its peak activity at 180 seconds, and the wavelength
436 was observed. These allow them to be employed as a discharge agent.

The effects of enzyme concentration, pH of the printing paste, treatment time,
temperature of enzymatic treatment, and also the effect of mixing this enzyme extract with
some environmentally friendly oxidizing and reducing agents were studied to determine the
discharge efficiency. The results indicate that the discharge rates reached about 40-57% using
the enzyme extracted from taro corms at pH 3 for wool samples and pH 5 for cotton one.
Mixing with other reducing or oxidizing agents in different concentrations led to a higher
discharge rate, which reached 60-66%, and different color half-tones were obtained
depending on the difference in mixing ratio, concentration, pH, and other factors affecting
color removal. It was also observed that the tensile strength of wool printed samples was
constant in the pesidium guava-dyed sample, while the tensile strength in the remaining
samples increased by 1-4%, except for the sample dyed with ficus leaves, which decreased.
While the tensile strength for cotton samples increased by 4% in the ficus dyed sample and
decreased by 13% in the pesidium guava-dyed sample, which is considered an acceptable
range.

It has been reached that taro corms enzyme extract led to obtaining color halftones
on the printed materials as a result of the partial discharge that occurred due to the biological
oxidation of the enzyme extract, which is considered a vital alternative to the toxic and
environmentally harmful reducing and oxidizing agents.
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1. Introduction

Climate change is a persistent worldwide danger to humanity, and unfortunately, the
textile sector is the second-largest contributor to greenhouse gas emissions due to its extensive
supply chain.[1, 2] contamination occurs in a variety of sub-sectors, including water
contamination, where urea, reducing, and oxidizing agents emerge as a toxic chemical that
harms both human health and aquatic life.[3-6]

The global requirement for sustainable textile technologies is increasing.[7-9] This
strategy aims to promote eco-friendly and visually appealing textiles through discharge
printing processes, leading to a more unique and sustainable future for the fashion and textile
sectors. The achievement marks a shift towards a more sustainable and environmentally
responsible textile sector, reflecting a rising worldwide commitment to natural resource
preservation.[7, 10] Therefore for the textile industry has reached a crossroads: pursuing
sustainability and meeting rising criteria for materials.[7, 11] As a result, the employment of
environmentally friendly natural dyes, auxiliaries, and low-impact biotechnology is becoming
increasingly popular.[4, 10, 12]

Natural dyes are a safe and sustainable bioresource derived from plants, animals, and
microbes.[3, 10, 11] Examples include ficus leaves, pesidium guava leaves, eggplant skin,
and red cabbage leaves, all of which have been commonly used in textile finishing. They are
used for a variety of applications, including textile, food, medicinal, and cosmetic. Using
naturally derived ingredients from renewable sources can lead to cleaner manufacture of
natural dyes, resulting in higher resource uptake and reduced energy requirements for
wastewater treatment.[5, 12] The use of natural dyes has increased as an eco-friendly and
sustainable alternative to synthetic dyes owing to their negative impact on the environment
and public health.[12] They may be used in textile dyeing, printing, finishing, and other
industries. Natural dyes are becoming increasingly popular due to their antibacterial and
antioxidant properties, making them ideal for textile processing.[13]

Biotechnology plays a significant role in sustainability across various fields. It has
dramatically expanded the applicability of enzyme systems in all aspects of textile
manufacturing. Enzymes may be programmed to perform particular reactions such as
hydrolysis, oxidation, and synthesis, for a range of applications. There is growing recognition
in the textile manufacturing and construction sectors that enzymes may be utilized in
numerous remediation procedures to fulfill particular goals.

The present technical gaps in printing textiles using the discharge technique include
balancing efficacy and environmental sustainability, as traditional methods often use
synthetic chemicals such as such as reducing and oxidizing agents, acids, alkalis, and various
salts, which are the most commonly and widely used and can be harmful, toxic, and polluting.
[14] The limitations of conventional discharge agents are presented in some studies as
follows. Denim fabric was discharge printed using potassium permanganate (KMnQ,), and it
was observed that discharge whiteness is directly proportional to reaction time and KMnOg4
concentration. Although good discharge rates were obtained, tensile and tear strength were
found to decrease with increasing KMnO4 concentration and reaction time. This is in addition
to environmental pollution and toxic fumes resulting from the use of potassium
permanganate.[15] Sulphoxylate Formaldehyde (NaHSo02.CH20.2H>O) is an effective
discharging agent used in discharge printing. However, it is very toxic and produces
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formaldehyde, a carcinogen linked to both sinus and nasopharyngeal cancer. Additionally,
discharge printing can have a long-term impact on human health.[16] As a result, there was a
need to move towards using some natural biological resources in the discharge printing
process, to keep pace with the global trend towards environmental sustainability processes.
Eco-friendly bio products such as laccase, enzymes, and brewer's yeast have effectively
replaced hazardous chemicals and unsustainable reducing agents. Samples of many beautiful,
colored halftones were obtained.[17] Enzymatic discharge printing uses a phenol-oxidizing
enzyme system derived from horseradish peroxidase to selectively discharge reactive dye
from cotton fabric, resulting in a discharge-printed surface.[18] Another process involves
enzymatic discharge printing on the surface of cellulosic fabrics like denim, using an
oxidoreductase (lacase) enzyme, which successfully produced color removal.[19]

Agricultural waste and trash are a global concern that must be addressed
comprehensively. Improper handling of agricultural waste can cause major environmental
issues such as soil contamination, water pollution, and air pollution.[20, 21] Recent
biotechnology improvements in this approach have enabled the creation of cheaper, more
suitable, environmentally friendly, and more easily available enzymes from agricultural waste
such as taro corms. [22-25]

Colocasia antiquorum, which is known as "taro", [26-28] is a member of the Arum
Family. [29] It is a root crop grown in many parts of the wet tropics and some parts of the
Middle East. [27, 30, 31] It is a monocotyledonous crop that grows an underground stem, [31]
and is a common foodstuff in many tropical and subtropical regions across the world. [32-34]
The crop features a variety of characteristics, including corms, leaves, and flowers, as well as
chemical fertilizers. The plant is made up of a corm that lies just below the soil's surface, with
leaves growing from the bottom. [31] The nutritious section is the corm, which is created
underground by a thickening of the stem's base. [35] Taro corms are shown in Figure 1. [26]

Figure 1: Taro corms

Taro corm is a rich source of amino acids and starch, which is finely grained. [33]
Wild taro tubers and corms contain soluble oxalic acid (C2H204) and insoluble oxalate salts
(oxalate ions of oxalic acid). [36] Unwashed wild taro corms have been found to have skin
irritation and a strong odor due to insoluble oxalate salts. [26] Furthermore, taro is a
significant source of antioxidants, primarily phenolic compounds, both in terms of variety
and amount, which are dispersed in the edible region of taro. [28]

Taro corms are extremely susceptible to enzymatic browning.[37] This shows that
the corm has highly active polyphenol oxidase (PPO) and peroxidase (POD) enzymes. [32,
38, 39] PPO and POD are oxidoreductase enzymes that are considered major enzymes
involved in enzymatic browning reactions. [40-42] They promote the hydroxylating
monophenols and convert both o and p-diphenols into dark pigments like quinones and
melanins in fresh-cut foods, and the oxidation of quinones to uncolored acids.[43] This
attracted attention to its use as a bio-oxidizing agent in green discharge printing. [34]
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Plants primarily store PPO in plastids, such as chloroplasts and leucoplasts, with
higher levels in immature tissues. PPO is classified into three types based on substrate
specificity and action mode: tyrosinase, catechol oxidase, and laccase.[44] All of them can be
used as a biological discharge agent.[43, 45] POD is known for its high heat stability. POD
produces browning to a lower level when compared with PPO, as it requires the presence of
hydrogen or organic peroxide to oxidize phenols. [46]

PPO and POD have been proven to be efficient in the biodegradation of phenolic
contaminants from industrial wastewater and effluent.[41] In the available literature, much
information is available on the use of free and immobilized PPO in several applied areas, such
as the oxidation of phenolic compounds from wastewater. [47] To date, however, an
exhaustive overview on the removal of Phenolic compounds (which are responsible for the
color in natural dyes from the fabric) through discharge printing instead of using harmful and
toxic compounds is still lacking.

Given this information, an attempt was made to study the effect of the oxidative
enzymes extracted from taro corms in biological discharge printing. These enzymes were
extracted and applied to fabrics dyed with natural plant extracts, and the various factors
affecting the activity of the enzymes and their ability to discharge were investigated. Different
color shades were obtained as a result of partial color discharge.

2. Experimental
2.1. Materials

Bleached scoured (100%) cotton fabric with whiteness degree 51.67 (Plain 1/1,
number of warps per inch (60), number of wefts per inch: (60), 100%; 158 g/m?) supplied by
Ghazel El-Mahala for Textile Industry Co., Egypt, was used during this research. (100%)
wool fabric with a whiteness degree of 18.71- (Twill 2/2, number of wefts per inch (48),
100%; 210 g/m?) supplied by Ghazel El-Mahala for Textile Industry Co., Egypt, was used
during this research.

Natural coloring substances used in this work were extracted from Ficus leaves,
Psidium guava leaves, eggplant skin, and red cabbage leaves, which were purchased from an
agricultural farm in Egypt.

Medium viscosity sodium alginate (CeH706sNa) from brown algae (manufactured by
SDFCL SD Fine Chem Limited company based out of Mumbai, India) was used as a
thickening agent. Its chemical structure is shown in Figure 2. [48]

ONa
HO
(0]
\ OH
A O/
o
HO 0
ONa

Figure 2: Sodium alginate structure

Taro corms as a bio-oxidizing agent were purchased from an agricultural farm in
Egypt. Hydrogen peroxide (H202 50%) was purchased from Isochem Germany. Glucose
(CsHi1206) as a reducing agent was purchased from the local market. sodium hydrosulfite
(sodium dithionite) (Na>S204) as a reducing agent was purchased from Alpha Chemika, and
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its headquarters are in Andheri, Mumbai, Maharashtra, and brewer’s yeast was purchased
from the local market.

Sodium carbonate (Na;COs3) and acetic acid (CH3COOH) are laboratory-grade
chemicals to modify the pH medium. All chemicals and reagents were used exactly as
supplied, with no purification.

2.2. Methods
2.2.1. Extraction of natural dyes from plants

The naturally fresh leaves and peels were properly washed and cleansed with tap
water to eliminate dust and other particle debris. Then they were chopped into little pieces,
and the natural dye was extracted using the water extraction method, in which 500 g of Ficus
leaves pieces, 300 g of Psidium guava leaves pieces, 350 g of eggplant peels, and 700 g of
red cabbage leaves pieces were soaked in one L of boiled water under constant stirring for 60
min. After which, the dye extract was filtered using gauze fabric. Then, the dye extract was
kept at 4°C and utilized without additional purification. [49-55]

2.2.2.  Dyeing of cotton and wool fabric with natural plant extracts

In most cases, the fabric is dyed by boiling it in a water bath containing an aqueous
extract solution of a specific natural plant until all of the coloring substance has been absorbed
by the cloth. The dyeing of both fabric materials was done by keeping the material-to-liquor
ratio at 1:30 in a shaking water bath. And the pH of the dye bath was maintained at 10 using
Na>COs in the case of cotton fabric, while it was adjusted to 5 in the case of wool fabric. The
temperature was then raised to 90-100 °C in 10 minutes and the samples were left at this
temperature for 60 minutes. Then the fabric samples were washed and spread out to dry
gradually in the air under the sun. [56-58]

2.2.3.  Preparation of taro corm extract as a bio-oxidizing agent

PPO enzyme is widespread in fruits and vegetables. This causes food quality loss,
including changes in color, taste, flavor, and nutritional content. [59] PPO activity causes
browning and significant losses in vegetables, such as taro corms, which are edible parts
formed underground by a thickening of the base of the stem and are considered a rich source
of PPO enzyme. [34]

Polyphenol oxidase was extracted using taro corms, which were purchased from the
local market in Egypt. Then they were cut into small pieces. The extraction procedure was
carried out at room temperature (25°C). preparation of crude extract was as follows: 75 g of
cutting pieces were homogenized in 60 ml of water using a blender for 5 min, and the pH 5.
The extract was filtered through gauze cloth and used as a crude enzyme. The crude taro
extract was stored in a glass beaker in the freezer at 0°C until used. Extraction procedure of
oxidative enzymes from taro corms is illustrated in Figure 3.
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Figure 3: Extraction procedure of oxidative enzymes from taro corms

2.2.4.  Bio Discharge Printing of cotton and wool fabrics dyed with various natural plant
extracts using taro corm extract as a bio-oxidizing agent

Taro corms are highly sensitive to enzymatic browning, and this part indicates highly
active polyphenol oxidase and peroxidase enzymes, so they have been used in bio-discharge
printing. [38] The dyed cotton and wool samples were initially printed with a printing paste
that just included the thickening agent (sodium alginate) and the oxidizing agent (taro corms
extract) with different concentrations, at varying parameters using a silk screen printing
technique, keeping the pH of the printing paste 5 (as it’s in taro corms extract) for cotton. And
in the case of wool, we added acetic acid to make the pH of the printing paste 3.

The recipe for cotton and wool printing is shown below: -

Taro corm extract: X (50, 100, 150, 200, 250, 300) g/kg
Sodium alginate: 700 g

Acetic acid: till pH 3 (only in the case of wool)
Water: Ygo

Total 1000 g

After printing, the cotton and wool materials were left to dry for a suitable time and
temperature. Then the printed samples were washed with soap (2g/L non-ionic detergent) at
40-50°C for 5 min, rinsed with cold water, and finally, air dried.

The printing of cotton and wool fabrics have been occurred using different
concentrations of taro corms extract (50, 100, 150, 200, 250, and 300 g/kg) at different pH
(3, 4, 5, 6, and 7), different times (30, 45, 60, 90, 120, 180, and 240 min), and different
temperatures (0, 25, 40, 60, and 80°C).

To justify the drying conditions, various time intervals and temperatures were object
as mentioned in the previous paragraph. The color depth and whiteness of fabrics printed with
enzyme extract and dried at different temperatures and times were measured. The ideal drying
conditions were determined through the removal rate values.
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Another printing paste, including SHS as a chemical reducing agent, was created to
compare its discharge effect to that achieved when the enzymatic extract was used as a bio-
oxidizing agent. This paste comprised sodium alginate as a commercial thickener and the
appropriate concentration of SHS (250 g/kg) at pH 10 for cotton samples and pH 5 for wool
samples. After applying the paste to both samples through direct screen printing, the cotton
samples were steamed at 110 °C for 15 minutes, while the wool samples were permitted to
dry at room temperature (25 °C) until totally dry. SHS has been shown to have a decreasing
impact at room temperature or on further heating, according to the substance and dye
employed. [60]

2.3. Measurements
2.3.1. Color Measurements

The color strength (in terms of K/S value), whiteness index, yellowness index,
chromatic coordinates, and CIE L a b values of the natural and synthetic colored textiles were
tested using the AATCC 135-1985 procedure and (Data color International 500 reflectance
spectrophotometer manufactured by DatacolorAG, a Swiss company headquartered in Risch,
Switzerland) interfaced to a computer. Color strength values (K/S) of the dyed and printed
samples were calculated by the Kubelka-Munk equation. [61-64]

(1-R)2  (1-R.))2
2R 2R,

K/S =

where R is the reflectance of the printed sample at the wavelength of maximum

absorbance, R for uncolored (white) sample reflectance, K is the absorbance, and S is the
scattering. [63, 65, 66] The Ficus leaves natural dye was measured at A= 360 nm, whereas the
Psidium guava leaves natural dye was measured at A= 365 nm, while eggplant skin natural
dye was measured at A= 365 nm, and red cabbage leaves natural dye was measured at A= 360
nm.

2.3.2.  Mechanical properties

Tensile strength and elongation at break were measured for samples with a high
whiteness index at 25°C and 65 % moisture content using the tensile strength device FMCW
500 (Veb Thuringer Industrie Werk Rauenste in 11/2612 Germany) following ASTM test
method D5035. As a control sample, undyed scoured textiles were maintained.[67] The
AATCC 66 - 2014 was used to calculate the crease recovery angle (CRA). [68] The fabric
roughness was evaluated using the surface roughness instrument SE 1700 (manufactured by
Tokyo Seimitsu Co., Ltd., a Japanese company known for its precision metrology equipment)
following ASTM D 7127-13. [69]

2.3.3.  Colorfastness properties

The colorfastness to washing was evaluated using the Laudner-Ometer
(manufactured by SDL Atlas, a company with a significant presence in the United States,
United Kingdom, Hong Kong, and China) and the AATCC Test Procedure 61-2013. [70]
Colorfastness to rubbing (dry and wet) was evaluated using a Crock Meter (Shanghai JAG
Textile Testing Instruments Co., Ltd) following the AATCC test method 8 - 2016. [71]
Colorfastness to perspiration was measured using the AATCC test method 15 - 2013. (acidic
and alkaline). [72] The AATCC test method 16.1-2014 was used to measure colorfastness to
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light. [73] The grayscale color change reference was used to evaluate the fastness properties
of washing, rubbing, and perspiration, while the blue scale color change reference was utilized
to measure the light fastness characteristics of colored materials. [66, 74]

2.3.4. GC-MS chromatography

The organic solvent (methanol) was used to dissolve the taro corms aqueous extract.
The process typically involves liquid-liquid extraction (LLE): 1)- The aqueous extract is
combined with the organic solvent in a specific ratio, 2)- The mixture is vigorously shaken or
stirred to ensure thorough interaction between the two phases, 3)- After mixing, the organic
phase (containing the analytes) is separated from the aqueous phase, often using a centrifuge
or separating funnel, 4)-The organic phase is then collected, dried (if necessary), and prepared
for injection into the GC-MS system.

The GC-MS system manufacturer is Shimadzu Corporation in Japan. The GC-MS
technique employs a capillary column with a length of 30 to 60 cm and a diameter of 0.25
mm, which is filled with a helium carrier gas and used to separate the components of a
mixture, while mass spectroscopy analyses each component. The substance was then
identified by comparing retention times to actual standards. [66, 75-77]

2.3.5. Determination of peroxidase and polyphenol-oxidase activity

Polyphenol oxidase enzyme activity was measured using a spectrophotometer at
30°C by monitoring the initial rate of quinone production as evidenced by a rise in absorbance
at 410 nm for 15-second intervals using catechol as substrate. PPO activity was measured
using a reaction combination of 0.1 mL freshly generated crude enzyme extract, 3.9 mL of
100 mM phosphate buffer (pH 7.0), and 1 mL of 50 mM catechol. PPO activity was measured
in triplicate, and the findings were represented as means. The starting rate was determined
using the slope of the absorbance vs. time curve. One unit (U) of PPO activity was defined as
the quantity of enzyme that raised absorbance by 0.001 per minute under the test conditions.
(78]

The activity of the peroxidase can be determined by the reaction mixture containing
the substrate, which was made up of 2.850 mL of phosphate buffer (50 mM, pH 7.0) and
0.015 mL of guaiacol (0.5%) ethyl alcohol solution, which was kept at 25 °C in a water bath.
The reaction was started by adding 0.010 mL of the enzymatic extract and 0.450 mL of H>O»
(1%). After 5 minutes of reaction, the spectral absorption at 470 nm was measured with a
spectrophotometer (Biospectro SP-220) and compared to a control cell in which the H>O>
solution was replaced by water. One unit of peroxidase activity (U) was defined as the
quantity of enzyme required to generate a 0.001 increase in absorption for each minute of
reaction time. [79, 80]

2.3.6.  Determination of total phenolic

The total phenolic content of the natural plant extracts was evaluated using the Folin-
Ciocalteu reagent and gallic acid as a standard phenolic component. [81, 82] The Folin-
Ciocalteu technique is an electron transfer-based test that provides reducing capability as
phenolic content. The total phenolic content of natural plant extracts is affected by the solvent
used for extraction. The external calibration was done using different concentrations of gallic
acid, i.e., 0.00, 0.25, 0.50, 0.75, and 1 mM. [83] Briefly, 200 mL of crude extract (1 mg/mL)
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was made up to 3 mL with distilled water, mixed thoroughly with 0.5 mL of Folin—Ciocalteu
reagent for 3 min, followed by the addition of 2 mL of 20% (w/v) sodium carbonate. The
mixture was incubated for 2h at room temperature, and absorbance was measured at 760 nm
using a SPECTRAmax-PLUS384 UV-vis spectrophotometer. The total phenolic content was
calculated from the calibration curve that explained in Figure 4, and the results were
expressed as mg of gallic acid equivalent per g dry weight. (mg GAE/g dw). [82, 84]
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Figure 4: Gallic acid standard curve of total phenolic content

2.3.7.  Particle Size Analyzer

The molecular size of the natural plant extracts was characterized by a laser particle
size analyzer, MasterSizer/2000 (MALVERN Instruments, UK), according to ASTM E11:61
[85] and BS 410-1 and 2: 2000,[86] ISO 565: 1990. [87]

3. Results and Discussion

Discharge printing was based on the use of chemical reducing agents like thiourea
dioxide and formaldehyde compounds to achieve a high whiteness degree on colored
materials. The removal of chromogenic groups implies that these chemical reducing agents
might be suitable for discharge printing of fabrics colored with specific azo-dyes.[88] Due to
secondary pollution problems resulting from the use of unnecessary chemicals, researchers
have explored the use of natural oxidizing enzyme extracts to decolorize textile dyes.

Complex enzymes show color-removing abilities. Concentrated taro coms extract
included a synergistic combination of two key enzymes, making it appropriate for large-scale
use in the textile industry. The enhanced enzymatic discharging procedure can substitute
chemical discharge agents for removing color from woven, dyed fabrics. However, longer
periods are needed to obtain optimal color removal, which is in addition to the difficulty of
extracting enzymes and their inability to remove color 100%. Further study is needed to
address this issue before commercializing biological color removal in the textile business.
However, it remains superior to chemical discharge agents in terms of cost and environmental
advantages.[89]

3.1. Characterization of natural plant extracts
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Phenolic compounds are one of the most important chemical structures found in
biological reagents. The identification of plant extracts (Ficus leaves, Psidium guava leaves,
eggplant skin, and red cabbage leaves) indicated that they are a rich source of a phenolic
component. Plant extracts were tested for total yield extract and total phenol, and they were
(103.9 + 0.90) in Psidium guava, (91.2 + 0.34) in Ficus leaves, (106.3 + 0.39) in eggplant
skin, (100.4 £ 1.5) in red cabbage leaves. All of these phenolic compounds (which may be
essential for the extract's coloration) are removed via enzyme oxidation. Evidence of this is
the presence of discharge on textiles colored with these extracts and printed with oxidizing
enzymes. Figure 5 explains the oxidation of phenolic compounds by using oxidative enzymes
to form colorless acids. [90, 91]
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Figure 5: Possible suggested mechanism for the oxidation of a phenolic compound using
oxidative enzymes.

Compounds having a catechol group were preferred for oxidation by the enzyme, but
compounds containing a pyrogallol group or mono-hydroxyl substituted phenolic moieties
were oxidized less often. [92]

GC-MS analysis of the aqueous extract of Psidium guava leaves, Ficus leaves,
eggplant peel, and red cabbage leaves was carried out to identify compounds that are found
in these extracts, and the results are similar to those illustrated by Toluwani Tella et.al [93],
Hossam S. EL-BELTAGI et.al [94], Ahmed Abdelkhalek et.al [95] and Al-Mudhafr et.al
[96].

It is illustrated in Figure 6 the particle size distribution of four plant extracts in water
(Ficus leaves, Psidium guava leaves, eggplant skin, and red cabbage leaves). The particle size
of natural dye extracts was found to be 883, 269, 346.3, and 499.4 nm for eggplant skin, Ficus
leaves, Psidium guava leaves, and red cabbage leaves, respectively. It is also important to
note that the particle size of eggplant skin extract is larger than that of the other extracts, while
the Ficus leaves extract has the lowest particle size, resulting in the best diffusion and the
greatest K/S value.
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Figure 6: Particle size analyzer for different plant extracts

3.2. Characterization of the enzyme-oxidizing extract

Enzymes in textile wet processing provide significant environmental advantages and
contribute to textiles' sustainability, such as Laccase, PPO, and POD enzymes, which have
been utilized to enzymatically discharge colors from dyed fibers. They were also discovered
to be capable of altering the hue of dyes on textiles, resulting in a unique surface color
pattern.[97]

3.2.1.  Gas Chromatography-Mass Spectrometer (GC-MS) Analysis

The GC-MS chromatogram of the taro corms (Colocasia antiquorum) aqueous
extract was performed to discover bioactive compounds or enzymes responsible for its
oxidizing ability.

The analysis revealed the presence of various compounds at different retention times,
and the structures of these compounds and their molecular weights are shown in Table 1.

The retinol compound is the most significant among them. Dietary vitamin A is a
key precursor of tissue retinol, which is converted into two types of physiologically active
retinoids by consecutive oxidation processes. [98] Vitamin A is converted to retinoic acid
(RA) by two successive enzymatic processes. The first requires retinol dehydrogenase (RDH)
activity to oxidize Vitamin A (retinol) to retinal, while the second requires retinaldehyde
activity (RALDH) to oxidize retinal to retinoic acid (RA), which is a derivative of Vitamin A
(retinol). [99]

Oxidation is a natural process that occurs when molecules lose electrons in a
chemical reaction. If you've ever noticed a banana or apple turning dark after being cut, you've
seen oxidation. In brief, oxidation modifies the chemical structure of the components in the
product, as seen with retinol compounds, which convert to dark yellow over time as the bonds
are oxidized; when exposed to oxygen from the air and as a result, the color of the product,
as well as the consistency and integrity of the contents, may change. [194] And this is similar
to what happens with oxidizing enzymes in taro corms extract, so the retinol compound is
considered evidence for the presence of these enzymes in taro corms extract.

Table 1: GC-MS analysis of taro corms (Colocasia antiquorum) water extract



427
428
429
430

431
432

433

434
435

Rt Identified Mol. | Molecular
Chemical structure
(min) | compounds | weight | Formula

14.7 Retinol 286.45 | CyoH300 OH

Octadecanoic 0

14.9 . 28448 | CisHiO2 | o~
acid OH

16.4 B3-Sitosterol 414.7 C9H;500

17.8 | Myristic acid | 228.37 | Ci4H230: /\/\/\/\/\/\)J\
OH

2- OH

18.54 242.44 CisH30 )\/\/\/\/\/\/\/
Hexadecanol
20 Trans-phytol | 296.5 C20H400 /\)\/\/w
HO

21.55 Docosane 310.6 CxHue P U U U U U

3.2.2.  Enzyme activity

Taro corms Polyphenol oxidase (TPPO) activity was evaluated by measuring the
initial rate of quinone production, which was shown by an increase in absorbance units (Abs)
at 420 nm. The activity was measured using catechol as a substrate according to the following
equation: -

.. (AbS3 min— AbSg min) X Veotal vol 1
The activity of PPO = = min- 7 _total volume (m)
Vtotal time (min) X Venzyme volume (ml)

An assay of PPO activity in taro corms at a different time at a wavelength of 420 was
observed at 180 sec. [100] As shown in Figure 7



436 It can be explained from Figure 7 The activity of the polyphenol oxidase enzyme
437  extracted from taro corms increases with increasing time, and the best activity is at 180 sec
438 at a wavelength of 420 nm. While the activity of the peroxidase enzyme can be determined
439 with hydrogen peroxide as a substrate according to the previous equation, an assay of the
440  POD activity of taro corms at a different time at a wavelength of 436 was observed at 180
441 seconds, as shown in Figure 7. It can be explained from Figure 7 The activity of the
442 peroxidase enzyme extracted from taro corms increases with increasing time, and the best
443 activity is at 180 sec at a wavelength of 436 nm.
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447 Figure 7: Effect of reaction time on PPO activity
448 Enzyme stability is critical in determining the economic viability of biocatalysis

449  applications. Heat and high pH reduce the activity of catalytic proteins. According to the
450  previous test, the enzyme was not exposed to high temperatures or a change in acidity, and
451  therefore, the enzyme was stable throughout the storage period.
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3.2.3. Mechanism of oxidizing enzymes

It is essential to understand the mechanism of oxidizing enzymes like peroxidase and
polyphenol oxidase, which function as discharge agents in an oxidation reaction to decolorize
the dye. [101]

3.2.3.1. Mechanism of taro corms polyphenol oxidase

The oxidation reaction is a very powerful method for destroying phenolic compounds
(the main compounds in natural extracts) in aqueous solutions. Phenol removal is a quick
reaction, with virtually total elimination occurring in a short amount of time. Polyphenol
oxidases use molecular oxygen to catalyze the hydroxylation and dehydrogenation of
phenolic substances, producing reactive o-quinones.[44, 102] 90% of phenol (whose presence
in the natural extract may be responsible for its color) degradation happens during the first
ten minutes of the reaction; the remainder degrades slowly and requires around half an hour
to achieve complete oxidation efficiency, which is commonly greater than 98%. Thus, it 1s
suggested that ferrous ions in enzymes react quickly with oxygen in the atmosphere, creating
a high number of hydroxyl radicals when increasing the temperature from 0°C (stored
temperature) to working temperature, which causes the aromatic rings to be rapidly
destroyed and form colorless organic acids. [91, 103] Figure 8 clarify the suggested
mechanism for explaining the color changes observed during the reaction due to the
degradation of phenol. [91, 104]

OH 0O

r ) N
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) 0
- N OH', OH _on’ CO, + H,0
—_— OH () - H OH+ HO e 2T Hp
< OH opening
ring 0
OH Formic acid Oxalic acid
N B

Figure 8: Suggested mechanism for explaining the color changes observed during the
reaction due to the degradation of phenol

In Figure 8, at 60 minutes of reaction time, phenol (PHE), catechol, hydroquinone,
p-benzoquinone, oxalic, and formic acids were observed; the catechol and hydroquinone
come from activated HO- attacks on positions two and four, respectively; p-benzoquinone
comes from hydroquinone oxidation; and oxalic and formic acids come from aromatic
compound ring openings, which are colorless in water and can be oxidized again to carbon
dioxide and water. [91]

Whereas in the case of PNP (p-nitrophenol). PNP, hydroquinone, p-benzoquinone,
oxalic, and formic acids were isolated after 30 minutes of reaction time. After substituting
NO: with a phenol group, aromatic ring position four is activated, and positions two and six
are doubly activated; therefore, hydroquinone is formed, and further oxidation generates p-
benzoquinone. The oxalic and formic acids result from the aromatic compounds' ring opening
in response to HO- electrophilic attack. After 60 minutes of reaction time, both colorless acids
remained, as explained in Figure 8.[91]
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3.2.3.2. Mechanism of taro corms peroxidase

Peroxidases, a type of important antioxidant enzyme, are extensively distributed in
nature and catalyze the oxidation of diverse electron donor substrates while rapidly reducing
H>0:. They can help to minimize pollution by bioremediating wastewater, including cresols,
phenols, and chlorinated phenols, as well as degrading synthetic and natural textile dyes.
[105]

When peroxidase reacts with phenolic substrates (in the natural extract), a cyclic
reaction occurs. This process is summarised below.

The enzyme begins in its natural state (E) and is oxidized by hydrogen peroxide or
oxygen in the atmosphere to generate compound I, an active intermediate molecule (Ei),
which is illustrated in equation 1. Compound I oxidizes one molecule of phenol (PhOH) to
create a phenol-free radical (PhO*®), and compound Il is formed (Eii), as illustrated in equation
2. Compound II oxidizes a second phenol molecule, producing another phenol free radical
before returning to its natural form (E), as illustrated in equation 3. The free radicals
polymerize and precipitate insoluble chemicals. [106]

E + H20: = Ei +H20 1)
Ei + PhOH’ = Eii + PhO° 2)
Eii + PhOH”’ = E +PhO’ + H20 3)

3.3. Optimization of Discharge Printing Conditions

Discharge printing of textiles with grafting modification is a revolutionary method
in the textile industry, allowing for customized materials with better characteristics and
performance. This method attaches functional biological enzymes to textile substrates,
resulting in the desired characteristics.[107]

In this research, polyphenol oxidase and peroxidase enzymes were used instead of
harmful reducing or oxidizing agents, such as formaldehyde sulfoxylate, which produces
formaldehyde vapors and is a human carcinogen under a variety of conditions. The effect of
enzyme extract concentration, pH, drying time, and temperature, as well as the effect of
adding auxiliaries, on the performance of white discharge printing, was investigated.

3.3.1.  Effect of taro corm extract concentration

Cotton fabrics were first dyed with several natural plant extracts, and the dyeing
procedure was previously mentioned. Different concentrations of taro corms extract (50, 100,
150, 200, 250, and 300 g/kg) were employed and combined with the printing paste, which
only includes the thickening ingredient (sodium alginate) while keeping the pH at 5 and 3 in
the case of cotton and wool, respectively.

The cotton and wool fabrics were then screen printed with these pastes, and another
sample was printed by using a chemical reducing agent (sodium hydrosulfite Na>S,04) in the
absence of taro corm extract for comparison. After printing, the samples were left to dry under
varying conditions.

The possible explanation for the occurrence of the discharge printing effect is that
the taro corms extract contains polyphenol oxidase and peroxidase enzymes that catalyze the
oxidation of naturally dyed fabrics through the enzyme active site reaction with the oxygen



534
535
536

537
538
539
540

541
542
543
544
545

546
547
548
549

550

551
552

present in the air and produces a large number of hydroxyl radicals that attack the phenolic
compounds that are responsible for the color of the natural dye and cause the aromatic rings
to be rapidly destroyed and form colorless organic acids. [91]

Table 2 illustrates that the increasing percent in the WI of cotton fabrics dyed with
Psidium guava leaves and printed with various concentrations of taro corms extract increases
progressively, and the optimum concentration of taro corms is 25%, and Figure 9 presented
the discharge printed cotton samples at the optimum concentration.

It’s clear from Table 2 that the discharge rate of cotton textiles dyed with Ficus
leaves and printed with varied concentrations of taro corms increase gradually to 30%, at
which they became (2.04, 31.97, and -19.59) respectively, so we may conclude that the
optimum taro corms extract concentration that fulfils the best dye removal and high whiteness
index is at 30% as shown in Figure 9.

As shown in Table 2 The cotton samples dyed with both natural plant extracts and
printed with printing paste that contains sodium hydrosulfite (SHS) as a chemical reducing
agent have the highest discharge rate when compared to those printed with taro corm extract,
but the difference in the discharge rate is small.

Table 2: Effect of taro corms extract concentration on discharge rate of cotton fabrics dyed

with different natural dye extracts
Taro |Color . Whitenes . |Yellowness .
Fabric Natural | corms streng [Decreasing s index Increasing index Decreasing CIE lab system
dye Conc. | th |in K/S (%) (WI) in WI (%) (Y1) in YI (%)
(%) |(K/S)
51.68 463+
Blank ] ] +086 | 0.08 ] Lja b
.82 -27.21+ 40.51 +
0 0.05 - 0.45 - 067 - 66.46 | 9.89 [15.95
.49 + -19.94 + 29.77 +
5 0.05 11.74 033 26.70 0.49 26.53  [79.13]4.93 |12.21
.41 + -18.34 27.76 +
10 0.04 14.59 031 32.59 0.46 3149 [80.02|4.76 [11.62
15 2.39+ 1530 |-17.99+| 33.88 26.85 33,73  (80.24 | 4.44 (10.67
Guava 0.04 0.3 0.45
extract 2.04 + -17.57 2592 +
20 0.04 27.75 0.29 35.42 043 36.03 [80.29|5.32 [12.97
1.93 + -15.64 + 25.14 +
Cotton 25 0.04 31.67 0.26 42.52 042 3796 |81.19|4.81 |12.51
2.02 £ -16.27 £ 25.34 +
30 0.04 28.46 027 40.20 0.42 37.46 |80.89|4.63 [10.80
1.76 £ -12.07 £ 28.52 +
&
SHS 0.03 38.16 02 55.66 047 46.29 169.01 | 8.67 |14.59
8.46 + -28.48 + 38.32+
0 0.06 - 047 - 0.64 - 61.92 |15.13 [12.04
2.83 -24.6 + 35.84 +
18.22 13.61 4 .62 (13.02 [14.
Ficus 5 0.05 8 041 3.6 0.59 6.46 63.62 [13.0 36
extract 2.82 + -24.2 ¢ 35.72
10 0.05 18.51 04 15.02 0.59 6.77 67.48 |111.38 |13.05
.78 + -23.89 35,59+
15 0.05 19.67 04 16.11 0.59 7.11 74.64 [10.79 |9.14
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20 2(';351- 21.12 _zégg * 19.34 3?)..:;781 8.21 75.01(10.23 {9.33
25 2;.‘341- 29.53 _zé??; * 22.85 B4.3+0.57| 1048 [76.06|9.97 |9.38
30 26?341 40.84 -1093631 31.18 3%)9583 * 16.54 [76.58 | 9.64 |8.30
SHS * 1(')?341- 42.87 43;? * 74.13 3?)9525 * 2259 [75.45)|6.46 |11.05

* SHS: sodium hydrosulfite 25 % (250 g/kg)

Printing condition: The cotton fabric was printed with taro corms printing paste at different concentrations (5,
10, 15, 20, 25, and 30%) at pH 5 for all natural extract at 80°C for 60 min for Ficus leaves, at 25° C for 180 min
for Psidium guava leaves.

(a) (b) () (d) (e)
Figure 9: Discharged cotton fabrics using taro corms extract at optimum concentration

(a) blank fabric (b) Discharged Guava dyed fabric (c) Guava dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric

From Table 3 In both cases of wool fabrics dyed with Psidium guava leaves extract
and Ficus leaves extract, the optimum concentration of taro corms extract, which achieved
the highest discharge effect, was 15%, and the optimum discharge printed wool samples are
shown in Figure 10.

It’s clear from Table 3, that in the case of eggplant skin extract, the whiteness degree
increased from 5% up to 10%, and by increasing the taro corms extract concentration, the
whiteness degree decreased regularly, so we can conclude that the optimum concentration of
taro corms extract in that case is at 10% and the discharge printed sample at this optimum
concentration is presented in Figure 10.

In the case of wool samples dyed with red cabbage leaves extract, Table 3 clarified
that the increasing percentage of whiteness increased regularly from 5% until they reached
20%. With the increase in concentration above 20%, the whiteness index decreased gradually.
So it was concluded that the optimum concentration for taro corms extract on the wool
samples dyed with red cabbage extract is 20%, which is presented in Figure 10.

It's obvious from Table 2 and Table 3 that cotton fabrics were only dyed with
Psidium guava leaves extract and Ficus leaves extract, and then printed with taro corms
extract, while wool fabrics were dyed with Psidium guava leaves, Ficus leaves, eggplant skin,
and red cabbage leaves extract. This is due to the pale color that resulted in the dyeing of
cotton fabric with eggplant skin and red cabbage leaves extract, and all of the colors resulted
from dying at different pH mediums were light, which was attributable to the fact that natural
dyeing of cotton fabrics was harder than wool or silk fabrics owing to their chemical structure.
[108]



586 Natural cotton fabrics, as is well known, have a negative surface charge due to the
587  hydroxyl groups produced in their chemical structure. These negative charges on the cellulose
588  fabrics reject anionic dyestuffs such as red cabbage leaves extract and eggplant skin extract,
589 which contain anthocyanin and anthocyanidin groups. There are two types of red-blue
590  pigments found in plants, and the molecular structure of anthocyanins has an ionic nature,
591  resulting in minimal dye absorption. [109, 110]

592 Furthermore, it was discovered that the taro corms could not produce a fully white
593 discharge on wool samples. As a result, it can be inferred that taro corms may be effectively
594  used to generate halftones by adjusting the printing conditions. This was evident when the
595  samples printed with taro corm extract were compared with samples printed using SHS as a
596  reducing agent.

597

598  Table 3: Effect of taro corms extract concentration on discharging rate of dyed wool fabrics

599 using different natural dye extracts

Fabric Natural cz‘;‘l::s Sts:ll;;hDecreasingW?;‘;&esslncreasingYeg:)(;gessl)ecreasmg CIE lab system

e oy sy MBI WOy IYTCR) y

_ 46 +

Blank - - i 2_;21 - 12_12 ] Lopa b
. 2%.131 £ -1721.5733‘—' i 7f-§9i - |s5L15] 693 |27.25
5 1%‘_9258 3504 '1522?'61141' 7.90 71‘_22? 505 |56.05]6.81 [27.40
10 1‘(‘)‘_72? 4422 '1525_'55761 9.41 731'_ii 649 [59.13| 6.84 [27.78
cona | 1 1%)'.212"‘“ 57.45 '1421;% 17.31 681'_221 1293 [59.52] 6.34 |27.34
extract) 136'2‘; 4340 '142%'32631 16.59 Gi"slzi 1230 |59.82 6.11 |26.88
25 1‘(;'21 40 '14228241 14.49 Gi'jg; 10.63 |57.72] 7.06 [27.90
Wool 30 1‘(;"121 * 46.64 '152?:;11 12.41 711"516; 849 |58.77]6.19 |26.13
N 9(-)‘.‘56’—” 64.28 ';"?’2641 2045 Gi"%;i 1546 |57.40|7.71 |26.55
o [HDE L pBAE TR aw0s{17.93 |29
5 86??51 26.47 '1212'331' 15.28 791'.73(;1' 0.76 |54.12[13.7418.02
|10 8:1651' 2713 '101?'7%71 24.12 7?3221' 250 |52.02[14.50(18.89
extract |15 86%541 32.15 '10157'7341 26.24 7‘;‘2‘;1 725 |[54.48[14.13[18.28
20 8(‘5’41 31.49 '101(?'70541 25.96 71'2731' 7.09  |48.66 |15.21 |18.95
25 8(‘;;‘51' 28.11 '1017.'7%61' 24.82 7(1'.32? 501 |52.11[14.06 [17.68




30 ?)?151 26.80 _111?'8127 * 23.07 73'23i 1.59 [52.69(14.4118.92

SHS * 3(')?0171- 69.68 _91?%’951 30.24 61'.?)93i 22.87 160.96 |12.05|15.88

0 1?)'.12?; 2o '53:32 Hooo |3 f)'_g;i - | 518|291 |9.74

5 12?[; * 13.77 _Sééi * 0.51 3:(;852 * 0.56 |61.22|5.70 |13.41

10 1(())'2?;1- 23.94 -43355, * 11.74 25())..5:‘21 7.82 16342 5.25 (13.53

Eggplant| 15 1%?1?;1 20.15 _43'32 * 11.37 3%)'(;12i 330 [61.79| 545 |12.97

i . . .

otract | 2 [1083] 177 (498921 31058 1y oo o [raas
25 1%)?12 * 16.43 _5822 * 1.66 3%)?;; * 227 6143|545 [12.85

30 1%)..3ff’)i 14.07 _Séég * 0.61 3%)'.5;22i 1.71 61.25| 5.32 |13.28

SHS * S(ffsi 34.57 _3821 * 28.60 ZZ.IiSZi 21.27 |34.57|28.60|21.27

0 7(')?12 41 - '61.‘3? * - 42'.272": . 52.14| 7.33 | 9.88

5 7(')?:51521- 11.09 _4358; * 18.80 3;';‘; 29.34 |55.77|10.52{12.88

10 6(.)5.3321 14.12 _4333 * 22.36 ?%iii 30.93 |56.40|10.76 | 12.32

Red 15 6(.5:51911 16.90 -48;3 * 23.84 3(1)"3;721 33.64 |56.77|10.15|13.39
c;(l:i'):cgf 20 >-96 % 24.85 4>.76 % 25.42 304 3539 [64.99 |10.45|13.29

0.1 0.76 0.51

25 66%511 19.80 -4332 * 25.27 3(1)'221 34.23 |57.08 |110.40{13.00

30 6(':521 14.75 -4;;2 * 23.11 3%"5531 31.12  |56.5510.78 |12.95

SHS * 4(')?;81 38.62 -4531 * 30.23 2%2981 38.67 6599 2.13 |14.08

600 * SHS: sodium hydrosulfite 25 % (250 g/kg)

601 * Printing condition: The wool fabric was printed with potato peel printing paste at different concentrations (5,

602 10, 15, 20, 25, and 30%) at pH 3 for all natural extract at 80°C for 60 min for Ficus leaves, at 25°C for 180 min
603 for Psidium guava, at 25°C for 120 min for eggplant skin and at 0°C for 30 min for red cabbage leaves.
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Figure 10: Discharged wool fabrics using taro corms extract at optimum concentration
(a) blank fabric
(b) Discharged Guava dyed fabric (c) Guava-dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric
(f) Discharged Eggplant skin-dyed fabric (g) Eggplant skin-dyed fabric
(h) Discharged Red cabbage dyed fabric (i) Red cabbage dyed fabric

3.3.1.1. Effect of PH

Most enzymatic activity is particularly pH sensitive. Different discharge pastes
containing varying concentrations of enzyme extract were generated, and the pH values were
modified to 3, 4, 5, 6, and 7. The difference in lightness value between the printed image and
the surrounding dyed fabric (base) reflects the efficacy of the dye discharge by peroxidase
and polyphenol oxidase enzymes in taro corm extract.

It’s clear from Table 4 In the case of samples dyed with Psidium guava and Ficus
leaves extract that there is a relationship between the pH medium of the printing paste and
the discharge rate. While the pH increases from 3 to 5, the discharge rate and the degree of
whiteness also increase gradually; however, when the pH increases beyond 5, the discharge
rate gradually decreases, and sometimes it can reach the point of increasing the color of the
printed sample instead of removing it. It can be concluded that the highest degree of whiteness
is obtained at pH 5 in the case of cotton samples dyed with various natural plant extracts. The
optimum discarhge printed cotton samples are presented in Figure 11.

Table 4: Effect of pH of printing paste on discharge rate of cotton fabrics dyed with
different natural dye extracts

pH of Color 'Whitenes Yellownes
Fabric Natural the tren thDecreasing s index Increasing in| s index |Decreasing CIE lab system
dye printing’ (K/Sg) in K/S (%) (WI) WI (%) (YD) in YI (%) ¥
paste
51.59+ 4,62 +
Blank ] ] 3.51 ] 0.32 ] Lja]hb
. 2.81 -27.16 40.44 +
Dyed material +0.2 - 185 - 275 - 66.46| 9.89 [15.95
236+ -20 354+
16.01 26.34 12.4 72.53]14.04 | 7.74
. 3 0.17 6.0 1.36 6.3 241 8 33140
cotton
2.23 ¢+ -17.11 + 2849t
4 20.64 7. 29. 72.26] 7. 19.
Guava 016 0.6 117 37.00 194 9.56 6] 7.66 [19.69
extract 1.92 + -15.61 25.09 +
1. 42.52 . 1.19] 4.81 |12.51
5 014 31.67 1.07 5 171 37.96 [81.19( 4.8 5
275+ -23.46 29.57 +
2.1 13.61 26. 2 .07 [18.
6 019 3 16 3.6 501 6.90 |68.28]9.07 [18.60
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7 2(.;;391 1.77 ’241'_9721 8.21 322'.1121 2061 [72.52]9.86 |19.66
Dyed material| 3.45 B.45+0.24] -28.47 [28.43+1.94 38.31 B8.25+ 2.6{61.92[15.13[12.04
3 2.(;321 16.19 ’zi’:gfi 11.75 372'.;331 291 |67.63[10.89]10.56
4 2(';1361' 32.28 ’171'_5281 21.46 3‘;‘.‘2‘;1 9.72  [72.10[10.26] 9.43
el}:::‘lz:Zt 5 Zb?ff 40.84 '18_'g§i 31.18 312'.91? 16.54 |76.589.64 | 8.30
6 2;‘;‘71 29.13 'lig’;’i 19.45 352'2? 835 |71.05]10.77]|10.27
7 26?1791 19.67 -212;4; 13.40 362'.3?; 424 167.92(12.30(12.80

*Printing condition: The cotton fabric was printed with taro corms printing paste at different pH (3, 4, 5, 6, and
7) at a concentration of 300 g/kg at 80°C for 60 min for Ficus leaves, at a concentration of 250 g/kg 25°C for
180 min for Psidium guava leaves.

(a) (b) (©) (d) (e)
Figure 11: Discharged cotton fabrics using taro corms extract at optimum pH

(a) blank fabric (b) Discharged Guava dyed fabric (c) Guava dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric

In all wool samples, the maximum activity of polyphenol oxidase and peroxidase
enzymes in taro corm extract was found to be around 3 and 4, respectively, when tested at
different pH levels ranging from 3 to 7.

As illustrated in

Table S The highest discharge rate occurred at pH 3 in all wool samples dyed with
various natural plant extracts. This pH value is considered the optimum pH at which enzymes
reach their maximum activity and are capable of oxidizing the naturally dyed sample
efficiently.

Table S5, shows that increasing the pH of printing paste resulted in a significant
decrease in whiteness index, indicating that the activity of enzymes and their ability to oxidize
are Primarily dependent on the pH of the printing paste, which is usually 3 for wool fabrics
and the wool samples that were printed at this optimum pH are presented in Figure 12.

As shown in

Table 5, increasing pH of the printing paste not only limited the discharging rate of
the printed samples but also increased the color of the printed samples more than the original
dyed material when reached pH 7, which means that the activity of the enzymes completely
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stopped and was not able to work because of the variation of the pH (especially when
increased towards alkali medium). This variation modified the protein structure with a
denaturing effect on the enzyme or a change in the ionization of the active site, which
negatively impacted its activity. This phenomenon may also be due to the polymerization
process that occurs when the conditions are suitable, such as an increase in pH medium
towards alkali medium: the individual molecules of o-quinones (that were formed as a result
of oxidizing the phenolic compound in natural dyes) join together to form bigger molecules
and form a substance called melanin, rather than opening its aromatic ring and creating
colorless organic acids.

Table 5: Effect of pH of printing paste on discharge rate of wool fabrics dyed with different
natural dye extracts

pH of Color . Whitenes‘ . . ellownes .
. |Natural| the Decreasing| . Increasing in| . Decreasing
Fabric ... strength. s index s index |, CIE Lab system
dye printing in K/S (%) WI (%) in YI (%)
(K78S) (WD) (YI)
paste
18.68 + 16.43 +
Blank - - 127 - 112 - L a b
. 26.4 171.44 4 78.07 +
Dyed material +18 - 11.66 - 531 - 51.15( 6.93 |127.25
11.24 + 141.76 4 67.97 +
3 0.77 57.45 964 17.31 463 12.93  [59.52] 6.34 |127.34
14.4 + 150.76 4 71.32 +
4 0.98 45.47 10.95 12.06 4.85 8.65 56.66| 5.40 [30.42
Guava 17.61 % 166.45 4 75.42
extract 5 12 33.33 11.32 291 513 3.39 54.99] 6.14 [30.34
21.27 4 167.47 4 76.34 +
6 145 19.45 11.39 2.31 519 2.21 54.99] 6.14 [30.34
28.24 1 175.37 4 79.94 +
7 1.92 -6.93 11.93 -2.29 5 44 -2.38  149.64] 6.60 |127.76
. 12,13 + -142.97 £ 80.24 +
Dyed material | 12.14 083 -143.20 972 80.36 5 46 49.03|17.73(22.93
8.23 + 105.46 4 74.42
Wool 3 056 32.15 717 26.24 506 7.25 54.48|14.13(18.28
835+ 106.52 1 7471
4 31.16 25.50 6.88 54.14(14.91(22.80
0.57 7.25 5.08 ?
Ficus 8.43 + 112.18 4 75.84 +
extract 5 058 30.50 763 21.54 516 5.47 54.07115.89(21.32
8.57 + 142.54 4 79.87
6 0.59 29.35 9.69 0.30 543 0.46 51.00116.01{19.53
12.8 144.21 4 815+
7 0.88 -5.55 9.81 -0.86 554 -1.57  [48.17(18.63]20.26
. 3201+
Dyed material | 13.17 (13.15+0.9| -51.48 | -51.4+3.5 | 32.06 )18 51.8 [ 2.91 | 9.74
10.01 £ -45.37 + 29.51+
3 0.69 23.94 3.09 11.74 201 7.82 63.42] 5.25 [13.53
Eggplan| 4 B n +
t skin 4 1?31;72 1 2045 453'417 B 11.54 32229 - 4.36 59.941 4.96 [13.79
extract . . -
11.32 + -46.83 30.83 +
5 0.77 14.00 319 8.90 21 3.71 59.62| 6.05 [14.27
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114 + -49.24 + 31.06 +
6 0.78 13.39 3.35 4.22 212 2.96 59.06( 4.12 (14.45
11.87 £ -49.86 + 31.86
7 0.81 9.82 339 3.00 217 0.46 58.9214.91 [14.51
. 47.18 £
Dyed material | 7.91 |7.9+0.54 | -61.34 -61.25+4.17| 47.25 321 52.14]17.33 | 9.88
595+ -45.68 30.49 ¢
3 0.41 24.85 311 25.42 2.08 35.39 64.99110.45]13.29
6.29 £ -48.22 + 37.69
4 0.43 20.43 378 21.28 257 20.11 56.6119.98 [13.26
Red + _ + +
cabbage, 5 6(')757_ 14.24 522§ - 16.86 4;)'766_ 13.96 56.06(10.87(12.68
extract - . .
711+ -52.14 41.15+
6 0.49 10.08 355 14.87 78 12.79 55.7319.14 (12.92
7.64 + -54.93 + 44.21
7 0.52 3.38 3.74 10.33 301 6.30 52.5217.67 (13.24

*Printing condition: The wool fabric was printed with taro corms printing paste at an optimum concentration of
150g/kg for Ficus and Psidium guava leaves and 100g/kg for eggplant skin and 200g/kg for red cabbage leaves
at different pH (3, 4, 5, 6, and 7) at 80°C for 60 min for Ficus leaves, at 25°C for 180 min for Psidium guava
leaves, at 25°C for 120 min for eggplant skin and at 0°C for 30 min for red cabbage leaves.

(b)

(c)

(d)

(e)

®

(2)

(h)

Figure 12: Discharged wool fabrics using taro corms extract at optimum pH
(a) blank fabric

(b) Discharged Guava dyed fabric
(d) Discharged Ficus dyed fabric

(f) Discharged Eggplant skin-dyed fabric
(h) Discharged Red cabbage dyed fabric

3.3.1.2. Effect of drying time

It has been found that, at the beginning of a period, the amount of substrate change
is directly proportional to the duration of treatment time. After a specific period, the reaction
rate tends to slow, and the yield is no longer linearly proportional to the treatment duration.
If the substrate is abundant, one explanation for this phenomenon is the progressive reduction
of enzyme activity over time. [22, 104, 111]

(c) Guava-dyed fabric
(e) Ficus dyed fabric
(g) Eggplant skin-dyed fabric
(i) Red cabbage dyed fabric
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As aresult, the printed cotton and wool samples were subjected to a drying procedure
at various time intervals to determine the optimal period required for maximum color
removal. The drying was performed for 30, 45, 60, 90, 120, 180, and 240 min before washing
and drying.

The data in Table 6 explain a gradual increase in whiteness index until it reaches its
maximum at 180 min, and the color of the printed samples deviates from yellowish brown to
pale yellow.

In the case of Ficus leaves extract, Table 6 shows that color removal increased by
increasing the drying time till it reached its maximum at 60 min, and the discharge printed
samples at optimum time are shown in Figure 13. The increase of the drying time beyond 60
min caused an observed decrease in whiteness index; this might be attributed to the reduction
of enzyme activity over time.

Table 6 Effect of drying time on discharge rate of printed cotton fabrics dyed with different
natural dye extracts

. [Natural DI:ying Color Decreasingwmteness[ncreasingYe!lownessDecreasing

Fabric dye tlrfle strengthin K/S (%) index in WI (%) index in YI (%) CIE Lab system

(min) | (K/S) (WD) (YD)

59 + 62+
Dyed material Zf ' - '2;'(1)21' - 42‘2‘;* - 66.46 | 9.89 [15.95

0.21

30 2(')(_)1661 26.69 'fj‘éi 28.10 29;.'724;1 2648 | 69.4 |8.89 | 17.6
45 1(')?1951 29.18 'f‘iéi 33.32 28;:31 30.38  |70.66 | 8.29 |16.39
60 1(')?1751 29.89 -1;.31 34.91 272';771 3134|7077 | 6.71 |15.12
g‘t‘f:; 90 1(')?1651 30.24 '1;'231 37.22 227"3; 3225 |71.96| 7.8 |15.96
120 1(')?1451 30.96 'f:i;i 37.88 2(;.;3;1 34.65 |72.86|5.90 |12.52
Cotton 180 1(')?125* 31.67 'lif%i 4252 25;..25;1 37.96 [81.19 | 4.81 |12.51
240 é‘jg 14.59 'f:igi 26.89 332'_121' 1732 |72.545.63 |10.95
Dyed material 30425 Gi _izgil; - 382"2855i - 61.92 |15.13 |12.04
30 2(')?29; 16.19 'zisgi 2521 322'36; 13.82  [68.82[11.70 [11.00
45 2'38; 25.18 'ZS:EZJL 27.63 322'_i15i 1421 [69.27 |11.68 |10.94
e‘;:ﬁgzt 60 16?5: 40.84 -13.224; 31.18 312'_2;1' 1648 |76.58|9.64 | 8.30
90 2('51181 33.01 '?;i;i 31.00 322'_331' 1544 [73.38 [10.71 | 9.35
120 2(.512; 32.72 'liiji 30.90 322_1? 1534 [72.79 [10.23 | 8.45
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238+ -19.87 3251+

180 018 30.98 1.48 30.09 243 15.00 |71.20|11.78 {10.59
25+ -19.92 + 32.61%

240 019 27.50 1.49 29.90 243 14.74 |70.05 {10.72 | 9.57

*Printing condition: The cotton fabric was printed with taro corms printing paste at an optimum concentration
of 300g/kg for Ficus leaves extract and 250 g/kg for Psidium guava leaves extract at different times (30, 45, 60,
90, 120, 180, 240 min) at pH 5 for both natural extract at 80°C for Ficus leaves, and at 25°C for Psidium guava

leaves.

(a)

(a) blank fabric

(b)

(b) Discharged Guava dyed fabric

(d) Discharged Ficus dyed fabric

It’s clear from the data in

(©)

(d) (e)
Figure 13: Discharged cotton fabrics using taro corms extract at the optimum time

(c) Guava dyed fabric
(e) Ficus dyed fabric
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Table 7, that the optimum drying time that is suitable to achieve the highest WI of
the printed samples was attained when the printed samples were left to dry for 180 min, and
the discharge wool printed samples at optimum time are shown in Figure 14. When the time
intervals were less than or more than 180 min, the discharge rate wasn’t as high as that
obtained at this point.

In the case of wool samples dyed with Ficus leaves extract
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Table 7 explained that the increasing percent in WI gradually increased by
increasing the drying time to 60 min, at which these values reach their maximum, as
demonstrated in Figure 14, and by a further increase in drying time over this point, the
discharge rate gradually decreased. This may be due to the loss of enzyme activity after this
time, which led to a lower discharge rate above the optimum time.
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Table 7 illustrated that the discharge rate in wool samples dyed with eggplant skin
extract and printed with taro corms extract regularly increased by increasing the drying time
up to 120 min; however, when the drying time exceeded this value, the whiteness degree
decreased again, so the optimal time suitable for drying these printed samples was 120 min,
at which the discharge effect was the best and the discharge printed sample at the optimum
time was shown in Figure 14.

In the case of wool samples dyed with red cabbage leaves extract
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Table 7 explained that the highest WI was attained after conducting the drying time
for 30 min; increasing the drying time beyond 30 min causes a slight decrease in whiteness
degree. This may be due to the slight loss in enzyme activity, as previously stated.
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Table 7: Effect of drying time on discharge rate of printed wool fabrics dyed with different
natural dye extracts

. |Natural Dl:ying Color DecreasingW?itenesslncreasingYe!lownes%ecreasing

Fabric dye tlII-le strength in K/S (%) index in WI (%) index in YI (%) CIE Lab system

(min) | (K/S) (WD) (YD)

68 + 43+
mak | | .| meees|[aeass T T
Dyed material 216.':71- - 41;3;‘ * - 785'.%72i - 51.15| 6.93 |27.25
30 211'.96345 16.84 '11515.;5811 9.12 73;'221 579 |53.40| 6.88 [26.28
45 161"621i 37.07 liigii 9.87 725'3721 6.92 |55.42]7.36 [28.80
60 151"716; 40.32 -1;1?321 13.36 7;22* 8.60 |[57.26|4.79 |31.41
g‘t‘f:; 90 13"19‘?45 54.01 '1;%:2;1 1721 705'.2231: 9.96 [58.44|5.10 [30.46
120 1%)';? 57.15 -1;%?;51 17.24 72'.221;‘: 10.03 |59.426.37 |24.29
180 12.;? 57.45 '1f;j§§i 17.31 675"%77i 1293 [59.52] 6.34 [27.34
240 zi"gi 6.37 -1;52:?21 4.92 7‘;'.2511: 486 |54.99|5.12 [26.06
Dyed material 13;31i _1;‘5:257,1- 8(;..2911 49.03 (17.73 |22.93
7+ £111.59 + 51+
" 30 8%;753+ 20.04 j}}}; 21.95 ::5%5 2.15 |50.7313.88 [25.24
a5 | “oea | 2951 g0l | 2482 s, | 434 [5082]1525)27.21
60 8::21 32.15 '1075.;:561 26.24 7‘;'.5:;1 725 |[54.4814.13]18.28
eziﬁgzt 90 8(.)%;; 31.98 '1075;9“ 25.91 7551151 633 [53.09]13.23 [26.58
120 86%:; 31.65 '1076:5‘13’* 25.49 7?"‘28; 6.05 |[52.91]13.32(26.46
180 8;}:; 30.42 '%%Ti 25.48 7?'_867; 544 [52.40]13.62(26.90
240 HVALUE! 30.01 '1077.50721 25.15 7?’_7732'1 437 [51.01(13.54|24.67
Dyed material 13;;* '531.;;1’ 322'_219t 51.8 | 2.91 | 9.74
30 11+0.82 1643 '4;';21 7.11 33’2? 452 |56.61|7.86 |15.09
Eggplant 45 18'3; 17.19 '4;'23131 8.41 33’_12251 592 |57.43|7.85 |14.98
L

e;trl:ct 60 1%'.57245 19.92 '4;'22’: 9.83 22‘_;321 7.14  |58.29| 7.57 |14.48
90 1%:‘;245 20.68 _4§:z1u71i 10.18 292‘?23 1780 [6327] 53 |13.52
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120 1%3::_, * 23.94 -4:;); * 11.74 292521 * 7.82 [63.42] 5.25 |13.53
180 1%..9811 16.88 _4?6)22 * 9.23 3]2".25;i 7.82 [61.87]5.58 |13.77
240 1]6'.(;:;1 16.35 _4?7)32 * 7.89 3]2".?3i 3.05 61.841 5.34 [13.65
Dyed material Z)E:_) gi _61: é 2 * 4;;82 * 52.14| 7.33 | 9.88
30 56?45.51 24.85 -4:23 * 25.42 32197 * 35.39 [64.99]10.45]13.29
45 56?151- 24.60 -4223 * 24.12 322'331- 3148 |64.15(9.72 (13.72
60 6(')(1?51- 23.59 _4222 * 23.82 3323128 * 29.59 163.83]19.68 |11.73
cal;lt;gge 90 6(')1;61- 22.33 _42'2: * 23.55 332'31881- 2947 163.48]9.91 |12.57
extract . . .
120 6(')?:71- 21.32 _463'.956 * 23.33 332'.8521- 28.22 163.2919.73 |13.69
180 6(')?;:71- 21.06 _423; * 22.76 332'.8521- 28.18 63.12]9.85 |11.22
240 6(')?171- 20.69 _438.'6521- 20.82 325.'655i 2477 162.62110.0011.91

*Printing condition: The wool fabric was printed with taro corms printing paste at an optimum concentration of
150g/kg for Ficus and Psidium guava leaves, 100g/kg for eggplant skin, and 200 g/kg for red cabbage leaves at
a different time ( 30, 45, 60, 90, 120, 180, and 240) at pH 3 for all printed samples at 80°C for Ficus leaves, at
25°C for Psidium guava and eggplant skin and 0°C for red cabbage leaves.

(b)

3.3.1.3. Effect of drying temperature

()

(f) Discharged Eggplant skin-dyed fabric
(h) Discharged Red cabbage dyed fabric

(d)

(e)

(a) blank fabric
(b) Discharged Guava dyed fabric
(d) Discharged Ficus dyed fabric

®)

(c) Guava-dyed fabric
(e) Ficus dyed fabric

(€9)
Figure 14: Discharged wool fabrics using taro corms extract at the optimum time

(h)

(g) Eggplant skin-dyed fabric
(i) Red cabbage dyed fabric

@
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It’s necessary to optimize the optimum temperature to achieve the highest increase
in whiteness in the cotton and wool samples dyed with natural plant extracts. Discharge paste
containing the optimal concentration of taro corms extract thickened with alginate was
prepared at pH 5, 3 for cotton and wool, respectively, and used for printing. After printing,
the samples were subjected to dry at different temperatures (0, 25, 40, 60, and 80°C). Finally,
the samples were washed and air-dried as described in the experimental section.

Table 8 explained that as the drying temperature increased from O to 25°C in the
case of Psidium guava leaves, the discharge rate and whiteness degree increased, reaching
their highest levels at 25°C. Further increases in drying temperature resulted in a progressive
decrease in discharge rate, because of the reduction of enzyme activity at high temperatures
and their inability to oxidize the natural dye chromophore.

As illustrated in Table 8 in the case of Ficus leaves, by increasing the temperature
gradually from 0 to 80°C, the discharge rate increased regularly. The ideal temperature was
80°C and the optimum discharge printed samples are observed in Figure 15.

Table 8: Effect of drying temperature of printed cotton fabrics dyed with different natural
dye extracts

Natural DryingL Color DecreasingWhiteness [ncreasingYellownessDecreasing
Fabric temp [strength|, index | index [, CIE lab system
dye ©C) | (K/S) in K/S (%) (WI) in WI (%) (YI) in YI (%)
51.59 + 462+
Blank - - 385 - 035 - L a b
2.81 - - - 66.46 | 9.89 |15.95
. -27.16 £ 40.44 +
Dyed material + 203 3.02
0.21 ' '
0 2.64 + 6.04 -24.38+| 10.23 3834+ 5.20 61.25(12.10]23.93
0.2 1.82 2.86
25 1.92+| 31.67 |-15.61+| 4252 25.09 + 3796 |81.19| 4.81 [12.51
0.15 1.17 1.87
Guava 40 2.38¢+ 1530 |-16.03+| 4097 33.96 ¢ 16.03 |72.18| 4.38 | 8.08
extract 0.18 1.2 2.53
60 2.46 + 12.45 (-21.07+| 22.40 38.13 % 5.71 72.03 | 4.64 | 8.67
0.19 1.57 2.84
cotton 30 248+ | 11.74 |-23.61+| 13.06 38.81+ 4.04 72.02 | 4.29 | 8.02
0.19 1.76 2.89
. .13.45+¢ -28.43 + 38.25 ¢
Dyed material 026 212 7 85 61.92 |15.13 (12.04
0 3.19+ -22.75 ¢+ 33.65%
0.24 17.49 1.7 19.97 2.51 12.02  169.38110.01 | 9.67
-20.87 3281+
25 2.6+0.2
24.60 1.56 26.58 2.45 13.25 |71.83]11.21| 8.88
; + - + +
Ficus 40 254+ 20.64 2738 33.18 ¢
extract 0.19 26.34 1.54 2.48 14.21 |71.37]10.03 | 9.90
2.26 -20.25 ¢ 326+
60 14.76
0.17 34.46 1.51 28.75 2.43 71.8419.39 | 9.06
2.04 + -19.56 + 31.92 +
80 31.18 16.54
0.16 40.84 1.46 2.38 76.58 ] 9.64 | 8.30
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*Printing condition: The cotton fabric was printed with taro corms printing paste at an optimum concentration
of 300g/kg for Ficus leaves extract and 250g/kg for Psidium guava leaves extract at different temperatures (0,
25,40, 60, and 80°C) at pH 5 for both natural extract for 180 min in Psidium guava, and 60 min in Ficus leaves.

(a) (b) () (d) (e)
Figure 15: Discharged cotton fabrics using taro corms extract at the optimum temperature

(a) blank fabric (b) Discharged Guava dyed fabric (c) Guava dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric

It was found from the data in
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Table 9 that as the drying temperature increased from O to 25°C, the whiteness index
for the samples dyed with Psidium guava leaves extract increased gradually. A further
increase in drying temperature of more than 25°C resulted in a clear reduction in WI, and the

discharge printed wool samples that were dried at this ideal temperature is shown in Figure
16.

As illustrated in
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Table 9, in the case of wool samples dyed with Ficus leaves extract, there is an
observed increase in WI by increasing the temperature gradually from O to 80°C and the
highest level of discharge can be obtained at 80°C, which may be due to the increase in the
activity of the enzymes and their ability to break the phenolic compound (which represents
the chromophore of a natural dye) at this temperature.
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Table 9 demonstrated that the highest discharge impact was obtained when the
samples were left to dry at 25°C (room temperature), as shown in Figure 16, When the drying
temperature increased, the activity of the oxidative enzymes decreased, and the discharge rate
likewise decreased. So the wool samples dyed with eggplant skin and printed with taro corm
extract should be left to dry at 25°C, at which point the degree of enzyme activity is sufficient
to complete the oxidation reaction and achieve discharge impact.

It is clear from the data in
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Table 9 in the case of wool samples dyed with red cabbage leaves extract that the
increasing percent in WI decreases by increasing the temperature from O to 80°C, and the
optimum temperature at which the largest amount of the color for dyed material has been
removed is at a freezing temperature of 0°C, as shown in Figure 16.
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Table 9: Effect of drying temperature on discharge rate of printed wool fabrics dyed with
different natural dye extracts

. |Natural Drying) Color Decreasingw!liteness[ncreasingYe!lownessDecreasing
Fabric dye temp strengthin K/S (%) index in WI (%) index in YI (%) CIE Lab system
(°C) | (K/S) (WD) (YT)
- 18.68 + 16.43
Blank - 14 - 123 - L a b
- - - 51.15] 6.93 [27.25
Dyed material 2i.4 +171.44 78.07 =
197 12.77 5.82
15.98 +| 3949 1156.85+#| 8.50 72.73 6.84 |57.06| 5.22 (30.99
0 1.19 11.68 5.42
11.24+| 5745 [141.76+ 17.31 67.97 = 12.93 [59.52( 6.34 |27.34
25 0.84 10.56 5.07
Guava 40 13.29+| 49.66 [144.65+ 1562 | 70.21+ 10.07 |59.47| 4.39 (31.16
extract 0.99 10.78 5.23
14.05 +| 46.79 [147.08 +| 14.21 70.73 940 |57.07| 4.64 (25.27
60 1.05 10.96 5.27
147+ | 4433 [149.01+ 13.08 | 70.85% 9.25 |59.11] 5.97 |30.26
80 1.1 11.1 5.28
.. 1213 -142.97 £ 80.24 + 49.03(17.73 {22.93
Dyed material | - o, 10.65 5.98
10.43 -117.85 ¢ 77.14 + 51.78 | 15.16 | 24.15
0 0.78 14.03 3.78 17.57 5 75 3.86
10.25+| 1552 t115.46+| 19.25 77.02 + 4.01 52.6911491] 26.8
25 0.77 8.6 5.74
Ficus 9.45 + 22.10 |-115.2+| 1943 76.29 £ 491 52.77114.84126.28
Wool | extract 40 0.71 8.58 5.69
9.23+| 2391 111461+ 19.84 | 75.78+ 555 [53.66(15.15]26.90
60 0.69 8.54 5.65
8.23+ | 32.15 [105.46+ 74.54 +
801 062 7.86 26.24 5.56 7.09 2448 14.13118.28
Dyed material 13.15+ -51.4 + 3201+
0.98 3.83 2.39 51.8 | 2.91 | 9.74
0 11.13 -47.17 £ 3181+
0.83 15.44 3.52 8.24 2.37 0.62 [62.83] 6.03 |15.06
10.01+| 2394 |-4537+| 11.74 | 29.51% 7.82  163.42
25 0.75 338 29 5.25 |13.53
Eggplant 10.08 + -45.81 30.53 %
skin | 401 076 | 2341 | 3.42 | 1088 | 2.8 464 |63.09] 6.07 |14.48
extract : : : : : :
60 10.1+ -46.24 30.69 +
0.76 23.26 3.45 10.05 2.29 4.14 63.16| 6.11 [14.65
80 10.24 + -47.09 £ 31.67
0.77 22.20 3.51 8.40 2.36 1.06 [62.75] 6.19 |14.80
Dyed material 79+ -61.25 ¢ 47.18 +
0.59 4.56 3.52 52.14| 7.33 | 9.88
595+ -45.68 30.49 +
ca‘;sgge O | 045 | 2485 | 341 | 2540 | 227 | 3530 [6409]'0* |
extract | 25 I&+045 2422 |-58.56 + 4.39 43.46 £ 7.88 57.19
4.37 3.24 10.47 [17.24
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6.46+| 1829 |-5859+| 4.34 43.63 752 [56.88

40 0.49 4.37 3.25 11.19(17.81
712 + 9.95 -59.47 | 291 439 + 6.95 [55.64

60 0.54 4.43 3.27 10.51[17.46
74+ 6.41 -60.32+| 1.52 4498 + 4.67 |54.81

80 0.56 4.5 3.35 10.44 [ 18.00

*Printing condition: The wool fabric was printed with taro corms printing paste at an optimum concentration of
150g/kg for Ficus and Psidium guajava leaves, 100g/kg for eggplant skin, and 200 g/kg for red cabbage leaves
at different temperatures (0, 25, 40, 60, and 80°C) at pH 3 for all printed samples, for 60 min for Ficus leaves,
for 180 min for Psidium guava, for 120 min for eggplant skin and 30 min for red cabbage leaves.

(b) (©) (d (e) ®) (® (h) @
Figure 16: Discharged wool fabrics using taro corms extract at optimum temperature
(a) blank fabric

(b) Discharged Guava dyed fabric (c) Guava-dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric
(f) Discharged Eggplant skin-dyed fabric (g) Eggplant skin-dyed fabric
(h) Discharged Red cabbage dyed fabric (i) Red cabbage dyed fabric

3.3.2.  Effect of adding oxidizing and reducing agents to the printing paste

To improve the effectiveness of dye removal and the whiteness degree of the
discharge printed samples, as well as to obtain a high whiteness index on the printed samples,
a trial was conducted to combine this bio-oxidizing agent with various reducing and oxidizing
agents to investigate their effect on the dye removal.

3.3.2.1. Effect of mixing H>0: with taro corms extract

Hydrogen peroxide is becoming more popular as an environmentally friendly
bleaching chemical in both the domestic and commercial sectors. [112] Hydrogen peroxide,
with the molecular formula H>O», is an oxidizing agent that works similarly to oxygen but is
much stronger. The inclusion of an additional oxygen atom in the structure of hydrogen
peroxide results in its oxidizing action. This additional oxygen atom is referred to as
"peroxidic oxygen" and is also referred to as "active oxygen." Hydrogen peroxide can directly
oxidize some compounds. The oxygen-oxygen single bond is rather weak and can be broken
down to produce *OH free radicals, as shown in Figure 17.
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H-O-O-H - "'OH+'OH (1)
Figure 17: The formation of hydroxyl free radicals

The two *OH free radicals may just react with one another, producing an undesirable
effect; however, the radical can attack a molecule of organic matter, producing another free
radical in the process of oxidation. This is referred to as a chain-initiating step, as shown in
Figure 18.

‘OH+RH - H:0+R’ chain-initiating step (2)
Figure 18: The mechanism of H>O; in the oxidizing organic compound

As previously explained, in the free radical oxidation of organics, this process
continues until the organics are oxidized to carbon dioxide and water. [113]

The major goals of this work were to combine hydrogen peroxide as an oxidizing
and bleaching agent with oxidative enzymes in taro corm extract to investigate their effect on
textile color removal.

To determine the efficacy of a mixture of H>2O> and taro corm extract on the degree
of whiteness, H>O> is added to the printing paste with the optimum concentration of taro corm
extract according to the type of fabric and the natural plant extract used to dye it. This
oxidizing agent is also mixed at different concentrations (10, 50, and 100 g/kg) in the
discharge printing paste.

It’s clear from the data in
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Table 10 that the mixture realized a high degree of whiteness when using H>O» at a
concentration of 100 g/kg and 250 g/kg of taro corms extract (the optimum concentration),
and the samples that were printed using this mixture is shown in Figure 19. On comparing
the addition of H2O> alone to the printing paste and the addition of the mixture, it was found
that using this oxidizing agent alone gives a slightly higher whiteness degree than the mixture;
however, the original sample that was printed with only taro corms extract at optimum
concentration gave the highest degree of WI, but the difference between them in terms of the
degree of whiteness and discharge rate wasn’t high.
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Table 10 explained that the whiteness degree of cotton samples dyed with Ficus
leaves extract and printed with the previous mixture increased when the concentration of H,O»
increased in the mixture from (1% to 10%), so it is concluded that the best discharge effect
was obtained at a ratio of 100 g/kg H2O2: 300 g/kg taro corms extract as shown in discharge
printed sample in Figure 19. The whiteness degree of the sample that was printed using only
H>0; was higher than the original sample that was printed using only taro corm extract, and
also slightly higher than the mixed samples.
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Table 10: Effect of mixing H2O2 with taro corms extract on discharge rate of cotton fabrics
dyed with different natural dye extracts

Fabric Natural Itzl(r); : 5 tf;i;lt.h DecreasingW?;:le;esstncreasingYegﬁ;gessDecreasing CIE Lab system
dye C(()%n)ls (K/S) in K/S (%) (WI) in WI (%) (YD) in YI (%)
Blank - - > ;585; * - 4065 Si - L a b
Dyed material zf ' - _2;321 - 42.-1(1)1;i - 66.46 | 9.89 [15.95
0.21
0:25 16?125‘: 31.67 1?;5; L)) Zig‘;i 37.96 |[81.19] 4.81 |12.51
15:0 16?1751' 30.38 '1??;1 41.69 29;_1;3 1 2714 7862|407 | 016
g‘t‘::; 1:25 26.11771' 22.77 ‘12:221 38.73 22‘_2131i 3020 |75.49]5.79 {20.09
5:25 2(.)?11; 24.91 '161'_0231' 40.97 zi.gi 37.63 |76.12] 4.01 | 7.64
cotton 10:25 2(.)(.)1661 26.69 'ﬁ’:i;’i 4127 251';2* 3778|7650 4 | 8.90
Dyed material 3045 6i _zi:izi 382;?51- 61.92 |15.13 |12.04
0:30 26?;161 40.84 '1‘?224‘ 31.18 312'.2? 16.54 |76.58 | 9.64 | 8.30
15:0 16§1331 52.70 '102.5321 56.74 2(:51..;21 31.30 [80.46 | 8.87 [11.80
ezg:zt 1:30 2;1261 38.52 -13.234; 30.83 32‘2@’: 9.44 7023 [10.17|11.21
5:30 16?;‘51 43.74 '1i’:32i 50.88 2;'117i 2392|7227 9.02 |12.23
10:30 1:3; 50.99 '%;Qi 55.17 Zé'f)zi 28.81 [77.74|9.20 [15.25

*Printing condition: The cotton fabric was printed with a mixture of taro corms and H,O, at different
concentrations of H,O, (1, 5, 10, and 15 %) at optimum concentration of taro corms (250 g/kg for Psidium
guava leaves and 300 g/kg for Ficus leaves) at pH 5 for both natural extract, at 25°C for 180 min in Psidium
guava leaves, and at 80°C for 60 min in Ficus leaves.

(@) (b) () (d) ©
Figure 19: Effect of mixing H>O, with taro corms extract on the discharge rate of cotton
fabrics
(a) blank fabric (b) Discharged Guava dyed fabric (c) Guava dyed fabric

(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric
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Table 11 As the amount of H>O> in the printing paste increases, the degree of color
removal also increases. This means that the mixture has the highest degree of whiteness when
H>0:> is added at a concentration of 100 g/kg. The samples printed at the optimum mixed ratio
are shown in Figure 20. On comparing the discharge effect of taro corms extract as a bio-
oxidizing agent with H,O; as a commercial oxidizing agent on wool samples dyed with
Psidium guava leaves extract and printed with them, it was found that the discharge level in
the case of using only taro corms extract at optimum conditions was higher than that obtained
when using only H>O- at the same conditions, and the mixture at the concentration mentioned
above gives the greatest effect on the degree of whiteness.

It’s obvious from the data in
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Table 11 that the whiteness degree of wool samples dyed with Ficus leaves extract
and printed with the mixture of H>O> and taro corms extract increased gradually by increasing
the H>O; ratio from 1 to 10%, and Figure 20 presented the wool sample that was printed at
optimum mixed ratio, while the whiteness degree for the original sample that was printed with
only taro corms extract was higher than the mixed sample at ratio (1%) but lower than the
two other ratios, which means that the idea of mixing H2O> with enzymatic extract was
effective. Whereas the sample that was printed with only H>O; reached the highest discharge
level due to the strength and effectiveness of hydrogen peroxide as a chemical oxidant.
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Table 11 presented the results for the use of H>O> alone or mixed with taro corm
extract in discharge paste and the effect of the mixture on the discharge rate of wool samples
dyed with eggplant skin extract. From these data, we found that the increasing percent in WI
increased gradually by increasing the concentration of H20; in the printing paste, which
means that the best whiteness degree was achieved when the dyed sample was printed with
(100:100 g/kg H20,: taro corms extract), as shown in Figure 20, while the whiteness degree
for the sample that was printed with only H>O> was higher than that mixed with (10:100 g/kg
H>0;: taro corms) but lower than the two other mixed ratios; however, the whiteness degree
for the original sample, which was printed with only 100 g/kg taro corms extract was lower
than the all mixed samples, which proves the effectiveness of mixing on increasing the
discharge rate.
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Table 11 explained the effect of mixing H>O> with taro corms extract on the
discharge rate of wool samples dyed with red cabbage leaves extract, and it was observed that
the discharge rate increased gradually by increasing the concentration of H2O> in the printing
paste as mentioned in the previous samples and, as a result, the whiteness index increased,
but the whiteness degree for the sample that was printed using only H>O> was lower than all
mixed samples, whereas the original sample that was printed with only 200 g/kg taro corms
extract showed a lower discharge effect than that printed with H,O; pure and also than the
other mixed samples. This proves that mixing these discharge substances led to a greater
enhancement of the whiteness degree than using each of them alone in the printing paste.
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Table 11: Effect of mixing H>O> with taro corms extract on discharge rate of wool fabrics
dyed with different natural dye extracts

H:0:2:| Color Whitenes Y ellownes
. |Natural| taro |strengt|Decreasing| s index |Increasing in | s index |Decreasing
Fabric/ “qee lorms] h |inK/S(%)| (WD) | WI (%) (YD) |inYI(%) | CTE Lab system
(%) | (K/S)
- 18.68 + 16.43 +
Blank - 14 - 123 - L a b
. - - - 51.15| 6.93 [27.25
Dyed material 2i4 -171.44 78.07 +
- +
197 +12.77 5.82
0:15 1124 % 5745 |-141.76 17.31 67.97+ | 1293 [59.52]6.34 [27.34
’ 0.84 +10.56 5.07
02.48 -151.01 67.74 + 57.45]7.60 [27.03
15:0 [ 1487 | e 11.91 5 05 13.24
Guava |, [17.07 -151.63 70.87 +
extract | 1.28 | 3537 |+11.29 11.55 5.28 922 |55.47[5.89 |26.52
5.5 1303 -145.37 68.69 +
’ 098 | 5065 |+10.83 15.20 5.12 12.01  [55.71] 5.96 |25.64
8.75 -138.35 62.51 + 63.67| 3.50 [31.75
10:15° 0L 7 66.87 | 0T 19.30 166 19.93
Dved material 12.14 | 12.13+ |-14320 | -142.97+ | 80.36 | 80.24 + [49.03|17.73]22.93
yed materia 0.91 10.65 5.98
8.23+| 3215 |[-105.46 74.54 +
:1 4.48(14.13]18.2
0:15 | 0 62 +7.86 26.24 5.56 7.09 o448 31828
15:0 |3:32% 72.56  |-87.19 39.01 63.2 + 21.25 |58.88|4.22 |6.16
7 10.25 6.5 4.71
wool | Ficus 1:15 9.02 + -107.89 74.77 +
extract | 068 | 2564 |+8.04 24.54 5.57 6.81  [55.02{15.02]20.27
55 |752¢t -98.53 + 73.79 %
’ 0.56 | 37.99 7.34 31.09 5.5 8.04 |57.35[14.43[23.61
7.32+ -96.97 + 72.47 + 58.50(15.08(23.11
10:15|° "L 39.64 7 32.18 e 4 9.68
13.15+ | -51.48 32.01+
Dyed material| 13.17 -51.4+3.83 | 32.06
y ! 0.98 239 |s51.8]2.91]9.74
10.014 2394 [-4537+ 11.74 2951+ | 7.82 (6342
0:10 " oo 338 . 5.25 [13.53
150 [263% -32.73 ¢ 21.92 + 74.29(4.03 [20.39
71042 | 5726 2.44 36.33 1.64 31.53
Egegplan | . |6-48% 50.74 |-33.75+ 34.34 21.94+ | 3147 [59.59]8.00 |17.28
tskin | 0.49 2.52 1.64
extract 5:10 538+ 59.16 [-28.71+ 44.14 18.78 + | 4132 [60.16|7.80 [17.44
’ 0.4 2.14 1.4
10:10/455 % 6546 |-27.7+ 46.12 18.28+ | 4291 [61.70{7.49 [17.48
71 0.34 2.07 1.37
| 791 -61.34 4725 | 47.18+ |52.14|7.33|9.88
Dyed material 7.9+£0.59 -61.25+4.56 357
0:20 (5.95 + -45.68 + 30.49 +
10.45(13.29
0.45 | 24385 3.41 25.42 2.27 35.39  [64.99
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15:0 |3.76 £| 39.80 -29.1+ 36.20 29.96 £ 36.51 66.40(7.49 [21.65
0.28 2.17 2.24
1:20 |4.67 + 41.02 |-38.83 + 36.60 28.39 69.66( 6.66 | 9.41
cagl(iggc 0.35 2.9 2.12 39.84
extract | 5320 (4421 4418 35514 4203 |26.15% 7241] 6.67 | 8.75
0.33 2.65 195 | 44.58
10:220(431+| 4556 [3433+] 4395 [25.68+ 73.41(5.81 [8.45
0.33 2.56 1.92 45.57

*Printing condition: The wool fabric was printed with a mixture of taro corms and H»O; at different
concentrations of HO» (1, 5, 10, and 15%) and optimum concentration of taro corms (150 g/kg for both Psidium
guava leaves and Ficus leaves, 100 g/kg for eggplant skin and 200 g/kg for red cabbage leaves) at pH 3 for both
natural extract, at 25°C for 180 min in Psidium guava leaves, at 80°C for 60 min in Ficus leaves, at 25°C for
120 min for eggplant skin, and at 0°C for 30 min in red cabbage leaves.

(a)

(f) (2)

(b) © (d) (e) (h) )
Figure 20: Effect of mixing H>O> with taro corms extract on the discharge rate of wool
fabric
(a) blank fabric
(b) Discharged Guava dyed fabric (c) Guava-dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric
(f) Discharged Eggplant skin-dyed fabric (g) Eggplant skin-dyed fabric
(h) Discharged Red cabbage dyed fabric (i) Red cabbage dyed fabric

3.3.2.2. Effect of mixing glucose with taro corm extract

Any sugar is only characterized as a reducing sugar if it contains an open-chain form
with an aldehyde group or a free hemiacetal group, like L or D glucose. [114]

In the reduction of natural colors, glucose was effectively used as a reducing sugar
and Figure 21 explains Oxidation of glucose by oxidative enzymes. A glucose aldehyde
group can be converted to carboxylic acid through an enzymatic oxidation process, which is
then able to reduce the phenolic and flavonoid compounds in natural dyes. [115]

OH (=)H O polyphenol oxidase or OH OH (0]
H peroxidase enzymes 5

HO ~——— = HO

H H H O

4+ 2H,0 4 2e-

Ol
jan)

OH OH OH
Glucose Gluconate form
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Figure 21 Oxidation of glucose by oxidative enzymes

The discharge printed regions using taro corms extract have a lower K/S than the
ground shade, and this natural extract couldn’t be able to remove all natural colors to obtain
completely white discharge printing, so it is suggested that a bio-reducing agent called
glucose can be mixed with the optimal concentration of taro corm extract to investigate the
suitability of this mixture to discharge printing.

To achieve the aim of this process, it is supposed to prepare two different printing
pastes: one that contains the optimal concentration of taro corms, and the other that contains
glucose at the usual concentration. The other three mixed pastes were also prepared,
containing taro corm extract and 10, 50, and 100 g/kg glucose. The cotton and wool samples
were printed with these printing pastes, then dried and washed.

As illustrated in Table 12. It was found that the samples printed by a mixture of
glucose and taro corms extract achieved a high whiteness degree by increasing the glucose
concentration from 10 to 100 g/kg in the mixture, and the sample presented in Figure 22,
showed the discharge effect obtained when using the optimum mixed ratio. It was found from
Table 12 in the case of Psidium guava leaves extract, the best whiteness degree resulted from
the mixture at a concentration of 100 g/kg glucose and 250 g/kg taro corms, which was lower
than that obtained when using glucose alone in printing paste. The original sample that was
printed by using only taro corms extract at optimum conditions was slightly lower than that
printed by using only glucose at the common concentration.

When comparing the discharge effect of taro corms extract and glucose on cotton
samples dyed with Ficus leaves, as in Table 12. It was found that the best discharge level
could be obtained when using taro corms extract at the optimum conditions mentioned
previously, while the discharge effect resulting from the use of glucose alone was weak. It
was also found that an increase of glucose ratio from 1 to 5 to 10% in the mixture led to a
gradual increase in the whiteness index, but the original sample that was printed with taro
corms was still the best one, and the difference between it and the mixed samples is slight.

Table 12: Effect of mixing glucose with taro corms extract on discharge rate of cotton
fabrics dyed with different natural dye extracts.

Glucose:| Color Whiteness| Yellowness
. Natural| taro ptrengthDecreasing degree Increasing index Decreasing
Fabric " gve | corms | (K/S) in K/S (%) (WI) nWI(%) (YD) |inYI(%)| CTELab system
(%)
- 51.59 + 4,62 +
Blank - - - L
an 3.85 0.35 a | b
2.81 - - - 66.46 | 9.89 [15.95
. 27.16 4 40.44 +
Dyed material * b 03 3.02
0.21 ' '
192+ | 31.67 |-15.61+| 4252 (27414 81.191 4.81 |12.51
cotton 0:25 0.15 1.17 2.05 30.90
1.83+ -11.33 £ 25.09 £ 37.96
15:0 34.87 58.29
Guava 0.14 0.85 1.87 72.00| 6.04 [10.72
extract 1:25 2.08+| 2597 ]-20.58+| 2420 | 29.82+ 26.28 [73.61|5.1519.29
) 0.16 1.54 2.22
28.82 |-17.94+| 3395 | 27.38% 32.30 (74.30] 5.03 | 8.29
: +
5:25 2+0.15 134 204
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10:25 1.99+ | 29.18 [-17.86+| 34.24 27.35+ 32.38 |[67.6411.21(20.47
) 0.15 1.33 2.04
. 345+ -28.43 + 38.25+
Dyed material 0.26 212 285 61.92 |15.13 |112.04
2.04 -19.56 + 3192 +
0:30 31.18 16.54
0.16 40.84 1.46 2.38 76.58 1 9.64 | 8.30
235+ -24.55 + 36.73
15:0 018 31.85 183 13.65 274 3.98 64.92112.95]13.73
Ficus 1:30 22+ -20.34 + 35.62 + 6.88 70.171 9.61 |10.49
extract| 0.17 36.20 1.52 28.44 2.66
5:30 2.07 -19.69 34.85+ 8.89 68.67110.94 113.46
) 0.16 | 39.97 1.47 30.72 2.6
2.06 = -19.67 £ 34.84
10:30 40.26 30.79 8.91
0.16 1.47 2.6 71.5619.79 | 11.9

*Printing condition: The cotton fabric was printed with a mixture of taro corms and glucose at different
concentrations of glucose (1, 5, 10, and 15%) and optimum concentration of taro corms (250 g/kg for Psidium
guava leaves and 300 g/kg for Ficus leaves) at pH 5 for both natural extract, at 25°C for 180 min in Psidium
guava leaves, and at 80°C for 60 min in Ficus leaves.

(a) (b) (© (d) (e)
Figure 22: Effect of mixing glucose with taro corms extract on the discharge rate of cotton
fabrics

(a) blank fabric (b) Discharged Guava dyed fabric (c) Guava dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric

As demonstrated in Table 13 The mixture of glucose and taro corms extract realized
a high degree of whiteness when using glucose at a concentration of 10% mixed with the
optimum concentration of taro corms extract and used to print the wool samples dyed with
both natural plant extracts (Psidium guava and Ficus leaves). When comparing the use of
glucose alone in the printing paste with its addition to the mixture, it was clear that the mixture
had a greater effect on the degree of whiteness compared with glucose alone. While the
original sample printed with taro corms extract only represents a higher whiteness index than
the glucose printed sample, both are lower than the effect of the mixture on whiteness degree
in the case of Ficus leaves; however, in the samples dyed with Psidium guava leaves, it was
found that the original sample printed with only taro corms extract represents the best
discharge effect and a higher degree of whiteness than the sample printed with only glucose.

From Table 13, which presented the effect of adding glucose as a bio-reducing agent
to discharge paste that is used to print wool samples dyed with eggplant skin extract and red
cabbage leaves extract, we found that the discharge rate decreased gradually by increasing
the concentration of glucose in the printing paste, and the maximum whiteness degree was
obtained when using 10 g/kg glucose mixed with the optimum concentration of taro corms
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and the best discharge printed samples at optimum mixed ratio are shown in Figure 23. This
means that increasing the glucose amount causes the opposite effect and reduces the discharge
rate instead of increasing it. While the original samples that were dyed with both natural
extracts and printed with taro corms extract without any addition were higher than the sample
that was printed with only 150 g/kg glucose; however, the discharge rate of these original
samples was lower than the samples printed with the mixture of glucose and taro corms
extract, which proves that the mixture achieved the best discharge effect on these samples.

Table 13: Effect of mixing glucose with taro corms on the discharge rate of wool fabrics
dyed with different natural dye extracts

Fabric| Natural [ (Eel PODY Decreasing | U nereasing VRN Decreasing g1 o e
dye | o kg /S (%) qoo fnWI(%) T lin YI(%)
- 16.43 + 18.68 +
Blank - 123 - 14 - L a b
26.4 - - - [51.15[ 6.93 (2725
Dyed material | % 1171.44 + 78.07 +
o7 12.77 5.82
0:15 |1124+ 5745 [141.764 1731 | 67.97+ | 1293 |[5952] 634 [27.34
0.84 10.56 5.07
15:0 2421+ 832 [162.184 539 |7533+| 350 |51.70|5.89 [26.78
1.81 12.08 5.61
Guava | 1:15 [12.76+ 51.67 [151.98+ 7063+ | 953 |53.01]6.17 |25.73
extract 0.96 11.32 11.35 5.26
5:15 [12.61+ 5224 [149.48+ 7025+ | 10.01 [54.94]5.81 [25.47
0.94 1114 | 1280 | 5.24
10:15 [148.35 + 69.92 +
12£09 5458 [T 007 1346 | TL0 1044 1o boas
. [12.13 ¢ [142.97 + 80.24 + 49.03[17.73[22.93
Dyed material 0.91 10.65 5 08
823+ | 32.15 |[105.46+4 2624 | 7441+ | 725 |54.48[14.13[18.28
wool 015 | 562 7.86 5.55
854+ | 2960 [135.884 496 |[7594+| 535 [5270]14.19]21.46
15:0 1 64 10.12 5.66
Fiews | | (693¢| 4285 [104774 2672 [7274%
extract 0.52 7.81 5.42 946 |57.03]15.65|24.42
sqs |478%] 6064 [101.174 2924 [ 716+
0.36 7.54 534 | 1076 [59.30|14.54]|22.28
4.45 + 96.73 | 3235 | 64.41+
10:05 1634 | 83 | 721 4.8 1972 o 641533 27,20
Dyed material |15 % 514+ 32.01+
0.98 3.83 2.39 51.8 | 2.91 | 9.74
10.01+| 2394 |4537+| 1174 | 2951+ | 782 |63.42
0:10 | B g, 525 |13.53
+ - + +
Eggl’_lant 15:0 1%)..782_ 1089 42:?2_ 731 22..212_ 770 57.11| 8.09 |18.20
ei't‘;:ct Lo |9:36%] 2888 [43.71:[ 1496 [24.31x [ 2407 [5994] 7.9 [19.08
0.7 3.26 1.81
sq0 |943%[ 2834 [|-44.89:] 1267 [ 2595+ [ 1893 [59.84] 784 1888
0.71 3.35 1.94
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10.78+| 18.10 |-45.99+| 1053 | 2954+ | 773 [59.59]7.92 |18.99
10:10 175 ¢4 3.43 2.2
| 79% 61.25 + 47.18 + 52.14| 7.33 | 9.88
Dyed material | ) . 4.56 3.52
5.95 + 45.68 30.49 +
0:20 0.45 | 24.85 3.41 25.42 2.27 3539 |64.99 104511329
6.72 + 5227+ 38.67 + 55.82[10.22[15.82
15:0 [ 70CF ] as00 |DU0T ] e | TO0T | 1804
Red 514+ 390+ | 3486 | 272+ 66.6 | 8.75 | 16.90
cabbage| 1:20 | 55 | 1o 0c | 298 203 | 4235
extract . .
542+ 41.77+| 3181 |27.75+ 6596 9.18 | 16.66
320 1041 | 3155 | 311 207 | 41.19
1020 | 637 507+ | 1722 | 3256¢ 64.78] 9.55 |14.52
0.48 19.42 3.78 2.43 30.99

*Printing condition: The wool fabric was printed with a mixture of taro corms and glucose at different
concentrations of glucose (1, 5, 10, and 15%) and optimum concentration of taro corms (150 g/kg for both
Psidium guava leaves and Ficus leaves, 100 g/kg for eggplant skin and 200 g/kg for red cabbage leaves) at pH
3 for both natural extract, at 25°C for 180 min in Psidium guava, at 80°C for 60 min in Ficus leaves, at 25°C
for 120 min for eggplant skin, and at 0°C for 30 min in red cabbage leaves.

(b) () (d) (e) () (€9 (h) @
Figure 23: Effect of mixing glucose with taro corms extract on the discharge rate of wool
fabric
(a) blank fabric
(b) Discharged Guava dyed fabric (c) Guava-dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric
(f) Discharged Eggplant skin-dyed fabric (g) Eggplant skin-dyed fabric
(h) Discharged Red cabbage dyed fabric (i) Red cabbage dyed fabric

3.3.2.3. Effect of mixing brewer’s yeast with taro corms extract

Previous studies have shown that brewer's yeast may be successfully utilized in the
discharge printing of natural materials dyed with natural dyes rather than toxic and unfriendly
reducing or oxidizing agents. From this perspective, it was suggested that brewer's yeast
(which is considered an excellent source of enzymes) could be combined with taro corm
extract to investigate the effect of this mixture on the degree of whiteness.
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The active yeast suspension was created as follows: 450 g dry weight of brewer's
yeast was pasted with 150 g sugar, and then one liter of warm water (at 40°C) was added to
the paste of yeast paste while stirring for some time until the yeast was brewed. [116] Then
the solution was mixed with the optimum concentration of taro corm extract, and then the
discharge paste was applied to the cotton and wool samples at optimum printing conditions
according to the natural dye used.

When comparing the effect of brewer’s yeast on discharge rate with the bio-oxidizing
agent (taro corms extract) and the effect of mixing them on the whiteness degree, as presented
in Table 14, it was found that the increasing percent in WI increased by increasing the
brewer’s yeast concentration in the mixture with taro corms extract from (1 to 10%), so it was
concluded that the best-mixed ratio was 100g/kg brewer’s yeast: optimum concentration of
taro corms extract and the discharge printed samples at optimum mixed ratio are shown in
Figure 24 .

While it was found that the dyed samples that were printed with only taro corms
extract reached a higher discharge level than those samples that were printed with the mixture,
this original sample is also higher than the sample that was printed with only brewer’s yeast
in the case of Psidium guava leaves extract but lower than this one in the case of Ficus leaves
extract. We can conclude that mixing brewer’s yeast with taro corms extract did not achieve
the desired result in the case of cotton dyed with both natural dyes.

Table 14: Effect of mixing brewer's yeast with taro corms on discharge rate of cotton
fabrics dyed with different natural dye extracts

Brewer’s|
Natural yeast: | Color Decreasingwhiteness ncreasingYellownessDecreasing
Fabric taro strength, index | index |, CIE Lab system
dye corms | (K/S) in K/S (%) (WI) in WI (%) (YD) in YI (%)
(%)
51.59 + 4,62 +
Blank - - 385 - 035 - L a b
2.81
- + +
Dyed material + - 27.16 - 40.44 - 66.46| 9.89 [15.95
2.03 3.02
0.21
192+ -15.61 + 25.09+
0:25 015 31.67 117 42.52 187 37.96 |81.19] 4.81 [12.51
23+ -20.64 33.06 =
15:0 018 18.14 154 23.98 247 18.26 |71.80( 8.36 [14.62
Guava 197+ -18.98 + 328+
cotton |extract 1:25 015 29.89 1.42 30.09 5 45 1890 [68.97( 9.17 [17.30
1.96 + -17.13 £ 30.07 =
5:25 015 30.24 128 36.93 224 25.66 |71.78| 8.06 [13.72
1.94 + -16.12 28.16
10:25 015 30.96 12 40.64 21 30.38 |70.75| 8.29 [ 14.96
. 345+ -28.43 38.25+
Dyed material 0.26 212 7 85 61.92(15.13(12.04
2.04 + -19.56 + 3192+
: 40.84 1.1 16.54 . .64 | 8.
Ficus 0:30 016 0.8 146 31.18 538 6.5 76.58| 9.64 | 8.30
extract 099+ -5.23+ 259+
15:0 0.08 71.29 0.39 81.62 193 32.28 [82.39] 5.38 | 5.35
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3.22 ¢ -26.29 37.67

1:30 0.24 6.621 1.96 7.50 )81 1.50 166.35(10.6312.56
279+ -23.29+ 36.12 +

5:30 021 18.85 174 18.07 269 5.57 169.65(9.41 |11.84
279+ -22.51+ 35.17 +

10:30 021 19.00 168 20.81 262 8.05 [68.49]9.69 [12.79

*Printing condition: The cotton fabric was printed with a mixture of taro corms and brewer's yeast at different
concentrations of brewer's yeast (1, 5, 10, and 15%) and optimum concentration of taro corms (250 g/kg for
Psidium guava leaves and 300 g/kg for Ficus leaves) at pH 5 for both natural extract, at 25°C for 180 min in
Psidium guava leaves, and at 80°C for 60 min in Ficus leaves.

(a) (b) (c) (d) (e)
Figure 24: Effect of mixing brewer's yeast with taro corms extract on the discharge rate of
cotton fabrics

(a) blank fabric (b) Discharged Guava dyed fabric (c) Guava dyed fabric
(d) Discharged Ficus dyed fabric (e) Ficus dyed fabric

Table 15 explained that the whiteness degree of wool samples dyed with Psidium
guava leaves extract increased gradually by increasing the brewer’s yeast concentration mixed
with taro corms extract in discharge paste until it reached (10 %: 15% brewer’s yeast: taro
corms extract); this ratio achieved a higher discharge level than others, and Figure 25 showed
the discharge printed sample at this optimum ratio. When comparing the sample that was
printed with only taro corms extract with that printed with only brewer’s yeast, it was found
that the original sample that was printed with taro extract achieved a whiteness degree higher
than the other sample and also higher than all mixed samples, which proved that taro corms
extract was effective when it was used alone without any addition.

It’s clear from Table 15 that, in the case of wool samples dyed with Ficus leaves
extract, the mixture of brewer's yeast and taro corms produced a high degree of whiteness
when brewer's yeast was used at a lower concentration of 1% (10:150 g/kg brewer's yeast:
taro corms extract) and the printed sample is presented in Figure 25. As brewer's yeast
concentration is increased, there is a progressive decrease in WI. When comparing the
addition of brewer's yeast alone to the printing paste with the original sample that was printed
using taro corms extract at optimal concentration, it was found that the whiteness degree of
the brewer's yeast printed sample was lower than that of the sample printed with only taro
corms extract, which indicates that the oxidizing enzymes in taro corms are more active than
those in brewer's yeast.

To investigate the effect of mixing brewer’s yeast with taro corms extract on the
whiteness degree of wool samples dyed with eggplant skin extract. Table 15 demonstrated
that the whiteness degree increased gradually by increasing the amount of brewer’s yeast in
discharge paste, and the best discharge effect was obtained when the sample was printed using
a mixture of (10:10% brewer’s yeast: taro corms extract), as shown in Figure 25. While the
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whiteness degree for the original sample that was printed using only taro corms extract was
lower than the mixed sample at a ratio (10%), but higher than the sample that was printed
with only brewer’s yeast.

In the case of samples dyed with red cabbage leaves extract, Table 15 clarified that
the whiteness degree of the printed samples decreased by increasing the amount of brewer’s
yeast in the printing paste, and the best mixing ratio was (1: 20 % brewer’s yeast: taro corms
extract) as shown in the samples presented in Figure 25, which achieved the highest discharge
of the dye, and its removal was higher than that printed with only taro corm extract or only
brewer’s yeast.

Table 15: Effect of mixing brewer's yeast with taro corms on discharge rate of wool fabrics
dyed with different natural dye extracts

Brciwer Color | Decrea | Whiten | Increas | Yellow
Natu s .. .. Decrea
Fab ral east: streng | singin ess ing in ness sing in CIE Lab system
ric dye )'Il“aro. th K/S index WI index YlI (g(;o ) ¥
corms | KS) (%) (WD) (%) (YD
16.43 18.68
Blank ] - +123 | +1.4 - L ? b
) 264+ 171.44 78.07
Dyed material 1.97 - + - +582 - 51.15 6.93 | 27.25
12.77
0:15 11.24 57.45 141.76 17.31 67.06 14.11 59.52 6.34 | 27.34
+0.84 + 5
10.56
15.41 143.71 67.97
15:0 +115 41.65 + 16.17 +507 12.93 56.94 5.99 | 26.07
10.71
Guav -
a
+
W00 | extra 1:15 208¢ 21.23 158.29 7.67 74.02 5.19 56.90 7.20 | 25.43
1 ct 1.55 + +5.52
11.79
- +
5:15 14.99 4324 | 143.64 | 16.21 69+ 11.61 57.29 5.89 | 26.37
+1.12 5.14
+10.7
13.45 141.96 68.67
10:15 +101 49.06 + 17.19 +512 12.04 57.46 5.92 | 26.16
10.57
; 12.13 142.97 80.24
Dyed material +091 + +508 49.03 17.73 | 22.93
10.65
Ficus -
+
extra 0:15 8.23% 32.15 105.46 | 26.24 7441 7.25 54.48 14.13 | 18.28
0.62 +5.55
ct +7.86
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. -
15:0 9-52% 21.53 | 132.44 7.37 77.74 3.11 54.83 15.27 | 20.94
0.71 +5.79
+9.87
6.45 + -99.42 65.41
1:15 0.49 46.80 +741 30.46 +4388 18.48 63.37 | 12.78 | 25.61
7.1+ -99.95 65.75
5:15 053 41.45 +745 30.09 +49 18.05 63.35 13.32 | 26.66
. -
10:15 782 35.69 | 104.08 | 27.21 65.94 17.82 63.31 13.03 | 26.60
0.59 +491
+7.75
. 13.15 514+ 32.01
Dyed material +008 3383 +239 51.8 291 9.74
10.01 -45.37 29.51
0:10 +075 23.94 +338 11.74 +29 7.82 63.42 525 | 13.53
11.32 -46.52 30.71
15: 14. . 4. . 2. .
Eggpl 5:0 +0.85 00 +3.47 9:50 +2.29 08 57.95 7 900
ant + _
skin 1:10 9.84 25.23 42.48 17.37 28.85 9.88 64.80 5.89 | 14.86
0.74 +3.17 +2.15
extra
ct . 9.13 + -41.25 27.55
5:10 0.68 30.62 +308 19.76 +7.06 13.94 65.79 5.31 15.33
9.02+ -41.14 27.44
10:10 0.68 31.46 +307 19.97 +2.05 14.28 66.43 5.99 | 16.67
. 79+ -61.25 47.18
Dyed material 0.59 +456 +357 52.14 7.33 9.88
595+ -45.68 30.49
0:20 045 24.85 +341 25.42 +227 35.39 64.99 | 1045 | 13.29
15:0 5.07 3597 -42.98 | 29.84 30.33 35.73 56.75 10.25 | 15.76
Red ' 0.38 +3.2 +2.26
cabb 4.94+ -40.04 26.34
age 1:20 37.61 34.63 44.17 66.46 9.21 | 14.44
0.37 +2.99 +1.97
extra
ct . 571+ -43.94 31.56
5:20 043 27.88 +378 28.26 +235 33.11 65.56 9.26 | 14.10
584+ -45.22 32.47
10:20 0.44 26.24 +337 26.17 +2.42 31.18 65.47 9.46 | 14.61

*Printing condition: The wool fabric was printed with a mixture of taro corms and brewer's yeast at different
concentrations of brewer yeast (1, 5, 10, and 15%) and optimum concentration of taro corms (150 g/kg for both
Psidium guava leaves and Ficus leaves, 100 g/kg for eggplant skin and 200 g/kg for red cabbage leaves) at pH
3 for both natural extract, at 25°C for 180 min in Psidium guava, at 80°C for 60 min in Ficus leaves, at 25°C
for 120 min for eggplant skin, and at 0°C for 30 min in red cabbage leaves.

(a)
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1152 Figure 25: Effect of mixing brewer's yeast with taro corms extract on the discharge rate of
1153 wool fabric
1154 (a) blank fabric
1155 (b) Discharged Guava dyed fabric (c) Guava-dyed fabric
1156 (d) Discharged Ficus dyed fabric (e) Ficus dyed fabric
1157 (f) Discharged Eggplant skin-dyed fabric (g) Eggplant skin-dyed fabric
1158 (h) Discharged Red cabbage dyed fabric (i) Red cabbage dyed fabric
1159
1160  3.3.3.  Characterization of naturally dyed fabrics
1161  3.3.3.1. Fastness properties
1162 Both natural fabrics (cotton and wool) were dyed with various natural plant extracts
1163 (Psidium guava leaves extract and Ficus leaves extract) for cotton and wool fabrics (eggplant
1164  skin extract and red cabbage extract) for only wool fabrics, then they were measured for color
1165  strength (K/S) and various fastness properties such as washing, rubbing, perspiration, and
1166 light fastness, and the data were listed in
1167 Table 16.
1168 The light fastness of samples dyed with various natural plant extracts ranged from
1169  good to very good (4-5), which means that the light doesn’t have a huge negative effect on
1170  the color of dyed samples. The wash ability of all naturally dyed textiles, the color fastness
1171  to perspiration (acidic and alkali) in both alteration and staining and the color fastness to
1172 rubbing in both wet and dry conditions are ranged from (3-4), which means good except for
1173 the cotton sample that was dyed with Psidium guava leaves extract, whose color fastness
1174  varied from (2-3) poor to good.
1175
1176~ Table 16: Color strength (K/S) and fastness properties of naturally dyed fabrics using
1177 various natural plant extracts
Fastness Properties
. . . Perspiration
Dye type Fabric | K/S Washing | Rubbing Acidic Alkaline | Light
Alt. | St. | Dry | wet | Alt. | St. | Alt. | St.
26.4 +
Psidium wool 197 4 4 3-4 4 34 134 | 34 |3 6
Ouva | coton | 2B 3 |23 3 23| 3 |23 |23 ]3| s
wool |1 4 | 4 |34 34|34 34| 4 | 4] 56
Ficus 3 45 "
cotton 0 5 6_ 4 3-4 | 34 4 |34 (34|34 | 3 6
. 13.15+
Eggplant skin wool 0.98 4 4 4 4 4 |34 4 4 5-6
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1179  3.3.4.  Characterization of discharge printed fabrics

1180 The mechanical and physical characteristics of discharge printed textiles, such as
1181 tensile strength, elongation at break, Young’s modulus, crease recovery angle, and surface
1182 roughness, have been examined, and the findings are explained in Table 17.

1183 As demonstrated in Table 17 The tensile strength, Young’s modulus, crease
1184  recovery angle, and surface roughness increased when the cotton sample was dyed with
1185 Psidium guava leaves, and these values became higher than those observed for the blank
1186 sample. However, when the dyed sample was printed with taro corm extract, it was found that
1187  tensile strength decreased up to 13.5%, and also elongation at break was reduced, which might
1188 be due to polyphenol oxidase and other oxidative enzymes that contribute to the total
1189 enzymatic hydrolysis of cellulose. We may have just begun to highlight the potential benefits
1190  and drawbacks of using several oxidative enzymes that led to simultaneous cellulose and
1191 lignin degradation. [242]

1192 While the tensile strength for the cotton sample that was only dyed with Ficus leaves
1193 extract and all wool samples that were dyed with all-natural plant extracts were lower than
1194  those of the blank sample, this indicates that the dyeing process led to cracking in some of
1195  the bonds present in the interfacial distances of the fibers, which facilitates the penetration of
1196  the dye molecules into the material and the completion of the dyeing process, and thus results
1197 1in aloss in weight and a decrease in tensile strength.

1198 Whereas tensile strength and elongation at break were superior in cotton samples that
1199 were dyed with Ficus leaves and printed with taro corms extract, the decreasing percent in
1200  tensile strength modified from 11.5% to 7%, which means that the tensile strength of the
1201 fabric increased after printing. The reason for this may due to the enzymatic treatment that
1202 led to an improvement in the crystallization of the fibers, and this may be due to the presence
1203 of some vital compounds in the taro corms extract in addition to oxidizing enzymes, and these
1204  compounds may be interacted with those compounds in Ficus leaves extract that led to the
1205 formation of a thin layer that envelops the fibers and increases their strength and decreasing
1206 their ability to lose weight.

1207 Tensile strength and Young’s modulus for the wool sample that was dyed with
1208  Psidium guava and printed with taro extract were stable and decreased. While the tensile
1209 strength and elongation at break for the wool sample that was dyed with Ficus leaves and
1210 printed with the previous extract were slightly decreased than the dyed one, this is evidence
1211 for the removal of highly packed cementing layers that lowered the crystallinity and strength
1212 of the fiber. [117] But the tensile strength, elongation at break, Young’s modulus, and surface
1213 roughness for wool samples that were dyed with eggplant skin and red cabbage leaves and
1214 printed with taro extract were higher than the dyed sample, and the reason for the increase
1215 was mentioned earlier.

1216 The surface roughness of most cotton and wool printed samples increased; this result
1217 implies that the enzyme treatment marginally increased the roughness of the fabric. The
1218  crease recovery angle is almost constant or increasing in all cotton and wool samples
1219 compared to the blank, which means that dyeing and printing processes with taro corm extract
1220  helped to form a layer on the surface of the material, which reduced its shrinkage and crease
1221 recovery.
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While comparing with the dyed samples, we found that the wool samples were
almost constant or slightly decreased, but the cotton samples were highly decreased because
cotton fabrics are most susceptible to crease formation since their ability to recover from the
applied deformation is the least. [118] The previous results revealed that the changes in
fabrics' mechanical behavior were within an acceptable range for ordinary cotton and wool
textiles.

We may conclude that discharge printing with chemical agents such as reducing
agents (e.g., sodium hydrosulfite) or oxidizing enzymes (e.g., peroxidase and polyphenol
oxidase) impacts the wash fastness and durability of the fabric in varying degrees based on
the method and chemicals used.

Traditional discharge agents typically weaken cellulosic fibers such as cotton by
extreme reducing conditions that break down the fiber integrity over time.[119] In contrast,
enzyme-aided discharge printing, and specifically oxidative enzyme, is less harsh on the
fabric structure. The enzymes target the dye molecules specifically but do not weaken the
fiber to any large extent, potentially leaving tensile strength intact compared to chemical
processes.[120]Traditional discharge methods can result in color reappearing or bleeding due
to incomplete breakdown of dyes or low fixation of dyes, enzyme-assisted processes have
been shown to exhibit improved wash fastness due to higher dye selectivity and cleaner
removal.

Table 17: Effect of discharge printing using taro corms extract on the physical and
mechanical properties of cotton and wool fabrics dyed with various natural plant

extracts
physical and mechanical properties
A
fabric na(;;:al oxidizing | Tensile dec;:ase Elongation | Young’s surface (vt;l:g+
agent strength . at break modulus
extract » tensile » | roughness | weft)
(N/mm?) strength (%) (kgf/mm*) ©)
(%)
blank 76.59 + ) 17.03 £ 83.19 + 16.3 + 195.69
5.71 1.27 6.2 1.22 +14.58
o i 79.05 3.20 15.98 = 101.34 17.17+ | 227.64
Psidium | WIROUL [ 5 g9 | = 1.19 7.55 128 | £16.95
cotton | oaves | tarocorm | 66.24% | | 1665+ | 864+ | 17.31% | 199.68
extract 4.94 1.24 6.44 1.29 +14.87
without 67.72 + 11.58 30.63 + 5351+ 1731+ | 223.64
Ficus 5.05 2.28 3.99 1.29 *+ 16.66
leaves tarocorm | 71.2% 703 31.28 + 531+ 17.19+ 209.67
extract 5.31 ' 2.33 3.96 1.28 +15.62
blank 60.09 + i 41.05+ 60.42 + 17.09+ | 221.65
4.48 3.06 4.5 1.28 +16.51
o h 53.18 + 4 41.27 + 45.65 + 17.22+ | 231.63
Pgsﬁﬂlj;n without | 5 gg | 1149 3.08 3.4 129 | +17.25
taro corm | 53.18 + 49.92 + 17.32+ | 229.63
wool | leaves | % et | 306 | 1149 372 [ 923%3 ] 199 | x171
without 53.15+ 11.54 446 + 3289+ 17.09+ | 223.64
Ficus 3.96 3.33 2.45 1.28 *+ 16.66
leaves | taro corm | 52.67 % 12.34 42,61+ 33.78 + 17.09+ | 229.63
extract 3.93 ' 3.18 2.52 1.28 +17.1




1244
1245

1246

1247
1248
1249
1250
1251
1252
1253
1254
1255

1256
1257
1258
1259
1260
1261
1262
1263
1264
1265

1266
1267
1268
1269
1270
1271

1272
1273
1274
1275
1276

1277

1278
1279

1280
1281
1282

without | 923%% | 150 39.27 + 2956+ | 17.21+ | 233.63
Eggplant 3.9 2.93 2.21 1.29 +17.4
skin | taro corm | 52.96 % 1186 46.6 + 39.13 + 17.33+ | 233.63
extract 3.95 ' 3.47 2.92 1.29 +17.4

Red without | 533% 10.96 44.6 + 3421+ | 17.09+ | 225.64
cabbage 3.99 3.33 2.55 1.28 +16.81
leaves | tarocorm | 57.83 % 375 44.6 + 37.46 + 17.4+ | 219.65
extract 4.31 3.33 2.79 1.3 +16.36

R: Roughness, CRA (W+F): average Crease Recovery Angle in warp and weft directions

3.4. Conclusion

Enzyme-based biotechnology has the potential to contribute to sustainability in the
textile sector through environmentally friendly procedures. Polyphenol oxidase (PPO) and
peroxidase (POD) enzymes extracted from taro corms were used to achieve biological
discharge printing on cotton and wool textiles, dyed with various natural plant extracts
instead of harmful chemicals. The enzyme extraction temperature was 25 °C, and the solute-
liquid ratio (1:4 (w/v)) at pH 5.0 after a treatment time of 5 min. The activity of oxidative
enzymes extracted from taro corms rises over time, with PPO peaking at 180 seconds at 420
nm. POD reaches its highest activity at 180 seconds, with the wavelength 436 measured. This
allows them to work as a discharge agent.

It was found that the discharge rates reached about 40-57% using the enzyme
extracted from taro corms at pH 3 for wool samples and pH 5 for cotton one. Mixing with
other reducing or oxidizing agents in different concentrations led to a higher discharge rate,
which reached 60-66%, and different color half-tones were obtained depending on the
difference in mixing ratio. It was also observed that the tensile strength of wool printed
samples was constant in the pesidium guava-dyed sample, while the tensile strength in the
remaining samples increased by 1-4%, except for the sample dyed with ficus leaves, which
decreased. While the tensile strength for cotton samples increased by 4% in the ficus dyed
sample and decreased by 13% in the pesidium guava-dyed sample, which is considered an
acceptable range.

We may concluded that taro corms enzyme extract led to obtaining color halftones
on the printed materials as a result of the partial discharge that occurred due to the biological
oxidation of the enzyme extract, which is considered a vital alternative to the toxic reducing
and oxidizing agents. Taro corms enzyme extract were unable to achieve 100% removal rates
on naturally dyed fabrics, but they were able to achieve colorhalf tones on printed fabrics as
a result of partial color removal.

Further studies should investigate immobilization techniques to improve reusability,
enhance enzyme stability, and reduce operational costs, making enzyme-based discharge
printing more viable for industrial applications. Exploring enzyme interactions with different
fabric types (cotton, silk, blends) and dye classes will help broaden the application scope and
tailor treatments to specific materials.

4. Ethical & Safety Considerations

When handling enzyme preparations, avoid inhaling aerosols and contacting skin or
eyes. Enzyme inhalation may cause an immunological response in sensitive individuals.

Repeat exposures over time may cause respiratory allergies. When enzymes are
breathed in the form of dust or aerosols, allergic antibodies may develop. Enzymes do not
cause food allergies or skin sensitization. Proteolytic enzymes may cause irritation to the
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skin and eyes. Enzymes can be utilized safely with proper labor practices, engineering
controls, and personal protection equipment.

Disposal is usually safe with minimal precautions, Heat the enzyme solution to 80-
90°C for 15-30 minutes to denature the proteins. For further denaturation, lower the pH to 4
or raise it to 10 (with dilute HCl or NaOH). You can safely eliminate the diluted, heat-
inactivated enzyme solution down the drain with sufficient flowing water.

This is a proposed strategy for commercializing sustainable discharge printing with taro corm
enzymes.
Commercialization Strategy:

1. Product Advancement:

- Enhance and optimize the enzyme extraction procedure from taro corms for industrial-
scale production.

- Formulate a standardized enzyme-based discharge printing paste

- Develop diverse product variations (e.g. concentrated liquid, powdered form) -
Perform comprehensive testing to guarantee uniform quality and performance

2. Manufacturing: - Establish an enzyme extraction and processing facility, preferably in
proximity to taro cultivation areas.

- Forge alliances with taro cultivators to ensure a consistent supply of raw materials -
Institute quality assurance protocols for enzyme manufacturing - Gradually enhance
production capacity in accordance with demand

3. Market Analysis and Positioning:

- - Identify eco-conscious textile producers and printing companies as major clientele -
Establish as a sustainable substitute for chemical discharge agents

- - Highlight advantages such as diminished environmental impact and enhanced worker
safety. - Execute market analysis to ascertain the most effective price plan.

4. Distribution & Sales: - Cultivate partnerships with textile chemical distributors and
suppliers

- Establish a direct sales staff to engage with major textile manufacturers

- Develop an e-commerce platform for smaller clients to facilitate online purchases

- Provide technical assistance and application help to clientele

5. Marketing & Promotion:

- Establish a brand centered on sustainability and environmental consciousness

- Participate in textile industry trade exhibitions to display products

- Disseminate case studies and technical data to enhance credibility

- Collaborate with organizations dedicated to sustainability for endorsements

6. Feasibility Assessment:
- Technical Feasibility:
1. The study establishes the technical feasibility of employing taro corm enzymes for
discharge printing.
ii. Additional optimization may be required to achieve consistent results at an
industrial scale.
iii. The stability and shelf-life of the enzyme must be evaluated.
- Operational Feasibility:
i. A dependable supply of taro corms must be ensured
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ii. Quality control measures are essential for uniform enzyme activity
iii. Technical assistance for clients is vital for adoption
7. SWOT Assessment:
- Strengths:
i. Environmentally sustainable alternative to chemical discharge agents
ii. Innovative, patented technology
iii. Conforms to industry trends favoring sustainable textile processing - Possibility
for elevated pricing
- Weaknesses:
1. Elevated initial production costs relative to known chemical alternatives
ii. Insufficient historical performance in industrial applications
iii. Dependence on the supply of agricultural raw materials
iv. Potential necessity for modifications to current printing methods for
implementation
- Opportunities:
1. Expanding market for eco-friendly textile chemicals
ii. Potential for diversification into more enzyme-driven textile applications
iii. Collaborations with prominent textile and fashion firms emphasizing
sustainability - Governmental incentives for eco-friendly technologies
- Threats:
1. Competition from alternative eco-friendly technologies in textile printing
1. Variability in taro crop yields influencing raw material availability
iii. Resistance to innovation from traditional textile manufacturers
iv. Regulatory modifications affecting enzyme production or utilization
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