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Abstract

Aim: Standardization of natural dye extraction process from the petals of rose flower for maximum yield of natural dye.

Methodology: Optimization of natural dye extraction process was conducted using Box Behnken Design of Response Surface Methodology followed by
stability studies to study the effect of different factors involved in the degradation of extracted anthocyanin.

Results: Optimal anthocyanin extraction from rose petals, yielded
19.653 mg g” with a high redness index of 240.314, was achieved
at 25°C using a 1:5 solid-to-solvent ratio and 0.015% HCI.
Anthocyanin stability decreased exponentially with increased
temperature and time, with natural light exposure causing the most
significant degradation. The dyes color shifted from bright red in
acidic condition to blue in alkaline conditions.

Interpretation: The study successfully identified optimal
conditions for extracting vibrant red anthocyanin dye from roses.
However, the sensitivity of dye to heat, light, and pH variations
indicate a need for careful handling and storage to maintain its
colour and stability.
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Introduction

Roses are a valuable natural resource, appreciated both
for their aesthetic and practical uses. They serve as popular cut
flowers, religious offerings, and garden decorations. The red
hues, derived from anthocyanins, also provide antibacterial
benefits (Saati et al., 2018). Far from being solely decorative, rose
blossoms hold considerable industrial value. Products like rose
water, rose oil, rose concrete, dried petals, dried buds, and rose
absolute are extracted from roses and are essential components
in the global cosmetic, perfume, food, and pharmaceutical
sectors (Mallick et al., 2024). Economically significant, rose
petals yield valuable compounds like vitamin C, used in natural
dyes, biopolymers, and products such as Pankhuri (dried petals),
Gul-e-roghan (rose essence), and Gulkand (rose petal jam) (Najem
et al.,, 2011). As a major global commodity, with key producers like
India, Bulgaria, Iran and Turkey, roses face economic hurdles due to
short lifespan of cut flowers, limiting farmer profits. Increasing shelf
life orfinding alternative uses for less-than-perfect blooms is vital for
economic optimization (Leghari et al., 2016).

This necessitates exploring alternative value-added
applications for roses, particularly for less-than-perfect blooms
that would otherwise go to waste. One such promising avenue is
the extraction of natural dyes. A part from beauty and fragrance,
rose petals have different applications and are a source of natural
red-to-yellow dye (Salman et al., 2023). Natural dyes offer a
gentler, more aesthetically pleasing colour palette, characterized
by soft, lustrous, and subtle hues, creating a calming effect. Unlike
synthetic dyes, natural colourants are non-toxic, environmental
friendly, pose no risk of cancer or poisoning and eliminate
disposal concerns. Their extraction and application typically
involve fewer chemical reactions, making them a simpler and
potentially safer option than synthetic alternatives (Gulrajani,
2001). Roses are easily cultivated, making them a sustainable
alternative to synthetic dyes, and their variety allows for a diverse
colour range. Furthermore, rose dyes exhibit excellent
colourfastness, ensuring longer-lasting, fade-resistant colours.
Their anthocyanin pigments offer a range of red, pink, and purple
hues (Kumari et al, 2022). In anthocyanin research, solvent
extraction frequently serves as a preliminary step, yielding a
crude extract for subsequent analysis. To achieve maximum
anthocyanin yield and purity, researchers meticulously refine
extraction variables, including solvent selection, pH levels,
temperature, and extraction duration. This optimization process is
essential for reliable and reproducible results. In view of the
above, this study aimed to standardize the natural dye extraction
process from rose flowers to achieve maximum dye yield.

Materials and Methods

The petals of rose flower used in the natural dye
extraction process were procured from the Ghazipur market, New
Delhi, and the extraction itself was conducted at the Division of
Floriculture and Landscaping at ICAR-IARI, New Delhi. Rose
petal anthocyanin, a natural dye, was isolated through a 90-min
hot-air oven solvent extraction. This process utilized a specific
ratio of rose petals to a solvent (water and Hcl). To optimize the

anthocyanin extraction process, researchers used a statistical
tool called Response Surface Methodology (RSM), a widely
accepted statistical technique for optimizing the extraction of
bioactive compounds from plant sources (Bezerra et al., 2008).
The vyield of natural dye was determined using anthocyanin
contentand rednessindex.

Estimation of total anthocyanin content: Total Anthocyanin
Content (mg g") was determined by pH differential method
(Rapisarda et al., 2000) and expressed as cyanidin-3-glucoside
(Cy-3-glc) equivalents, as per the following formula:

mg Ax MW x DF x 1000
TAC(—)=—
exLxM

where, A is the is the absorbance value in visible region,
equalling (A,.cAro)gie = (ArmaAro)oas Which corresponds to
sodium acetate-acetic acid buffer solution when pH = 4.5 and
potassium chloride-hydrochloric acid buffer solution when pH =
1.0 to dilute the anthocyanin extracts; MW is the molecular weight
(g mol™) of Cy-3-glc (449.2 g mol” in the analysis); DF is the
dilution factor; € is the molar extinction coefficient (26,900 for Cy-
3-glc); Lis the path length of the cuvette (1 cmin the analysis) and
Mis weight (g) or volume (ml) of the sample taken.

Redness Index: Redness index measurements were
determined using a method adapted from Mathieu et al. (1998).
To quantify this index, RGB values of samples were captured
under dark conditions using a high-resolution camera positioned
consistently six inches above the samples. This approach,
following Basavaraja et al. (2022), eliminated the influence of
external light. The attained images were then analyzed to extract
RGB values for individual pixels, which were subsequently used
to calculate the redness index based on the RGB colour cube
model (http://www.rapidtables.com/web/color/colortester .htm).
Each colour coordinate may vary from 0 to 255.

2

Redness Index (RI) = ———;
(B x G
Optimization of anthocyanin extraction protocol: The natural
dye extraction process was optimized using a Box-Behnken
Design (BBD) combined with Response Surface Methodology
(RSM). Three factors—acid concentration (0%, 0.1%, 0.2%),
temperature (25°C, 45°C, 65°C), and solid-to-solvent ratio (1:5,
1:10, 1:15)—were tested at three levels, coded as -1, 0, and +1. A
total of 17 experiments, including five canter point replicates,
were conducted in randomized order to minimize uncontrolled
factor effects. A quadratic model was developed to analyze the
individual and interactive effects of variables on the responses:
total anthocyanin content and redness index. Numerical
optimization was performed using Design-Expert® software
(Stat-Ease 360), with constraints applied to ensure practical
ranges. Stability studies were conducted on the optimized
conditions to assess dye stability. Stability testing of anthocyanin
was conducted to assess its degradation under varying
conditions of temperature, pH, and light exposure. Based on the
optimized solutions derived from Response Surface
Methodology (RSM), two specific extraction conditions were
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selected for the study: 0% HCI, 250°C extraction temperature,
and a 1:5 solid-to-solvent ratio, and 0.014-0.15% HCI, 250°C
extraction temperature, and a 1.5 solid-to-solvent ratio.
Anthocyanin extract was exposed to varying temperatures (10°C,
25°C, 45°C, 70°C, and 100°C) for up to 3 hrs, with samples
collected at 1hrinterval (5-min intervals at 100°C for 15 min). The
pH effect was studied by exposing 1.0 ml of extract to buffer
solutions (pH 1-7) at room temperature, with immediate analysis
of total anthocyanin content. Light exposure was tested by storing
20 ml of extract in transparent and amber-capped tubes under
continuous light, continuous dark, and natural conditions for 1
month, with samples collected every 2 days for the first 14 days
and weekly, thereafter. Total anthocyanin content was measured
to assess stability under these conditions.

Results and Discussion

The combined and individual impacts of independent
variables—acid concentration, extraction temperature, and solid-
to-solvent ratio—on the responses, including total anthocyanin
content and redness index, were evaluated using Response
Surface Methodology (RSM). The outcomes obtained under
various experimental conditions are presented in Table 1. The
findings are discussed as follows:

The effect of acid concentration, extraction temperature
and solid to solvent ratio on total anthocyanin content s illustrated
inFig. 1and 2. Fig. 1 shows that with increase in the temperature
from 25 to 65°C, there was a significant quadratic effect on the
total anthocyanin content with maximum yield at approximately
25°C. Similarly, a rise in acid concentration from 0 to 0.2%
resulted in the increase of total anthocyanins up to some extent
followed by a slight decrease. Fig. 2 reflected that with increase in
solid to solvent ratio, the total anthocyanin content of extract
significantly increased in a linear manner. Overall, the quadratic
model was significant (F value 4.63) with a non-significant lack of
fit. The regression equation (1) for total anthocyanin contentis:

Total anthocyanin content = 3.06 -1.09 X, — 3.22 X, - 3.30
X,+10.34 X, ....... (0

The effect of acid concentration, extraction temperature
and solid to solvent ratio on redness index is shown in Fig. 3 and
4. The perusal of data showed that with increase in the
temperature from 25 to 65°C, no significant change was reported
in the redness index. However, an increase in acid concentration
from 0 to 0.2% resulted in the linear increase of redness index of
the extract. Fig. 4 reflected that with increase in solid to solvent
ratio, the redness index of extract was significantly increased in a
linear manner. The temperature of extraction did not exhibit any

Table 1: Response of 17 runs of Box Behnken Design with total anthocyanin content, redness index and colour expression

Coded level Actuallevel
X, X, X, Concentration  Temperature Solid: Solvent ~ Totalanthocyanin  Redness Colourexpression
ofacid(X1)%  (X,)°C ratio (X;) content (TAC) index (RI)

0 0 0 0.1 45 01:10 7.86 97.65 B
1 1 0 02 65 01:10 2.67 667.68 F
10 102 45 01:15 0.80 8.67 "
40 100 45 01:15 021 000035 |G
0 0 0 0 45 01:10 165 75117 B
41 0 00 65 01:10 1471 00006 . |
0 0 0 o 45 01:10 0.05 361.00 T
0 0 0 o 45 01:10 187 819.20 B
10 402 45 01:05 2.05 168200 [ GGG
0 - 4 o 25 01:05 25.04 744.20 P ™
4 A 0 00 25 01:10 15.06 o000 |GG
o 1 4 0 65 01:05 15.06 732.19 M
1A 0 02 2 01:10 1370 10.61 pre———
0 1 1 0 65 01:15 7.16 75.00 PP
40 400 45 01:05 096 0.006 | . |
0 1 04 25 01:15 858 021 r——
0o 0 0 od 45 01:10 343 737.88 T
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Anthocyanin Content (mg g”)

Fig. 1: Interactive effect of acid concentration (A) and temperature (B) on
total anthocyanin content of extracted natural dye.

e a, oy,

Redness Index

Fig. 3: Interactive effect of acid concentration (A) and temperature (B) on
redness index of extracted natural dye.

effect on redness index. Overall, the linear model was significant
(F value 5.20) with a non-significant lack of fit. A higher redness
index could be perfectly correlated with the intense reddish tinge in
the colour expression or vice versa in the particular row in Table (1)
resulted from its respective combinations of process variables. The
regression equation (Il) for redness indexis:

Anthocyanin Content (mg g

Fig. 2: Interactive effect of temperature (B) and solid: solvent (C) on total
anthocyanin content of extracted natural dye.

Redness Index

Fig. 4: Interactive effect of temperature (B) and solid: solvent (C) on total
anthocyanin content of extracted natural dye.

Redness Index = 394.56 + 298.62 X, - 384.31X, - 418.33

Both models exhibited adequate precision values greater
than 4.0, indicating their reliability for navigating the design
space. The optimal conditions for better total anthocyanin content

Journal of Environmental Biology, March 2026
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Fig. 5: Effect of temperature on stability of anthocyanin with acidic extract.
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Fig. 6: Effect of temperature on stability of anthocyanins with aqueous extract.
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Fig. 7: Impact of pH on stability of anthocyanin with aqueous extract.

(19.653 mg g") and redness index (240.314) were achieved at an
acid concentration of 0.014-0.015%, an extraction temperature
of 25.185°C (approximately 25°C), and a solid-to-solvent ratio of
1:5. The desirability of optimization and prediction was 97.40%
(0.974). Validation experiments under these conditions showed
non-significant deviations from the model-predicted values. The

45°C 70°C 100°C
0.015%HClI; 1:5; 25°C

70
s 60 -
g
= 50
S
§ 40
£ 30
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_-é 20
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1 2 3 4 5 6 7
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Fig. 8: Effect of pH on stability of anthocyanin with acidic extract.

extraction of anthocyanin is influenced by multiple factors, as
supported by previous studies. Cacace and Mazza (2003) and
Ryu and Koh (2018) highlighted that acid concentration
significantly impacts anthocyanin extraction, with optimal levels
varying by source. In this study, the increasing acid concentration
initially enhanced both total anthocyanin content and redness
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Fig. 9: Effect of light conditions on stability of anthocyanin with aqueous extract.
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Fig. 10: Effect of light conditions on anthocyanin stability with acidic extract.

index, however, excessive concentrations showed a declining
trend. Jeganathan et al. (2014) emphasized the importance of
solid-to-solvent ratio, with higher ratios generally yielding more
anthocyanins. This aligns with our findings, where increasing the
solid-to-solvent ratio significantly improved both responses.
Temperature exhibited a complex effect. A few studies, like those
of Jeganathan et al. (2014) and Ku and Mun (2008) reported that
moderate increase in temperature can make extraction more
effective, others, like Cacace and Mazza (2003), noted that
higher temperatures may degrade anthocyanins. In this study,
temperature had a significant quadratic effect on total
anthocyanin content, with the highest yield at 25°C, however, no
significant effect was noted on the redness index. The P-values
were used to identify significant terms in the regression models
(Equations | and II). Model terms with P-values < 0.05 were
considered significant, while those with P-values > 0.10 were
deemed non-significant. This statistical approach ensured the
reliability of models for predicting optimal extraction conditions.

= 0.015%HCl,1:5, 25°C Continuous light

Durability of natural dye was examined under diverse
parameters, including different temperatures, pH levels and light
conditions (continuous dark, continuous light, and natural
conditions). Degradation of anthocyanin content was measured
over time under different temperature and light conditions.
Stability of anthocyanin was assessed across five temperatures
(10°C, 25°C,45°C, 70°C and 100°C) over specific time intervals.
For acidic extract (0.015% HCI, 1:5 ratio, 25°C), degradation
increased markedly with higher temperatures and longer
exposure times as shown in Fig. 5. At 10°C, degradation was
gradual, reaching 33.01% after 1 hr and 54.30% after 3 hr. In
contrast, at 70°C, degradation was rapid, with 75.40% after 2 hr
and 85.86% after 3 hr. At 100°C, significant degradation (39.10%)
occurred within 15 min. A similar trend was observed for aqueous
extract (0% HCI, 1:5 ratio, 25°C), with 27.03% degradation at
10°C after 1 hr and 90.87% at 70°C after 3 hr. At 100°C,
degradation reached 56.05% within 15 min as shown in Fig. 6.
Higher temperatures exponentially accelerated degradation, with
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prolonged exposure intensifying the effect. For example, at 70°C,
a substantial decline in total anthocyanin content (TAC) was
observed within the first hour. These results underscore the
sensitivity of anthocyanins to temperature, with the most
pronounced degradation occurring under high temperatures and
extended exposure. Anthocyanin degradation is strongly
influenced by temperature and time, with elevated temperatures
speeding up the process. Amperawati et al. (2019) noted that
anthocyanin stability decreases with rising temperatures and
longer heating durations, showing faster degradation rates at
higher temperatures.

Similarly, Cemeroglu et al. (1994) found that anthocyanin
degradation in sour cherry juice followed a first-order reaction,
with rates increasing significantly at higher temperatures,
particularly at 80°C. Additionally, Suzery et al. (2020) confirmed
that heating at 80°C led to a significant reduction in total
anthocyanin content and antioxidant activity, emphasizing the
adverse effects of prolonged high-temperature exposure on
anthocyanin stability. This is further supported by a recent study
by Kaya et al. (2024), which used an artificial neural network to
predict anthocyanin degradation from Berberis Crategina DC.,
confirming that stability is critically dependent on a combination of
low temperature, short exposure time, and an acidic pH. Our
findings align with these studies, demonstrating that anthocyanin
stability was maximum at lower temperatures (10°C, 25°C, and
45°C) compared to higher temperatures (70°C and 100°C).
Degradation of anthocyanins was found to be exponential,
increasing with both temperature and exposure time. These
insights highlight the critical role of temperature control in
preserving anthocyanin stability during storage and processing.

The stability of anthocyanin was assessed across a pH
range of 1 to 7 using buffer solutions. For both aqueous (0% HCI,
1:5 ratio, 25°C) and acidic extracts (0.015% HCI, 1:5 ratio, 25°C),
anthocyanin content varied significantly with pH (Fig. 7, 8). The
maximum anthocyanin content was recorded atpH 7 (51.432mg g
for aqueous and 56.729 mg g for acidic extract), while the lowest
values were observed at pH 3 (10.687 mg g for aqueous and
13.879 mg g for acidic extract). Anthocyanins exhibited greater
stability in acidic conditions (pH 1-3), displaying vibrant red hues,
while higher pH levels (pH 6-7) caused a color shift to blue and
reduced stability. These findings indicate that anthocyanins are
more stable and visually vibrant in acidic environments whereas
alkaline conditions led to color changes and decreased stability.
Anthocyanins, natural pigments found in fruits and vegetables, are
highly pH-sensitive, altering their color based on environmental
acidity (Verma et al., 2023; Zuo et al. 2025). In acidic conditions,
they remain stable and appear bright red in their flavylium form.
However, in lesser acidic or alkaline environments, they become
less stable, forming quinoidal bases and shifting to blue (Verma et
al., 2023).

The stability of anthocyanins is also influenced by
molecular structure; larger sugar molecules enhance stability,
while the presence of ascorbic acid reduces it (Levy et al., 2019).

Interestingly, their antioxidant activity increases in lesser acidic
environments (Tina et al., 2020). Proteins like p-case in can
protect anthocyanins from degradation, but their interactions are
pH-dependent. In acidic conditions, electrostatic interactions
dominate, while in less acidic environments, hydrogen bonding
and van der Waals forces become more significant (Yang et al.
2023; Zhang et al. 2023). Understanding these pH-dependent
interactions is crucial for preserving anthocyanin-rich products
(Verma et al., 2023; Zuo et al. 2025). Anthocyanins are generally
more stable in acidic conditions, where they exhibit red hues
(Wahyuningsih et al., 2017; lbrahim et al., 2011). In alkaline
environments, they transition to blue, although some
anthocyanins, such as those from Musa acuminata bract, exhibit
unique stability at specific pH ranges (Roobha et al., 2011). Our
results align with these findings, showing that anthocyanin
content increased with pH but experienced a slight decrease at
pH 5 . The color stability was greater at lower pH levels, with
brighter red hues in acidic conditions and a shift to blue at higher
pH levels. These insights emphasize the importance of pH control
in maintaining the stability and visual appeal of anthocyanin-
based products. The stability of anthocyanin was tested under
continuous dark, continuous light, and natural light conditions
over different time intervals. For aqueous extract (0% HCI, 1:5
ratio, 25°C), degradation reached nearly 30% after 5-6 days in
both continuous light and dark conditions, butin natural light, 30%
degradation occurred within 2-3 days. After 14 days, degradation
exceeded 94% across all conditions, with natural light showing
the highest degradation (99.13%). Anthocyanin was found to be
more stable in dark conditions compared to continuous and
natural lightas shownin Fig. 9.

For acidic extract (0.015% HCI, 1:5 ratio, 25°C), 30%
degradation was observed after 4-5 days in continuous light and
6 days in dark conditions, while natural light caused 30%
degradation within 3—4 days. After 28 days, degradation reached
89.03% in dark conditions, 99.56% in continuous light, and
99.72% in natural light. Again, anthocyanin was more stable in
dark conditions compared to light-exposed samples as shown in
Fig. 10. Overall, anthocyanin degradation was fastest under natural
light, followed by continuous light, with dark conditions providing
maximum stability. These results underscore the sensitivity of
anthocyanins to light exposure, particularly in natural settings.

Anthocyanins, natural pigments found in plants, are more
stable in dark conditions than when exposed to light. Studies on
the Hibiscus sabdariffa, Tibouchina semidecandra, mangosteen
peel, and Roselle calyces extracts have consistently shown that
these pigments degrade more rapidly under light exposure
(Abdullah et al., 2006; Chisté et al., 2010; Pragalyaashree et al.,
2018). Our findings align with these studies, showing that
anthocyanin degradation reached around 30% after 5-6 days in
continuous light and dark conditions, but within 2-3 days under
natural light. For acidic extract, 30% degradation occurred after
4-5 days in continuous light and 6 days in dark conditions, but
within 3-4 days under natural light. Anthocyanin was consistently
more stable in dark conditions compared to light-exposed samples.
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This accelerated degradation under natural light is
attributed to its broader spectrum of wavelengths, including
ultraviolet radiation, which is particularly damaging to
anthocyanins. This is further supported by a 2025 study by Zhou
et al., on grape anthocyanins, which provided detailed kinetic
evidence that UV radiation significantly accelerates the
degradation process. The findings underscore the critical role of
UV as a key driver of instability. Additionally, natural conditions
often involve higher oxygen exposure compared to controlled
laboratory settings, and oxygen can interact with anthocyanins,
promoting oxidation and degradation. These findings highlight the
importance of minimizing light and oxygen exposure to preserve
anthocyanin stability in natural dye applications.

This study effectively optimizes the extraction of red dye
from roses, achieving better anthocyanin content and redness
using specific parameters of acid concentration (0.014-0.015%),
low temperature (25°C), and a 1:5 solid-to-solvent ratio. These
findings offer practical utility by providing a clear framework for
efficient natural dye production with enhanced color intensity.
Furthermore, the research emphasizes crucial strategies for
maintaining anthocyanin stability through controlled temperature,
acidic pH, and light avoidance, ensuring the longevity and efficacy
of natural dyes for various applications.
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