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Abstract

Present study optimized the extraction of natural dyes from Ixora coccinea
Linn. (Rubiaceae) flowers to address the increasing environmental threats
posed by using synthetic dyes. This method employed Box-Behnken design
using response surface methodology to examine extraction factors like the
extraction temperature (40-80 °C), extraction time (2-4 hr) and solvent-to-
sample ratio (10-30 mL/g) to maximize the total monomeric anthocyanin
content. The statistical analysis demonstrated that extraction temperature
and solvent-to-sample ratio were the two main factors affecting the
anthocyanin yield (p < 0.0001). The study showed a statistically strong validity
with an adjusted R? of 0.9712 and a predicted R* of 0.9611, confirming
excellent predictive ability. The optimal extraction conditions were set at 80 °
C, 3 hr and 10 mL/g for maximum anthocyanin content of 66.67 mg c3gE/L.
Gas Chromatography-Mass Spectroscopy studies of the ethanolic extract
revealed a total of 38 phytochemical compounds including n-butyric acid 2-
ethylhexyl ester (33.55 %), D-mannitol (25.01 %) and dl-a-tocopherol (18.02
%) being prominent. This study concludes successful optimization of
extraction factors for I coccinea flower dye and makes it a sustainable
alternative over synthetic colorants having several industrial applications.

Keywords

GC-MS; Ixora coccinea; natural dye; optimization; response surface methodology;
total monomeric anthocyanin content

Introduction

Colors play a vital role in our routine life and representing different cultures
and feelings throughout the world. The colorants include both pigments and
dyes (1). Natural dyes extracted from plants are biodegradable, nontoxic and
do not harm the environment. In contrast, synthetic dyes that originate from
petroleum-based chemical products are harmful to the environment and thus
result in environmental pollution (2). The application of synthetic dyes has led
to significant problems for both health and the environment (3). Synthetic
dyes that are washed away are persistent in aquatic ecosystems because of
their greater stability. They tend to reduce the depth of light penetration in
water, thus interfering with the photosynthetic activity of small algae and
phytoplankton as well as lowering gas solubility, resulting in the loss of
aquatic ecosystems (4). As a consequence, there is an increasing awareness of
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the harmful effects associated with synthetic dyes, which
has led to a surge in demand for natural dyes that are both
eco-friendly and non-toxic (1).

Natural dyes are colors that are extracted from living
forms such as plants, microbes, animals and insects. People
are showing a growing preference for environmentally
sustainable products in their daily lives, including clothing,
food, beverages and pharmaceuticals that utilize natural
dyes. It is evident that only some natural dyes serve as
textile dyes in the commercial industry. In the food industry,
a substantial shift towards natural colorants is evident,
driven by the rising popularity of healthy eating, which calls
for replacing synthetic colorants with natural ones (5).
These natural dyes also have other properties, such as
repelling insects, neutralizing odors, acting as antifeedants
and inhibiting the growth of microorganisms. Additionally, it
has properties such as fluorescence and offers protection
against UV radiation (6). Various naturally colored pigments
are extracted from flower petals ranging from soft pastels to
bright and bold hues (7). Natural dyes extracted from
nontraditional flowers provide diverse income and
sustainable livelihoods for small-scale farmers through the
cultivation and utilization of wasteland (8).

I. coccinea Linn. belonging to the family Rubiaceae is a
rounded shrub that is grown as a decorative plant which is
native to India and Southeast Asia. It is referred as Idly poo in
Tamil, Rangon in Bengali, flame of wood in English and
Bandhaka in Sanskrit. Cycloartenol esters (9) found in its
flowers have anticancer, cytotoxic, hepatoprotective,
antibacterial and wound-healing (10) properties. Ixorene (11),
ixorapeptide |, ixorapeptide Il and quercitrin constitute some

of the compounds found in the leaves that exhibit
cardioprotective, antinociceptive, antioxidant, antidiarrheal,
antiasthmatic, hypoglycemic and hypolipidemic properties.
Furthermore, the roots have antioxidant qualities (12). The
plant has been used for a variety of traditional medical
purposes. Its leaves have been used as a remedy for
diarrhoea. The roots have been used to treat several
illnesses, such as fever, blisters, chronic ulcers, hiccoughs
and other skin diseases. The flowers have also been used to
treat dysentery and catarrhal bronchitis (13). Floral petal
extracts from Ixora coccinea Linn. can effectively serve as
natural dyes for cotton fabrics, with methanolic extracts
yielding deeper colors than aqueous extracts (14). This
study successfully optimized the dye extraction process
from . coccinea flowers using the Box-Behnken design
within the response surface methodology.

Materials and Methods
2.1. Plant materials collection and preparation

The flowers of /. coccinea for this study were collected from
the Botanical Garden of Tamil Nadu Agricultural University,
Coimbatore. As seen in Fig. 1, the raw material was cleaned,
washed, size reduced, shade dried and pulverized. To
ensure the ideal conditions for the flower's effective drying,
the flower's size was then reduced using scissors. The
flowers of I. coccinea were dried for ten days in the shade.
Further, the dried flower was pulverized using a mixer and
sieved (180-micron thick mesh) to create a conducive
environment for the efficient extraction of dye.

Fig. 1. Raw material preparation: /. coccinea plant (A), I. coccinea flowers (B), Cleaned and washed flowers (C), Shade drying (D), Dried flowers (E), Powdered flower

sample (F).
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2.2, Experimental design and optimization of dye extraction

To optimize the extraction of natural dye from I coccinea
flowers, the Box-Behnken approach of response surface
methodology experimental design with three independent
variables (extraction temperature, extraction time and solvent-
to-sample ratio) at three levels (3%) was used (15, 16). Design
expert version 13 software was used for the optimization of Box
-Behnken design. Basically, 27 experimental runs were
generated using a full factorial design with three variables at
three levels (3%) in total. However, the number of experimental
runs was decreased to 17 by making use of optimization
strategies. Triplicate trials were conducted in each
experimental run and the results were presented as average
values. The independent variables are the extraction
temperature, extraction time and solvent-to-sample ratio,
whereas the total monomeric anthocyanin content (mg c3g
E/ L) is the response variable. The solvent-to-sample ratio (10,
20 and 30 mL/g), extraction time (2, 3 and 4 h) and extraction
temperature (40, 60 and 80 °C) are the independent variables
with their respective design values, as presented in Table 1.

2.3. Dye extraction from Ixora coccinea flowers

In this study, natural dye has been extracted from Ixora
coccinea flowers by using the Automatic Soxhlet apparatus
(SOCSPLUS SCS 06 RTS model) using absolute ethanol as
solvent. Additionally, the method includes weighing a
sample that had already been sieved followed by placing it
in a cellulose thimble. Through a funnel at the top of the
condenser, absolute ethanol was transferred to the
extraction chamber as a solvent. After turning on the
electrothermal heating mantle, the solvent evaporated and
condensed down to thimble by the means of the condenser.
Subsequently, the extraction lasted 2, 3 and 4 h depending
on the experimental design. A rotary evaporator was used to
concentrate the extracted dye from the solvent after the
extraction. Fig. 2 illustrates the key steps involved in
extracting dye from 1. coccinea flowers, where A, B and C
represent the Automatic Soxhlet extraction stage, rotary
evaporator and extracted dye, respectively.

Table 1. Full factorial designs for dye extraction from /. coccinea flowers

2.4. Estimation of total monomeric anthocyanin content

2.4.1. Preparation of buffers : The pH 1.0 buffer (0.025 M
potassium chloride) was prepared in a 1000 mL beaker by
weighing 1.86 g of potassium chloride and dissolving it in
980 mL of distilled water. The pH meter was used to test the
pH and 0.1 N HCl was used to adjust the pH to 1.0. Then the
solution was transferred to a 1000 mL volumetric flask and
distilled water was added to make up the volume. The pH
4.5 buffer (0.4 M sodium acetate trihydrate) was prepared
similarly by weighing 54.43 g of sodium acetate trihydrate
and dissolving in 980 mL of distilled water. The pH was
adjusted to 4.5 using 0.1 N HCL. Then the solution was
transferred to a 1000 mL volumetric flask and distilled water
was added to make up the volume (17).

2.4.2. Estimation: The total monomeric anthocyanin content
of the extracted dye was measured in the pH differential
method using a double beam UV spectrophotometric
analyzer (17). The appropriate dilution factor was determined
by diluting the extracted dye with pH 1.0 buffer until the
absorbance at 520 nm was within the linear range of the
spectrophotometer. Using this dilution factor, prepare 2
dilutions of the dye, one with pH 1.0 buffer and the other with
pH 4.5 buffer. Calculate the absorbance of the extracted dye
at 520 and 700 nm after diluting it with pH 1.0 and pH 4.5
buffers. The diluted dye is read versus a blank cell filled with
distilled water. Finally, values were recorded which are
calculated using the following formula and the results are
expressed as milligrams per liter (mg/L) cyanidin-3-glucoside
equivalents (Eqn.1).

Total monomeric anthocyanin content (mg c3g E/L) =

AXMW X DF X 10°

exl
Where,

A(absorbance) = (Asonm - Aronm) pH 1.0 - (As;ohm - Ao
nm) pH 4.5

MW (Molecular Weight) = 449.2/mol for cyanin-3-glucoside
(c-3-g)

Factors Units Lower (-) Middle (0) Higher (+)
Extraction temperature Celsius 40 60 80
Extraction Time Hours 2 3 4
Solvent-to-sample ratio mL/g 10 20 30
C

el 1T N P I
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. Ty
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Fig. 2. Extraction process of natural dye from /. coccinea flowers.
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DF = Dilution factor

€ = Molar extinction coefficient of cyanidin-3-glucoside
(26900 mol*tcm?)

1=path length of cuvette incm
10° = conversion factor (g to mg)

2.5. Characterization of Ixora coccinea flower dye through
GC-MS

The volatile components of the [ coccinea ethanolic dye
extract were analyzed via GC-MS using an Agilent 7890A gas
chromatograph with a 5975C Mass Selective Detector. The
system operated with electron ionization (70 V) and an ion
source temperature of 250 °C. The analysis utilized an Agilent
DB5MS capillary column (30 mm x 0.25 mm x 0.25 um) with
high-purity helium (99.9 %) as the carrier gas at a flow rate of
1 mL/min. The injector operated in split mode (1:60) with 1 pL
injection volume. The temperature program started at 100 °C
(held for 0.5 min), ramped to 140 °C at 20 °C/min (held for 1
min), then increased to 280 °C at 11°C/min with a 20 min final
hold (18). Peak area measurements and data processing were
performed using Mass Hunter software. Component
identification relied on comparing obtained mass spectra with
reference spectra from the NIST Wiley 2008 library. PubChem
was used to confirm the molecular formula and molecular
weight of the identified compounds (19).

Results and Discussions
3.1. Total monomeric anthocyanin content

Three factors were studied at three different levels in the dye
extraction studies for /. coccinea: extraction temperature (40,
60 and 80 °C), extraction time (2, 3 and 4 hr) and solvent-to-
sample ratio (10, 20 and 30 mL/ g). The experimental data for
these levels and parameters is presented in Table 2. Data
analysis can be used to assess the impact of each parameter
and its level on the anthocyanin content of dye produced
from I coccinea flower. The highest anthocyanin content
from I coccinea flowers was achieved at an extraction
temperature of 80 °C, an extraction time of 3 hr and a solvent-
to-sample ratio of 10 mL/g. A total monomeric anthocyanin
content of 66.67 mg c3gE/L was achieved using this

combination of parameters. However, the lowest dye yield of
21.09 mg c3gE/L occurred at an extraction temperature of 40 °
C, an extraction time of 2 hr and a solid-to-liquid ratio of 20
mL/g. Comparing the results obtained by altering each
parameter from the lowest to the highest values makes it
obvious that the solvent-to-sample ratio had a major
influence on the anthocyanin content (20). Decreasing the
solvent-to-sample ratio from 30 mL/g (highest) to 10 mL/g
(lowest) resulted in an increase in anthocyanin content from
22.96 to 66.67 mg c3gE/ L. This highlights how important it is
to lower the solvent concentration for it to effectively interact
with the flower powder. Increasing the extraction
temperature from 40 °C (lowest) to 80 °C (highest) resulted in
a considerable increase in anthocyanin from 21.04 to 66.67
mg c3gE/ L. This suggests that an increase in temperature
allows the dye present in the flower to readily dissolve in
solvent, leading to a higher yield. The extraction time had a
smaller impact on the anthocyanin content than other
factors. Highest anthocyanin content (66.67 mg c3gE/ L) was
observed at 3 hr. The anthocyanin content dropped to 38.35
mg c3gE/L when the duration was extended to 4 hr. This
suggests that extending the extraction period to 3 hr raised
the anthocyanin content. On the other hand, the anthocyanin
content decreased when the duration was extended over 3
hr. In general, the solvent-to-sample ratio and extraction
temperature exhibited significant impacts on the
anthocyanin content, while the extraction time had a
comparatively smaller effect (21).

3.2. Analysis of variance (ANOVA) and fit summary

In this study, the ANOVA performed (Table 3) has two main
functions. To confirm that the observed effects are not the
result of chance, it first attempts to evaluate the statistical
validity of the data obtained. Second, it seeks to create a
model for the dye extraction procedure that can provide
insight into how the parameters and anthocyanin content
relate to one another. The study's adjusted R? value was
0.9712, meaning that the factors (extraction temperature,
extraction time and solvent-to-sample ratio) employed may
be responsible for around 97.12 % of the variability in the
anthocyanin content. Conversely, predicted R? evaluates
how well the model can forecast new data points or

Table 2. Total monomeric anthocyanin content of natural dye extracted from /. coccinea flower

Factor 1 Factor 2 Factor 3 Response 1
std Run A: Temperature Celsius B: Extr:gi::(:sn Time C: Sol:laetril: rt'?L/s;!mple Total Ig::g:::\;lg;hgfyamn
1 9 40 2 20 21.09
5 2 40 3 10 35.35
7 16 40 3 30 24
3 12 40 4 20 25.14
9 7 60 2 10 43.22
11 10 60 2 30 28.55
13 3 60 3 20 34.47
14 4 60 3 20 30.65
15 6 60 3 20 35.65
16 8 60 3 20 29.77
17 11 60 3 20 31.43
10 5 60 4 10 56.08
12 17 60 4 30 22.04
2 14 80 2 20 39.42
6 1 80 3 10 66.67
8 13 80 3 30 26.96
4 15 80 4 20 38.35
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Table 3. ANOVA for optimization of natural dye extraction from /. coccinea flower

Source Sum of Squares df Mean Square F-value p-value
Model 2260.39 9 251.15 61.01 <0.0001 significant
A-Extraction temperature 541.53 1 541.53 131.55 <0.0001
B-Extraction time 10.88 1 10.88 2.64 0.1480
C-Solvent-to-sample ratio 1244.26 1 1244.26 302.26 <0.0001
Residual 28.82 7 4.12
Cor Total 2289.21 16

observations. The predicted R? in this study is 0.9611,
indicating that the model's predictions are consistent with
the observed data and reasonably accurate. The accuracy
and durability of the regression model are demonstrated by
the small (0.0101) difference between the adjusted R? and
the predicted R2. This result suggests that the model can
successfully represent the underlying patterns and
relationships in the dye extraction process, as illustrated in
Fig. 3 and does not overfit the observed data.

The F value derived from the ANOVA indicates the
model's significance (22). The model's F value in this case is
61.01, indicating strong significance (p < 0.0001). This
suggests that the observed effects on the anthocyanin
content are probably to be the result of noise or random
variations (0.0001 or less). The model is therefore regarded
as statistically significant, indicating that the anthocyanin
content is significantly influenced by the selected factors
(extraction temperature, extraction time and solvent-to-
sample ratio) taken together. Among the individual factors,
extraction temperature (A) and solvent-to-sample ratio (C)
exhibited significant effects (p < 0.0001). The knowledge of
the relative influence of each factor on the anthocyanin
content can be derived from the final equation, which is
expressed in terms of coded factors. The factors A
(extraction temperature), B (extraction time) and C (solvent-

to-sample ratio) are represented by their respective
coefficients (+8.23, +1.17 and 12.47) in the equation. These
coefficients indicate the direction and magnitude of the
influence of each factor on the anthocyanin content, as
indicated in (Eqn. 2).

Total monomeric anthocyanin content = + 32.39 + 8.23 A +
1.17B-12.47C (Eqn.2)

Accordingly, the coefficient of A says that increasing
the extraction temperature (A) by one unit (coded level)
increases 8.23 units in the anthocyanin content. Similarly,
increasing the extraction time (B) by one unit increases the
anthocyanin content by 1.17 units and increasing the solvent-
to-sample ratio (C) by one unit decreases the anthocyanin
content by 12.47 units. Therefore, it can be inferred that the
solvent-to-sample ratio has a stronger influence on the
anthocyanin content than others. This implies that
maximizing the anthocyanin content of /. coccinea flowers
involves reducing the solvent-to-sample ratio.

3.3. Interaction effect of factors on anthocyanin content

3.3.1. Extraction temperature and extraction time : The
combined interaction effect of the extraction temperature
(°C) and extraction time (hr) on the total monomeric
anthocyanin content is depicted in 3D and contour mapping
in Fig. 4. To study the interactive effect of the variables

Predicted vs. Actual

Total Monomeric Anthocyanin Content
70 —
Color points by value of

Total Monomeric Anthocyanin Content :

21.09 -. 66.67

60 —

50 —

Predicted

40 —

30 —

20 —

oa

20

30 40 50 60 70

Actual

Fig. 3. Predicted and actual values for optimization of extraction of dye.
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Factor Coding: Actual

Total Monomeric Anthocyanin Content (mg c3gE/L)
Design Points:

@ Above Surface

© Below Surface

21.09 [ ¢6.67

X1=A
X2=8

Actual Factor
Cc=20

Total Monomeric Anthocyanin Content (mg c3gE/L)

B: Extraction Time (Hours)

Factor Coding: Actual

Total Monomeric Anthocyanin Content (mg c3gE/L)
@ Design Points

21.09 [ 6667
A

X1 =
X2=8B

35

Actual Factor
G=20

B: Extraction Time (Hours)

25

B /

Total Monomeric Anthocyanin Content (mg c3gE/L)

3D Surface

A: Temperature (Celsius)

50 60 70

A: Temperature (Celsius)

Fig. 4. Interaction effect between extraction temperature and extraction time (A) 3D response surface and (B) contour map.

influencing the extraction processes on the response
variable, which is the total monomeric anthocyanin content,
the Box-Behnken design approach's response surface
methodology was adopted. The solvent-to-sample ratio was
maintained constant at 20 mL/g to examine the interaction
between the two factors and the anthocyanin content. The
3D view and contour map showed that, at a minimum
extraction temperature of 40 °C, drop-in extraction time

from 4 to 2 hr resulted in a decrease in the anthocyanin
content of the extracted dye from 25.14 to 21.09 mg c3g E/L.
The primary factor that affects anthocyanin production is
the extraction temperature. The yield of anthocyanins can
be increased by raising the extraction temperature. It is
clear that the extraction temperature is the primary factor
affecting the pigment yield (23). The anthocyanin content
increased from 21.09 to 39.42 mg c3g E/L and from 25.14 to

https://plantsciencetoday.online
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38.35 mg c3g E/L for 2 and 4 hr, respectively, when the
extraction temperature was raised from 40 °C to 80 °C.
Improved mass transfer dynamics are responsible for the
increased anthocyanin content observed at high
temperatures. As temperature rises, two key phenomena
occur simultaneously: the pigments become more soluble
and the solvent's viscosity decreases. These changes
facilitate greater mobility of molecules and more effective
dissolution of the target compounds, ultimately leading to a
more efficient extraction process (24).

3.3.2. Extraction time and solvent-to-sample ratio: The
Box-Behnken design approach's response surface
methodology was used to examine the interaction between
the variables extraction time (hr) and solvent-to-sample

ratio (mL/g) on the response variable, total monomeric
anthocyanin content. The interaction effect of the two
factors on the anthocyanin content of the extracted dye is
depicted in 3D and contour maps in Fig. 5. At the constant
extraction temperature of 60 °C, the 3D image and contour
map reveal a maximum anthocyanin content of 56.08 mg
c3g E/L at an extraction time of 4 hr and the solvent-to-
sample ratio of 10 mL/g. This was performed to study the
interaction effect. However, with a solvent-to-sample ratio
of 30 mL/g and an extraction time of 4 hr, respectively, the
lowest anthocyanin concentration of 22.04 mg c3g E/L was
noted. This highlights how the solvent-to-sample ratio and
extraction time are directly and inversely correlated with
the anthocyanin content, respectively.

Factor Coding: Actual

Total M ic Anthocyanin C
Design Points:

@ Above Surface

© Below Surface

21.09 [ 667

X1 =8B
X2:=C

(mg c3gE/L)

Actual Factor
A =60

Total Monomeric Anthocyanin Content (mg c3gE/L)

B: Extraction Time (Hours)

A

Factor Coding: Actual

Total M ic Anthocyanin C (mg c3gE/L)
@ Design Points

21.09 [ 66.67

X1=8B
X2=C

25

Actual Factor
A =60

20

C: Solvent-to-sample ratio (mL/g)

B

Total Monomeric Anthocyanin Content (mg c3gE/L)

3D Surface

25 3 35 4

B: Extraction Time (Hours)

Fig. 5. Interaction effect between extraction time and Solvent-to-sample ratio (A) 3D response surface and (B) contour map.
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The anthocyanin content increased from 43.22 to
56.08 mg c3g E/L when the sample's extraction time was
extended from 2 to 4 hr at a solvent-to-sample ratio of 10 mL/
g. The extraction time has an impact on the anthocyanin
content. The longer the solvent and sample were in contact,
the greater the chance of mass transfer (25). Similarly, the
anthocyanin content increased from 28.85 to 43.22 mg c3g E/
L when the solvent-to-sample ratio decreased from 30 mL/g
to 10 mL/g at a 2-hour extraction time. The maximum amount
of solvent had successfully diffused into the solid (sample) at
a concentration of 10 mL/g. As a result, the red dye dissolved
readily up to a concentration that was restricted by the solid's

8

characteristics (26). As the liquid-to-solid ratio increased
further, a decrease in the yield of total anthocyanin content
was observed. The primary cause of this decline is the
increasing solvent proportion, which lowers the solid-weight
ratio and lowers the extracted anthocyanin's density thus
decreasing the overall anthocyanin (27).

3.3.3. Extraction temperature and solvent-to-sample ratio :
The response surface plot and contour map in Fig. 6 shows
the interaction effect between extraction temperature and
solvent-to-sample ratio. The extraction time of 3 h was
maintained constant. At a maximum extraction temperature
of 80 °C, reducing the solvent-to-sample ratio from 30 mL/g to

Factor Coding: Actual

Total Monomeric Anthocyanin Content (mg c3gE/L)
Design Points:

@ Above Surface

© Below Surface

21.09 [ s6.67

X1=A
X2:=C

Actual Factor
B=3

Total Monomeric Anthocyanin Content (mg c3gE/L)

60

A: Extraction Temperature (Celsius)

Factor Coding: Actual

Total M
@ Design Points

21.09 [ 66.67

X1=A
X2:=C

= B .
Anthocy C

(mg c3gE/L)

Actual Factor
B=3

C: Solvent-to-sample ratio (mL/g)

40

B

Total Monomeric Anthocyanin Content (mg c3gE/L)

3D Surface

50

I
60

50 80

A: Extraction Temperature (Celsius)

Fig. 6. Interaction effect between extraction temperature and Solvent-to-sample ratio (A) 3D response surface and (B) contour map.

https://plantsciencetoday.online


https://plantsciencetoday.online

10 mL/g was observed to increase the anthocyanin content of
the extracted dye from 26.96 to 66.67 mg c3g E/L. Earlier
research established that a 20 mL/g solvent-to-sample ratio
provided optimal conditions for anthocyanin extraction,
which aligns closely with current findings. The increase in
temperature caused the cell walls to burst, which enhanced
anthocyanin solubility and reduced the extract's viscosity by
raising intracellular pressure (28).

3.4. Characterization through GC-MS analysis: Purified
extract fractions of I coccinea were analyzed using gas
chromatography-mass spectrometry (GC-MS). This analysis
revealed the presence of several phytochemical compounds in
the pigment, which may support the plant's medicinal
properties and other significant applications. The identities of
these components were confirmed by comparing
characteristics such as molecular weight, peak area, molecular
formula and retention time with data from the NIST Wiley 2008
library. Among 38 identified compounds, the major
compounds based on area % are n-Butyric acid 2-ethylhexyl
ester (33.55), D-Mannitol (25.01), dl-a-Tocopherol (18.02), B-
Sitosterol  (6.38), n-Hexadecanoic acid (3.36), 4,5-
Dimethylthiazole S-oxide (2.20), Germacyclopentane (1.76).
Table 4 lists all the compounds included in GC-MS analysis.

Table 4. GC-MS analysis of . coccinea flower dye

Among the detected compounds, n-Butyric acid 2-ethylhexyl
ester is identified as the most abundant. Related compounds
such as n-Hexadecanoic acid and B-Sitosterol were also found
through the GC-MS analysis of the methanolic extract of /.
coccinea that has significant antidepressant activity (29, 30).

Conclusion

Utilizing response surface methodology, the study optimized
the extraction process of natural dye from /. coccinea flowers,
determining that the optimal conditions were an extraction
temperature of 80 °C, an extraction time of 3 hr and a solvent-
to-sample ratio of 10 mL/g. These conditions led to a
maximum anthocyanin yield of 66.67 mg c3gE/L. The study
underscores the potential of /. coccinea as a sustainable
alternative to synthetic dyes, with GC-MS analysis identifying
bioactive compounds that could enhance its industrial
applications. Future research should investigate the dye's
stability, scalability and commercial potential in the textile,
food and pharmaceutical industries. Additionally, assessing
its compatibility with eco-friendly mordants and its
biodegradability could further solidify its role in sustainable
practices.

S. No. Retention time Chemical Compound Molecular Formula Molecular Weight (g/mol)  Area %
1 4,798 Ethanethiol C2HeS 62.134 0.18
2 5.009 2-Cyclopenten-1-one CsHesO 82.1005 0.16
3 5.587 Methanamine CHs3NH; 31.06 0.84
4 6.242 2-Propen-1-amine CsH:N 57.0944 0.04
5 6.287 Ethene C,H, 28.05 0.31
6 6.531 2,5-Furandione C4H,03 98.06 0.26
7 7.375 4H-Pyran-4-one CsH40; 96.08 0.65
8 7.753 3-ethyl-Pyrimidine C7HoN 107.15 0.28
9 7.986 2-Hydroxyethyl propyl sulfide CsH1.0S 120.213 0.11
10 8.042 2,4-Thiazolidinedione C3H3NO,S 117.13 0.13
11 8.486 Isothiazole CsH3NS 85.12 0.04
12 8.664 2-Butynamide C4HsNO 83.090 0.09
13 9.020 1,3-Cyclohexadiene-1-carboxaldehyde C7HsO 108.1378 0.20
14 9.764 Benzenamine CeHsNH; 93.13 0.87
15 10.097 2-ethoxy-2-Propenoic acid CsHsO0s 116.11 0.04
16 10.153 5H-1-Pyrindine-3-carboxylic acid CiiH13NO2 191.23 0.11
17 10.186 2,4-Thiazolidinedione C3H3NO,S 117.13 0.05
18 10.286 4,5-Dimethylthiazole S-oxide CsH7NOS 129.18 2.20
19 10.397 2-Amino-4-methyl-4-pentenoic acid Ce¢HuNO2 129.16 0.15

20 10.475 3,4-Difluoroaniline CeHsF2N 129.11 1.76
21 10.753 3-Methyl-1,2,4-Thiadiazole C3H,N,S 100.15 0.21
22 10.808 Benzoic acid C7He02 122.123 1.18
23 10.930 9,12-Octadecadiynoic acid CisH250: 276.41 0.54
24 11.053 3-Methyl-thiazole C4HINS 101.17 0.82
25 11.797 Methylguanidine CoH7Ns 73.0971 0.04
26 12.564 n-Butyric acid 2-ethylhexyl ester C12H20, 200.3178 33.55
27 13.008 N-Ethylformamide CsH/NO 73.0938 0.21
28 13.208 n-Hexadecanoic acid Ci6H30, 256.4241 3.36
29 13.530 Guanidine CHsN3 59.07 0.59
30 13.863 Ethyl 4-methylbenzoate Ci10H1202 164.2011 0.50
31 14.274 D-Mannitol C6H1406 182.17 25.01
32 14.686 Propanamide CsH/NO 73.095 0.29
33 15.863 2,4-Pentadienenitrile CsHsN 79.10 0.10
34 15.863 dl-a-Tocopherol C29H500 430.71 18.02
35 16.874 isocyanato- methane C,H3NO 57.0513 0.04
36 17.007 3-(Methylthio)propanoic acid methyl ester CsH100.S 134.197 0.45
37 20.407 B-Sitosterol Ca9Hs00 414.71 6.38
38 20.896 6(2h)-Benzofuranone CsHs0> 134.13 0.24
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