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ABSTRACT

There is a tremendously high demand for multifunctional colorants in the food and pharmaceutical industries. 
Anthocyanins in roselle (Hibiscus sabdariffa L.) are plant pigments with dual purposes: Natural dye and 
pharmacologically active ingredient. Therefore, a suitable extraction technology applicable on an industrial scale is 
needed. This research sought to optimize the stirring-assisted extraction (SAE) conditions (solvent type, extraction 
time, and the ratio of crude drug weight to volume of solvent) for high anthocyanin contents. Extracts were evaluated 
by color, pH, total anthocyanin content, and free-radical scavenging activity using DPPH. Results showed that 
SAE is more effective than simple maceration and ultrasound-assisted extraction. Optimal SAE conditions for 
anthocyanin extraction from roselle calyces are 50% ethanol solvent acidified with 2% citric acid, 15-min extraction, 
and a crude drug-solvent ratio of 1:15 g/mL. When met, a dark red extract was produced with a pH of 2.78, total 
anthocyanin content (cyanidin-3-glucoside equivalent) of 4.03 mg/g crude drug, and IC50 equal to 244 ppm of the 
crude drug. The optimal conditions found in this study are suitable for extraction on a laboratory scale without 
sophisticated instrumentation, which can be scaled up for the mass production of natural colorants in the food and 
pharmaceutical industries.

1. INTRODUCTION

Dyes or colorants are additives applied to food products or 
pharmaceutical preparations to impart or improve the color of a material. 
In the food production chain, food colorants play an essential role in 
covering unpleasant attributes and/or enhancing the natural properties 
of a food product [1,2]. Colorants are also added to pharmaceutical 
preparations to increase acceptability, maintain the stability of active 
ingredients, and as product identification during manufacturing and 
distribution [3,4]. Industries have used various synthetic dyes because 
they are stable, attractive in color, and inexpensive. However, there is a 
growing demand for natural colorants along with changes in consumer 
lifestyles, the raised awareness of artificial dyes’ side effects on health, 
and the emerging issues of environmental deterioration [1,2]. As a 
result, several natural dyes have been produced and approved for use 
in the United States, European Union, and Indonesia [1,5].

Anthocyanins are water-soluble pigments found especially in flowers, 
fruits, and roots or tubers that appear red in acidic environments, 
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blue in alkaline conditions, or purple in neutral pH. Anthocyanins are 
categorized as a flavonoid even though they have a positively charged 
oxygen atom on the C ring of the basic flavonoid structure; hence, they 
are called flavylium ions (2-phenylchromenylium) [6,7].

Roselle (Hibiscus sabdariffa L.) is one of the plants rich in anthocyanins, 
including delphinidin-3-glucoside, cyanidin-3-glucoside, delphinidin-
3-sambubioside, and cyanidin-3-sambubioside. These compounds are 
responsible for the red-to-purple color of the calyces [8,9]. In addition 
to their potential as colorants, they exhibit biological activities as 
antioxidant, anti-inflammatory, antibacterial, antitumor, antidiabetic, 
anti-hypertensive, and hepatoprotective agents [10]. For these reasons, 
anthocyanins in roselle have multiple functions as natural colorants and 
pharmacologically active ingredients. The food and pharmaceutical 
industries can explore this dual nature not only to create colorings 
but also to improve product characteristics (e.g., as preservatives) and 
functions (e.g., functional foods and pharmaceutical preparations with 
specific activities) [11].

A suitable extraction technology that is applicable on an industrial 
scale should, however, be developed first to utilize roselle calyces 
as a source of natural dyes. Several anthocyanin extraction methods 
from the calyces are heat-assisted extraction (HAE), ultrasound-
assisted extraction (UAE), maceration, infusion, microwave-assisted 
extraction (MAE), and supercritical fluid extraction (SFE) [9,11-16]. 
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Except for SFE, these methods are generally performed using water 
or water-ethanol mixtures as solvents [9]. UAE, MAE, and SFE are 
non-conventional extraction methods with several advantages, but the 
major drawback is the sizable investments in equipment.

Maceration is a conventional method most widely used by the 
public and industries. It is simple and economical, but the extraction 
efficiency is rather low. Several approaches have been introduced to 
improve it, such as heat-assisted and/or stirring-assisted maceration. 
However, since cold temperatures are more optimal for extracting 
anthocyanins [17], stirring-assisted extraction (SAE) is the better 
alternative to costly non-conventional extraction methods. Extraction 
efficiency depends on process variables, namely, solvent type, the ratio 
of crude drug weight to volume of solvent (S/L ratio), and extraction 
time. In addition to process variables, the optimal extraction conditions 
are also determined by the target compounds and the matrix of the 
plant material used. Therefore, the optimal SAE conditions should be 
determined to obtain roselle extracts with high anthocyanin contents.

Although the extraction of anthocyanins from roselle calyx has been 
studied in previous researches [12-14,18], this is the first work to 
optimize the SAE process and evaluate its efficiency against UAE. 
Therefore, the objectives of this research were threefold: To optimize 
the type of extraction solvent (50%, 70%, 95% ethanol, 50% ethanol 
acidified with citric acid, or 50% ethanol acidified with tartaric acid), 
extraction time (10, 15, or 20 min), and the S/L ratio (1:5, 1:10, or 
1:15 g/mL) in the SAE of anthocyanins from roselle calyces. Four 
parameters were observed to evaluate the derived extracts: Color, pH, 
total anthocyanin content (mg/g) expressed as cyanidin-3-glucoside 
equivalent, and antioxidant activity measured with the DPPH radical 
scavenging method. This investigation provides relevant industries 
with preliminary data on the optimal SAE conditions on a laboratory 
scale — a stepping stone to further investigations for pilot and 
industrial-scale extraction.

2. MATERIALS AND METHODS

2.1. Plant Materials
Samples of purple roselle fruits [Figure 1] were harvested in Magetan 
Regency, East Java Province, Indonesia, in April 2021. These plant 
parts were authenticated by the Center for Traditional Medicine 
Information and Development, University of Surabaya, with a plant 
identification certificate number 1476/D.T/VI/2022. Picked samples 
were washed in clean tap water and drained. Then, calyces were 
removed from seed pods and air-dried. Dried calyces were later ground 
to powder using a blender (Philips HR 2222, Philips, Amsterdam, 
Netherlands) and passed through a 20-mesh sieve before being stored 
in a dark and airtight container.

2.2. Selecting Extraction Methods
Before optimizing extraction variables, the optimal extraction method 
was selected from simple maceration (SM), SAE, and UAE. One gram 
of roselle calyx powder was added with 10 mL of 70% ethanol (Merck 
KGaA, Darmstadt, Germany). The mixture was then extracted with 
SM, SAE, or UAE for 15 min at room temperature. To perform SM, 
the mixed ingredients were soaked in a solvent in a beaker covered 
with aluminum foil. SAE was conducted the same way as SM but 
with stirring throughout the extraction time using a magnetic stirrer 
(Cimarec from Thermo Fisher Scientific, Waltham, MA, USA) at 
200 rpm. UAE used an ultrasonic cleaner (Branson 1510 from Branson, 
Brookfield, Connecticut, USA) to sonicate the prepared mixture for 
15 min with an ultrasonic power (P) of 150 W at 42 kHz. Afterward, 
extracts derived from each method were strained with a Whatman® 
Grade 1 qualitative filter paper (Merck) into a 10 mL volumetric flask 
and added with the proper solvent up to 10.0 mL. All the extracts were 
then observed organoleptically and further analyzed to determine their 
pH levels, total anthocyanin contents, and antioxidant activities.

2.3. Optimizing Extraction Solvents
The most favorable extraction method, a conclusion drawn from the 
previous research step, was further used to optimize the solvent. First, 
1 g of roselle calyx powder was added with 50%, 70%, 95% ethanol, 
and 50% ethanol acidified with 2% citric acid (Merck KGaA), or 50% 
ethanol acidified with 0.75% tartaric acid (Merck KGaA) with the S/L 
ratio of 1:10 g/mL. Second, each mixture was extracted for 15 min 
at room temperature. Finally, the derived extracts were evaluated to 
determine their organoleptic properties, pH levels, total anthocyanin 
contents, and antioxidant activities.

2.4. Selecting Extraction Time
One gram of roselle calyx powder was extracted with the selected 
method and solvent, as ascertained in the previous two steps. With 
a fixed S/L ratio of 1:10 g/mL, the extraction was performed in 
three different durations (10, 15, and 20 min) at room temperature. 
Afterward, each of the derived extracts was observed organoleptically 
and chemically to determine pH levels, total anthocyanin contents, and 
antioxidant activities.

2.5. Selecting the Crude Drug-solvent Ratio
The next step to optimize extraction conditions was to find out the 
favorable ratio of crude drug weight to solvent volume. Roselle calyx 
powder was extracted with the optimized method, solvent, and time 
and a S/L ratio of 1:5, 1:10, or 1:15 g/mL. To create these ratios, crude 
drugs weighing 2.00, 1.00, and 0.67 g, respectively, were mixed with 
10 mL of solvent before extraction.

2.6. Organoleptic Observations and pH Measurements
The organoleptic properties (color) of the extracts were observed 
visually with the naked eye, while the pH levels were measured using 
a pH meter (Mettler Toledo FP-20; Columbus, Ohio, US). Ten mL of 
the extract was placed in a 50 mL beaker glass. Then, the calibrated pH 
electrode was dipped in the extract, and the pH readings were recorded.

2.7. Measuring Total Anthocyanin Contents
Total anthocyanin contents were determined with the pH differential 
method introduced by Lee et al. with some modifications [19]. 
First, 250 L of the extract was added with 5 mL of a pH 1.0 buffer 
solution. Second, another 250 L of the same extract was drawn off 

Figure 1: Purple roselle parts: Fruits (a), seed pods (b), dry calyces (c), and 
dry calyx powder (d).
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using a pipette and then added with 5 mL of a pH 4.5 buffer solution. 
Afterward, the absorbance of both mixtures was read with a UV-
Vis spectrophotometer (Shimadzu UV 1900 from Shimadzu, Kyoto, 
Japan) at wavelengths of 520 and 700 nm. Final absorbance (A) was 
calculated using the equation A = ([A520 700] pH1.0 = [A520 - A700] 
pH4.5). Total anthocyanin content, expressed as cyanidin-3-glucoside 
equivalents, was quantified using the equation below [19]:

3
Total anthocyanins mg / L A = MW =DF  1 0

   l

Where A = Final absorbance, MW = Molecular weight of cyanidin-3-
glucoside (449.2 g/mol), DF = Dilution factor,  = Molar extinction 
coefficient of cyanidin-3-glucoside (26,900 L = mol-1 = cm-1), 
l = Cuvette width (1 cm), and 103 = Conversion factor from g to mg. 
Total anthocyanin contents in mg/L were then converted into mg/g by 
considering the weight of the extracted crude drug and the volume of 
extract using the equation below:

Total anthocyanins in mg/L = Volume of extract in L
Wei
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2.8. Measuring Antioxidant Activities
Free-radical scavenging method using DPPH was employed to screen 
the antioxidant activity of the derived extracts [20,21], with ascorbic 
acids as the reference compounds. The extract and the reference 
compound were each diluted until 5= concentrations. Then, 100 L of 
the sample or reference compound solution was pipetted into a 96-well 
clear polystyrene microplate and added with 50 L of DPPH (Sigma 
Aldrich Co., St. Louis, MO, USA) solution in ethanol (0.026%). 
The mixture was homogenized and then incubated in the dark for 
10 min. The absorbance was read using a microplate reader (UVM 
340 Biochrom from Biochrom Ltd., Cambridge, UK) at a wavelength 
of 517 nm. To create a blank sample, 100 L of roselle extract 
with a proper concentration was added with 50 L of ethanol. The 
absorbance values of the mixed DPPH solution (50 L) added with 
ethanol (100 L) was also recorded to obtain the absorbance of the 
control. The DPPH radical scavenging values were calculated using 
the equation below:

c s bl

c

(A (A A ))
Inhibition %   100%

A

Where Ac = The absorbance of the control, As = The absorbance of the 
sample, and Abl = The absorbance of the blank sample. The sample=s 
potency in scavenging free radicals is expressed as the inhibitory 
concentration 50 (IC50) for DPPH. IC50 was calculated using the linear 
regression equation (y = bx = a) of the series of sample concentrations 
(x) versus percentages of inhibition (y).

2.9. TLC Fingerprinting of the Extracts
A sample of each extract was spotted on a TLC silica gel 60 F254 
plate (Merck KGaA) with a 5 L capillary tube (Camag, Muttenz, 
Switzerland). The mobile phase (from Merck KGaA) used was a 
combination of ethyl acetate, glacial acetic acid, formic acid, and 
demineralized water (100:11:11:26). The plate was eluted in a 
10 = 10 cm twin-trough chamber (Camag) saturated with the mobile 
phase with a development distance of 8 cm. After elution, the plate 
was observed under white light, then derivatized with natural product-

polyethylene glycol reagent (NP/PEG, from Merck KGaA) and further 
observed under 366 nm UV light (Camag).

2.10. Statistical Analysis
Depending on data distribution and variance, each extraction parameter 
was statistically analyzed with one-way ANOVA or Kruskal=Wallis 
(  = 0.05) to discover optimal extraction conditions. GraphPad Prism 
5 software (GraphPad Software Inc., San Diego, CA, USA, Windows 
Version 5.01) was used to aid the analysis.

3. RESULTS AND DISCUSSION

3.1. Comparison of SAE with SM and UAE
Organoleptically, roselle calyx extracts had a similar dark red color 
with a pH of 3.16=3.18 for all selected extraction methods [Figure 2]. 
However, SAE produced ones with the highest total anthocyanin 
content of 3.79 mg/g, which was significantly different from the UAE 
and SM outputs, 3.33 and 3.18 mg/g, respectively. Figure 3 presents 
the typical visible spectra of roselle calyx extracts at pH of 1.0 and 4.5.

These total anthocyanin contents corresponded to antioxidant activities 
in that SAE also created the most potent extract at low concentrations. 
As indicated by the IC50 values [Figure 4], the order of potency from 
highest to lowest was SAE (IC50 = 561 ppm), UAE (889 ppm), and SM 
(931 ppm). Therefore, SAE was chosen as the extraction method for 
the next stage of this research.

Conventional extractions such as maceration, infusion, digestion, 
decoction, percolation, and Soxhlet extraction are currently the most 
popular methods used worldwide [22,23]. Maceration is a solid-
liquid extraction that immerses plant parts/ingredients in a solvent 
for a predefined time. In a maceration, compounds are removed 
from within plant cells in three steps: penetration of solvent into 
cells, dissolution of compounds by solvent, and diffusion of 
miscella (solvent containing the said compounds) out of cells. The 
process efficiency can be improved in several ways, including 
stirring and increasing temperature. However, because anthocyanins 
are less stable in solutions at high temperatures [24], modifying 
the extraction method with stirring is the rational alternative. This 
research confirmed that SAE has better efficiency than the other 
conventional method (SM) and even the non-conventional method 
(UAE). This result matches previous research findings, where 
SAE proves more effective in extracting rosmarinic acid than 
conventional maceration (SM), heat reflux extraction (HRE), and 
MAE [25]. SAE has great potential to be used in industry, especially 
in the natural dye industry, because this extraction method has low 
instrumentation costs.

3.2. Effects of Different SAE Solvents on Roselle Calyx Extracts
Anthocyanin is a compound of the subclass flavonoids with good 
solubility in water and organic solvents such as methanol, ethanol, 
acetone, or mixtures thereof [6,23]. However, because methanol and 
acetone can lead to toxicity, a mixture of water and ethanol in various 
concentrations was used in this research. Roselle calyx extracts 
procured with 50% ethanol were dark red, while those with 70% and 
95% ethanol were red and bright red. Extraction with 50% ethanol 
also created higher pH (3.01) than with 70% and 95% ethanol (2.84 
and 2.7) [Figure 5].

This trend was also seen in total anthocyanin contents [Figure 6]. 
Extraction with 50% ethanol produced higher anthocyanins than 70% 
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and 95% ethanol, which were 3.48, 2.99, and 0.61 mg/g. These results 
are in accordance with the previous studies which conclude that the total 
anthocyanins extracted decrease with high ethanol concentrations [26]. 
Accordingly, 50% ethanol was the solvent of choice for optimized 
extraction. Adding acids to 50% ethanol can also improve extraction 
efficiency. Tartaric acid increased the total anthocyanin contents to 
3.89 mg/g (11.78%), while citric acid elevated them to 4.33 mg/g 
(24.43%). Besides, extracts drawn with 50% ethanol acidified with 
tartaric acid and 70% ethanol exhibited the highest antioxidant 
activities, as evident in their respective IC50 values that were equivalent 
to 430 and 500 ppm of the crude drug. Meanwhile, those extracted 
with 95% ethanol showed the lowest antioxidant activities with an IC50 
equivalent to 6989 ppm of the crude drug.

In general, it can be inferred that a higher percentage of water in 
the water-ethanol solvent makes a more efficient extraction of 
anthocyanins. It is because the main anthocyanins in nature including 
roselle are glycosides with polar structure, namely, delphinidin-3-O-
sambubioside and cyanidin-3-O-sambubioside [7, 27]. The addition of 
acids also increases efficiency. Anthocyanin forms flavylium cations at 
lower pH (pH = 3), making it far more soluble in water. Furthermore, 

an acidic environment keeps the flavylium ion stable and increases the 
intensity of anthocyanin=s red color [28]. The use of weak acids (e.g., 
acetic acid, citric acid, or formic acid) is more preferable, because 
the use of strong acids can cause destabilization of the anthocyanin 
molecules [23]. Other researchers have used solvents acidified with 
citric acid to increase the efficiency of anthocyanin extraction, both 
from roselle and other plant materials [26,29,30]. Therefore, 50% 
ethanol acidified with citric acid was chosen as the SAE solvent for 
the next steps of this study.

3.3. Effects of SAE Time Improvements on Roselle Calyx 
Extracts
Drawing out compounds from plant cells requires a sufficient time of 
contact between solvent and crude drug. Conventionally, maceration 
can take 1 h to 5 days to complete. A long extraction can, however, 
degrade particular compounds in extracts [22]. Therefore, SAE is 
expected to cut the required time, and for this reason, its efficiency in 
extracting anthocyanins in 10=20 min was evaluated. The results are 
presented in Figures 7 and 8.

Roselle calyx extracts from 10, 15, and 20 min of SAE had the same 
color, dark red, but the pH level tended to increase over the extraction 
time [Figure 7]. SAE conducted for 15 min produced anthocyanins 
higher than in shorter extraction time, 10 min. However, this trend 
did not continue to 20-min extraction because the total anthocyanin 
was lower. Anthocyanins are found in the vacuoles of plant cells. To 
bring them out from the plant cells, sufficient contact time between 
solvent and plant materials is required [23]. However, the long times 
of extraction could lead to the breakdown of the structures of sensitive 
compounds, such as cyanidin-3-O-glucoside [26].

On the contrary, the 10-min extraction gave the highest antioxidant 
activity [Figure 8]. Aside from anthocyanins, roselle also contains other 
phenolics, flavonoids, and organic acids acting as antioxidants [9]. 
These compounds were predicted to be extracted more in 10 min than 
15 min. Because the 15-min extraction yielded the highest anthocyanin 
level, SAE in the next stage of this research was conducted in 15 min.

Figure 2: Organoleptic properties and pH levels of roselle calyx extracts 
derived from simple maceration, stirring-assisted extraction, and ultrasound-

assisted extraction.

Figure 3: Typical visible spectra of roselle extract at pH of 1.0 and 4.5.

Figure 4: Anthocyanin levels and antioxidant activities of roselle calyx 
extracts derived from simple maceration, stirring-assisted extraction, and 

ultrasound-assisted extraction. Data were obtained from the mean = standard 
deviation of triplicate measurements (n = 3). Different notations or symbols 
on each graph indicate a significant difference among different extraction 
methods for the same response measured by least significant difference 

test (P
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Figure 5: Organoleptic properties and pH levels of roselle calyx extracts 
derived from stirring-assisted extraction with 50, 70, and 95% ethanol (EtOH) 

and the addition of citric acid and tartaric acid.

Figure 6: Anthocyanin contents and antioxidant activities of roselle calyx 
extracts derived from stirring-assisted extraction with five different solvents. 

Data were obtained from the mean = standard deviation of triplicate 
measurements (n = 3). Different notations or symbols on each graph indicate 

a significant difference among different solvents for the same response 
measured by least significant difference test (P

Figure 7: Organoleptic properties and pH levels of roselle calyx extracts 
derived from stirring-assisted extraction with the solvent of 50% EtOH = 

citric acid for 10, 15, and 20 min.

3.4. Effects of Ratios of Crude Drug Weight and Solvent 
Volume on Roselle Calyx Extracts
Effects of different S/L ratios (1:5, 1:10, 1:15 g/mL) in anthocyanin 
extraction on roselle calyx extracts are illustrated in Figures 9 and 10. 
There was no significant visual difference in extract color, and none 
was detected in the liquid pH levels [Figure 9]. Nevertheless, extraction 
with a smaller S/L ratio (1:15 g/mL) created a higher anthocyanin level 
and a more potent antioxidant [Figure 10].

A hypertonic environment needed for imparting colors will take form 
unless the S/L ratio is insufficient to fill up the crude drug. In this case, the 
compound will be kept inside the crude drug=s vacuole. However, if the 
crude drug-solvent combination reaches a certain ratio, plant cells will 
absorb the solvent rapidly and swell to the point of bursting, where the 
compound is simultaneously released inside the vacuole [13]. Therefore, 
the S/L ratio of 1:15 g/mL was chosen for the next step of extraction.

Crude drug characteristics also determine what S/L ratio is most favorable. 
For example, previous research found that relative to 1:5 and 1:10, the 1:2 
ratio is optimal for extracting anthocyanins from fresh roselle calyces. 
However, 1:10 gives a better condition for dried calyces than 1:5 [14].

3.5. TLC Profile of Roselle Calyx Extracts
The dual functions of roselle calyx extracts, as colorant and bioactive 
agent, are determined by its major compound, namely, anthocyanins, 

phenolic acids, and flavonoids [10]. Therefore, the TLC profile 
of anthocyanins and phenolic acids was detected in this current 
research using cyanidin-3-O-glucoside (PhytoLab GmbH & Co. KG, 
Vestenbergsgreuth, Germany), chlorogenic acid (Sigma Aldrich Co.), 
and caffeic acid (Sigma Aldrich Co.) as reference compounds. TLC 
fingerprints of roselle calyx extracts showed that SAE with non-
acidified ethanol solvents (tracks A-E) gave a similar anthocyanin 
pattern [red spots on Figure 11i], except for 95% ethanol (track E). 
Extraction with acidified ethanol solvents (tracks F-K) also shared 
a similar pattern: Poor separation of the anthocyanin compounds. In 
addition to anthocyanins, TLC fingerprinting also detected chlorogenic 
acid and caffeic acid in all the extracts, indicated by fluorescent bluish 
green spots [Figure 11ii].

The limitation of this research is that the extraction optimization was 
carried out on a small scale or laboratory scale. The optimal conditions 
obtained cannot be directly applied to industrial scale. Therefore, 

Figure 8: Anthocyanin contents and antioxidant activities of roselle calyx 
extracts derived from 10 to 20 min of stirring-assisted extraction using 50% 

ethanol solvent acidified with citric acid. Data were obtained from the mean = 
standard of triplicate measurements (n = 3). Different notations or symbols on 
each graph indicate a significant difference among different SAE time for the 

same response measured by least significant difference test (P
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Figure 9: Organoleptic properties and pH levels of roselle calyx extracts 
derived from 15-min stirring-assisted extraction using the solvent of 50% 

EtOH = citric acid and the S/L ratios of 1:5, 1:10, and 1:15 g/mL.

optimization of extraction on an increased scale needs to be performed 
further. SAE is proven to be easier to implement, lower investment, and 
more efficient than non-conventional method (UAE). To improve the 
results of this study, further research needs to be carried out to optimize 
other SAE variables, for example, stirring speed. Optimization on a 
larger scale, optimization of evaporation, and drying conditions of 
roselle extract are also worthy of further investigation.

4. CONCLUSION

In this study, conditions for extracting anthocyanins from roselle 
calyces have been optimized. The method of choice is SAE for 
15 min using 50% ethanol solvent acidified with 2% citric acid 
and a S/L ratio of 1:15 g/mL. This conventional method proves 
more effective than SM and UAE. Furthermore, the optimal 
conditions identified in this study are suitable for extraction on a 
laboratory scale without sophisticated instrumentation, which can 
be scaled up for the mass production of natural colorants in the 

food and pharmaceutical industries. To address this need, further 
optimization of the extraction conditions on an increased scale is 
highly recommended.
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Figure 10: Anthocyanin contents and antioxidant activities of roselle calyx 
extracts derived from 15-min stirring-assisted extraction using 50% ethanol 

solvent acidified with citric acid and the S/L ratios of 1:5, 1:10, and 1:15 g/mL. 
Data were obtained from the mean = SD of triplicate measurements (n = 3). 

Different notations or symbols on each graph indicate a significant difference 
among different S/L ratio for the same response measured by least significant 

difference test (P

Figure 11: Thin layer chromatography fingerprints of roselle calyx extracts 
(A-K) with three reference compounds: cyanidin-3-glucoside (Si), chlorogenic 
acid (Kl), and caffeic acid (Kf). Fingerprints are observed under visible light 

(i) and ultraviolet 366 nm after derivatization with NP/PEG (ii). Conditions of 
extraction (method, solvent, time, S/L ratio) for samples A-K are as follows 
SM, 70% EtOH, 15 min, 1:10 g/mL (A); stirring-assisted extraction (SAE), 

70% EtOH, 15 min, 1:10 g/mL (B); UAE, 70% EtOH, 15 min, 1:10 g/mL (C); 
SAE, 50% EtOH, 15 min, 1:10 g/mL (D); SAE, 95% EtOH, 15 min, 1:10 g/mL 
(E); SAE, 50% EtOH = CA, 15 min, 1:10 g/mL (F); SAE, 50% EtOH = TA, 

15 min, 1:10 g/mL (G); SAE, 50% EtOH = CA, 10 min, 1:10 g/mL (H); SAE, 
50% EtOH = CA, 20 min, 1:10 g/mL (I); SAE, 50% EtOH = CA, 15 min, 

1:5 g/mL (J); SAE, 50% EtOH = CA, 15 min, 1:15 g/mL (K).
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