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Abstract | Hibiscus sabdariffa or roselle is well known for its high antioxidant content. This species is originated 
in West Africa and spread to Asia by the colonials in 1700s. The optimal conditions for the preparation of 
dried materials for further processing and suitable drying techniques while preserving their antioxidants have 
yet to be inferred. Thus, the present study aims to determine the content and activity of the antioxidants in 
fresh and dried roselle calyx. The random sampling technique was applied by collecting the calyx roselle from 
different plants. Calyx samples were labeled as fresh calyx (FC), air-dried (AD), oven-dried (OD), and freeze-
dried (FD) according to treatments. Four extracting solvents, which were methanol, ethanol, aqueous, and 
hexane, were evaluated for their efficiency in extracting antioxidant components from the differently treated 
roselle calyx, and these extracts were used to determine antioxidant activities and contents by assessing DPPH 
scavenging activity, total phenolic content (TPC) and total flavonoid content (TFC). Next, the samples were 
subjected to qualitative phytochemical screenings. DPPH scavenging activity was the highest in an FC sample 
extracted by methanol with 81.697 mg/mL. The highest TPC was measured in an OD sample extracted by 
ethanol (172.04 ±0.43) and the most TFC was found in FC ethanol extract (22.9±0.03). Among the fresh calyx 
and three drying methods investigated, FC in ethanol produces the highest potential in antioxidant activity, 
followed by FD, AD and OD. Phytochemical screening tests found that the fresh and freeze-dried calyx 
possessed important antioxidative metabolites such as anthocyanins, tannins, saponins, glycosides, flavonoids 
and terpenoids. The findings demonstrated that fresh calyx retained the highest antioxidant capacity, thus 
providing insights into post-harvest processing of the calyx.
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Introduction

Roselle (Hibiscus sabdariffa L.) is a Malvaceae 
(cotton or okra) family member and can be an 

annual or perennial shrub. It is a primary profit crop 
in China, Sudan, and Thailand, but it is considered 
an orphan crop in many tropical countries. Roselle is 
considered traditional medicine and has been used to 
treat sore throat problems and heal wounds (Singh et 
al., 2017). For instance, tea made from dried calyx is 
a standard beverage in Thailand and Sudan. Sudan is 
Africa’s leading roselle producer, with the flower and 
calyx having numerous uses in the food and beverage 
industry. The roselle calyx is commonly harvested as 
soon as it shows signs of maturity to maintain its quality 
(Tandoh et al., 2022). Roselle’s physical properties 
differ according to its moisture content. Size, weight, 
pH, anthocyanin concentrations,  titratable acidity, 
soluble solids, organic acids, and sugars were used to 
evaluate the physicochemical properties of Malaysian 
roselle. Oxalic acids and succinic  are the most 
predominant organic acids in roselle, with glucose 
being the most abundant carbohydrate (Aishah et al., 
2013).

This study assessed the antioxidant content and 
activity in freshly harvested and dried roselle calyx, 
both quantitative and qualitatively. Numerous 
previous research studies have found that roselle calyx 
has a relatively high antioxidant activity and content. 
A combination of antioxidants may provide the 
most effective barrier against oxidative stress-related 
disorders (Huang et al., 2009). An antioxidant is a 
redox-active substance that lowers oxidative pressure 
by responding to a receptive oxidant. Enzymatic 
antioxidants are essential enzymes that are naturally 
generated, such as superoxide dismutase (SOD), 
catalase (CAT), and glutathione peroxidase (GPx). 
They generally protect from free radicals and harmful 
inflammatory reactions (Pisoschi and Pop, 2015). It 
is also high in catalytic properties and is involved in 
eliminating specific free radicals (Couttolenc et al., 
2020). Non-enzymatic antioxidants are secondary 
metabolites that can exhibit the scavenging ability of 
oxidants. 

In order to provide the best post-harvest storage at a 
minimum loss, the roselle industries need to determine 
a natural, efficient and safe method. In addition, the 
method must consider the storage period, too. At the 
moment, an adequate drying and storage system for 

roselle calyx has yet to be studied, causing the current 
roselle industries to face significant loss of production. 
Also, the high moisture content in roselle calyx leads 
to the rapid deterioration of roselle calyx (Gomaa 
and Nahed, 2016). The previous research states that 
roselle is a perishable and non-climatic product 
that is exposed to rapid physiological deterioration 
after harvest. In response to this problem, this study 
proposes a suitable drying condition for roselle calyx. 
This study will also provide good opportunities to 
commercialize Hibiscus sabdariffa in the future so that 
it can be widely used as one of the natural antioxidants. 
This study on antioxidant content and activities 
in roselle calyx have beneficial input to the roselle 
producer. This is because the difference in antioxidant 
content will influence the effect of drying methods 
of the calyx as well as suggest the best conditions for 
marketing it. Subsequently, by mitigating post-harvest 
losses, the roselle producer can position Malaysia as 
the leading producer of roselle calyx. Further details 
from scientific studies on the antioxidant content 
and activities of Hibiscus sabdariffa extracts will be 
presented, expanding its commercial value. This study 
aims to identify the antioxidant content and activity 
of fresh and dried roselle calyx and determine the 
effects of drying on antioxidant contents and activity 
in roselle calyx.

Materials and Methods

Sample collection and preparation
The calyx samples of Hibiscus sabdariffa UMKL-1 
variety were collected from the Faculty of Bioresources 
and Food Industries farm (5.755048413750099, 
102.627941810822). The calyx was washed to remove 
dirt and contaminants. The calyx samples were 
designated as fresh calyx samples (FC), air-dried 
samples (AD), oven-dried samples (OD), and freeze-
dried samples (FD). The term “fresh calyx sample” 
(FC) refers to a sample in which the fresh calyx was 
processed immediately without undergoing drying. 
The Hibiscus sabdariffa air-dried sample (AD) was 
obtained by tapping the samples with a tissue after 
washing them and leaving them at room temperature 
(27–28°C) until completely dry. The oven-dried 
sample (OD) was prepared by keeping the calyces 
in an operational laboratory oven for three days. The 
temperature was kept at 60 °C until the weight was 
constant (Lema et al., 2022). The freeze-dried sample 
(FD) was prepared by placing the roselle calyces in 
the freezer at -80 oC for seven days. 
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Roselle extraction preparation
The roselle extraction was conducted using the method 
of Karimi and Moradi (2015). Ethanol, methanol, 
aqueous (polar solvents) and hexane (nonpolar 
solvent) were used as the extraction solvents. For the 
fresh calyx (FC) sample, the calyx was ground in the 
solvents by using a Waring blender with a ratio of 
1:50 (sample: solvents). The calyx was ground to form 
powder, which then macerated at a 1:50 (sample: 
solvents) w/v ratio at room temperature. The mixture 
was sonicated for 10 minutes and paused for 5 
minutes before being sonicated again for another 10 
minutes. This process was repeated three times. Next, 
the mixture was filtered through Whatman Filter No. 
1, and the filtrate was concentrated to dry in a rotary 
evaporator (Heidolph, Germany). The resulting crude 
extracts were kept at -20 °C before use. The percentage 
yield of the Hibiscus sabdariffa for each extraction was 
calculated using the formula:

DPPH radical scavenging assay
The assay was carried out using a slightly modified 
method published by Clarke et al. (2013). In a 96-
well microplate. Aliquots of 50 µL of each of the 
test samples and quercetin (positive control) serial 
dilutions (3.91, 7.81, 15.63, 31.25, 62.5, 125, 250, 
and 500 ppm) were added to separate well before 
adding 100 µL of 59 mg/L DPPH. A 30 minutes 
incubation followed this in the dark and absorbance 
measurement at 517 nm. The analysis was carried out 
in triplicates. The percentage inhibition was calculated 
from the formula.
 

Where, BR= Absorbance of reagent blank, S= 
Absorbance of samples and BS= Absorbance of blank 
sample

Total phenolic content 
The total phenolic content (TPC) was determined 
using the Folin-Ciocalteu technique (Miliauskas et 
al., 2004) and expressed as gallic acid equivalent (mg 
GAE/g). About 1 mL of gallic acid standard solution 
of different concentrations and the absorbance was 
measured at 765 nm to obtain a gallic acid standard 
curve. This was followed with 10 µL extracts and 100 
µL of 10% Folin-Ciocalteu reagents (v/v). Next, 80 

µL of Na2Co3 (7.5%) was added to the mixture and 
incubated at 45 °C for 40 minutes, and absorbance 
was measured again. Formula C = (c * V)/ m used. 
Where; C = Total Phenolic Content (mg/g), c = 
Concentration of gallic acid calculated from a standard 
curve (mg/mL), V = Volume of extracts (mL) and m = 
Weight of pure plant extract (g).

Total flavonoid content
The total flavonoid content (TFC) was determined by 
following a method described by Chang et al. (2002) 
and was expressed as quercetin equivalent (mg QE/g). 
About 1 mL serially diluted quercetin was added to 
separate wells of a 96-well plate and measured at 
595 nm to establish a standard curve. Next, 25 µL of 
extracts and 10 µL of 5% NaNo3 were added before 
incubating the mixture for 6 minutes in the dark at 
room temperature. Then, 15 µL of AlCl3 was added 
and incubated for 5 minutes at room temperature. 
Next, 50 µL of 1 M NaOH was added, and the mixture 
was gently agitated for 1 minute. The absorbance was 
read at 595 nm by using an ELISA reader. C = (c * 
V) /g formula was used. Where; C = Total Flavonoid 
Content (mg/mL), c = Quercetin concentration from 
standard curve (mg/mL), V = Volume of extracts 
(mL) and m = Weight of extract (g).

Qualitative phytochemicals screening
The standard procedures of the phytochemical test 
was carried out as described by Iqbal et al. (2015). 

Data analysis
All tests in the present study were conducted as 
triplicates. The data was analyzed by One-way 
ANOVA and Two-way ANOVA for single-factor 
and two-factor comparison, respectively, using SPSS 
version 25. Tukey post-hoc test was applied for 
multiple comparison analysis. The correlation analysis 
was conducted using Pearson’s correlation coefficient. 
Differences at p ≤ 0.05 were considered significant.

Results and Discussion

Extraction yields
Drying techniques are one of the main factors 
affecting extraction yield. The yield of sample calyx 
extracts resulting from different extraction solvents 
is summarized in Table 1. Overall, fresh calyx that 
did not undergo any drying process showed a higher 
percentage yield than the other sample. However, 
for the dried roselle calyx, freeze-dried showed the 



------ XXXX | Volume XX | Issue X | Page 113

Sarhad Journal of Agriculture
highest extraction yield. Based on Table 1, FD-EE 
produced the highest percentage. This is in agreement 
with a previous study by Phaechamud et al. (2012), 
which reported that freeze-dried extracts produce 
higher extraction yield than air-dried in their study in 
Sonneratia caseolaris flower.

Table 1: Percentage of extraction yield for fresh and dried 
roselle calyx.
Sample name Drying methods Extraction 

solvent
Extraction 
yield (%)

FC-ME Fresh calyx (FC) Methanol 48.8
FC-EE Ethanol 37.9
FC-AE Aqueous 23.5
FC-HE Hexane 17.32
OD-ME
OD-EE

Oven-dried 
(OD)

Methanol 30.4
Ethanol 33.1

OD-AE Aqueous 27.95
OD-HE Hexane 15.04
AD-ME Air-dried (AD) Methanol 29.98
AD-EE Ethanol 27.09
AD-AE Aqueous 23.32
AD-HE Hexane 8.92
FD-ME Freeze-dried 

(FD)
Methanol 43.35

FD-EE Ethanol 47.19
FD-AE Aqueous 20.66
FD-HE Hexane 11.18

According to a previous study, polar solvents such 
as ethanol and methanol were more efficient in 
producing high yields in plant material extracts such 
as leaves or petals. A more polar solvent was able to 
extract more secondary chemicals than a non-polar 
solvent, based on the data obtained. Polar substances 
that can dissolve include glycosides, sugar, amino acids 
(Hussein and El-Anssary, 2019), low and intermediate 
molecular weights and medium polarity phenolic 
compounds, anthocyanin, quacinoid, lacton, flavone, 
terpenoid, saponin, tannin, xantoxilin, phenone, and 
polyphenol (Widyawati et al., 2014). The present 
study also suggests that polar secondary metabolites 
are more abundant in H. sabdariffa calyx extracts 
than non-polar ones and organic solvents such as 
ethanol are superior in terms of recovering a larger 
extraction yield of antioxidant components from H. 
sabdariffa calyx extracts. Understanding that an ideal 
extraction yield may not necessarily result in increased 
antioxidant activity is important. Instead, it is possible 
that these solvents merely solubilize a wider variety 
of compounds, some of which may have negligible 
or no antioxidant activity. The method of drying the 

H. sabdariffa prior to extraction also affected the 
extraction yield. Fresh calyx had the highest extraction 
yield, while air-dried had the lowest.

Employing more advanced extraction techniques, 
such as microwave-assisted extraction (MAE) 
or ultrasound-assisted extraction (UAE), always 
increases cell wall disruption and surface contact 
between samples and solvents. This method improves 
extraction yield by lowering the internal and external 
mass transfer constraints. 

Dhanani et al. (2017) reported, ultrasound changes 
the physical and chemical compositions of plant 
materials, breaking down the cell wall. This process 
aids in releasing compounds and improves the 
solvent’s ability to penetrate plant cells. According 
to Rasul (2018), ultrasound treatments are cost-
effective, simple, and dependable, making them a 
viable alternative to traditional extraction methods.

DPPH free radical scavenging activity
The stable free radical 1, 1-diphenyl-2-picrylhydrazyl 
(DPPH) will decolorize when antioxidants are 
present. Proton radical scavenging is decreased by a 
protonated radical of DPPH that has the maximum 
absorbance at 517 nm. Thus, it is possible to evaluate 
how well natural antioxidants scavenge free radicals 
(Lalhminghlui and Jagetia, 2018). Theoretically, 
decolorization results from DPPH’s disappearance 
from absorption and stoichiometric electron uptake 
in the presence of a free radical scavenger (Adjimani 
and Asare, 2015). This study used the DPPH test to 
examine the potential for antioxidant activity utilizing 
different samples of H. sabdariffa calyx extract. The 
sample extracts’ DPPH radical scavenging activity 
was reported as an IC50 value. 

Table 2 shows that at 0.5 mg/mL concentration, 
FC-ME or undried calyx, exhibited stronger DPPH 
scavenging action with more than 80% inhibition. 
Subsequently, FD calyx exhibits increased scavenging 
action among the dried samples. At only 9% 
concentration, the AD sample extracted with hexane 
exhibited the lowest percentage inhibition. This 
suggests that the non-polar extract contains fewer 
possible chemicals or secondary metabolites that 
contribute to this activity, which is complimentary 
because hexane extracts produced lower extraction 
yields. The percentage inhibition demonstrated a 
significant difference (p < 0.05) among all samples.
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Table 2: Percentage inhibition of each sample.
Sample/ extraction 
solvents

DPPH free radical scavenging activity
FC AD OD FD

Inhibition (%) (0.5 mg/mL)
Methanol 81.69 43.88 65.11 40.48
Ethanol 63.85 54.85 25.01 72.19
Aqueous 50.37 11.35 26.89 27.72
Hexane 55.48 9.52 26.89 18.32
Quercetin 88.87

Among the samples tested, the fresh calyx with 
methanol extract did not undergo any drying method 
because it exhibited a low IC50 value (70 ug/mL), 
meaning that a minor concentration or amount is 
enough to indicate the high potential of antioxidant 
activity (Table 3). A previous study by Suryaningsih 
et al. (2021) reported that roselle calyx has a high 
potential for antioxidant activity. Moreover, many 
environmental factors might affect the breakdown 
and accretion of specialized metabolites, including 
heat, elevation, brightness, and water content (Li et 
al., 2020). 

Among the dried roselle calyces, the freeze-dried 
extract by ethanol has the highest percentage, 
indicating a much lesser concentration of sample was 
needed to reach IC50. This is because the degradation 
of antioxidant compounds was low due to the cold 
environment. The roselle calyx that was freeze-dried 
possessed more significant antioxidative activity due 
to a higher yield of bioactive compounds when dried 
at -80 oC (Dadi et al., 2019). 

A bioactive compound is a type of chemical present 
in minute quantities within plants and certain foods, 
including fruits, vegetables, nuts, oils, and whole 
grains. Bioactive substances function in the body in 
ways that benefit health. They are being researched 
for their prospect in preventing cancer, heart disease, 
and other disorders. Lycopene, resveratrol, lignin, 
tannins, and indoles are bioactive chemicals (Souza 
et al., 2020). Next, oven-dried samples extracted by 
ethanol had the highest IC50 (440 ug/mL), leading to 
the high concentration or amount of sample needed 
to indicate the high potential of antioxidants activity. 
This is because the high degradation of antioxidants 
compounds occurs in high temperatures, such as 
in laboratory ovens with temperatures above 40 oC 
(Hardinasinta et al., 2021). 

Heat treatment has been associated with denaturation 
of enzymes, reduced antioxidative capacities and 
impairment of phytochemical compounds (Mukhtar 
et al., 2020). Also, the loss in antioxidant activity 
will lead to the loss of other bioactivities (Luzia and 
Jorge, 2014). Then, the air-dried sample required 400 
ug/mL to reach IC50, which is much better than the 
oven-dried sample. Air drying, often conducted at 
lower temperatures, helps retain delicate antioxidants 
and phytochemicals susceptible to degradation under 
higher heat levels employed in oven drying. This 
gentler drying method is conducive to maintaining 
the overall antioxidant potential of the roselle calyx, 
resulting in enhanced DPPH scavenging activity. A 
previous study by Ahmed et al. (2016) reported that 
air-drying is a cheaper way to reduce moisture in 
herbs at moderate temperatures, which prevents the 
loss of active constituents. 

Total phenolic content
The TPC was determined using the standard plot’s 
regression equation (Figure 1) and expressed as 
GAE. Plant phenolic compounds are critical as 
main antioxidants or free radical scavengers (Lin 
et al., 2016). The antioxidant activity of phenolic 
compounds is mostly related to their redox potential 
through neutralization of free radicals, stabilization of 
reactive oxygens, and decomposition of peroxides.

Figure 1: Gallic acid calibration curve.

Table 3: IC50 value of samples and treatments. nd= not 
detected.
Sample/ 
solvents

DPPH free radical scavenging activity
FC AD OD FD

IC50 (µg/mL)
Methanol 70 400 nd nd
Ethanol 80 nd 440 320
Aqueous nd nd nd nd
Hexane 180 nd nd nd
Quercetin 25
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TPC is regarded as a quick and easy approach for 
determining total phenol in complex matrices such 
as leaves and petals. The TPC method was sensitive 
enough to estimate the total phenol in calyx samples 
(Aryal et al., 2019).

Overall, the FC contained the lowest phenolic 
content (Table 4, Figure 2) because the FC could not 
be the efficient extraction of the insoluble phenolic 
compounds. For FC, heat treatment that can dissolve 
the insoluble compound was not applied. The findings 
were parallel with Wang et al. (2021) in citrus, which 
reported that fresh citrus peel that was not exposed to 
heat contained a relatively low TPC. The OD samples 
had significantly (p ≤ 0.01) higher TPC than FC, AD 
samples, and FD of roselle calyces. The heat treatment 
applied in OD possibly assisted in the formation of 
phenolic glycans by breaking glycosidic bonds, which 
have higher affinity to the Folin–Ciocalteu reagent. 
Such findings were also reported in stinging nettle 
leaves, which reported that high-temperature dried 
leaves produced higher TPC content than fresh leaves 
(Garcìa et al., 2021). 

 
Figure 2: Total phenolic content in various calyx sample extracts.

The TPC has a significant difference (p ≤ 0.05) 
between the drying conditions and extraction solvents 
used with hexane being the least effective solvent 
and oven-drying being the most efficient method 
for recovering phenolic compounds. The recovery of 
polyphenols from plant materials depends greatly 
on the ability of the extraction solvent to solubilize 
phenolic compounds. This is similar to a study by 
Dirar et al. (2019), which found that the choice of 
solvent affected overall phenolics recovery. Other than 
that, the polarity of the solvent is critical in improving 
phenolics solubility (Muhamad et al., 2014). The 
results showed that a wide range of phenols might be 
dissolved more in the ethanol extracts.

Total flavonoid content
TFC was determined using the usual plot regression 
equation and reported as QE (Figure 3). Flavonoids, 
which have a benzo-y-pyrone structure, are the most 
common and widely dispersed phenolic chemicals 
(Kumar and Pandey, 2013). The TFC of calyx 
samples was determined using an AlCl3 method that 
was selective for flavones and flavonols. TFC can be 
measured in sample extracts via reaction with sodium 
nitrate, followed by the production of colored-
aluminium complexes under alkaline conditions using 
AlCl3, which can be detected spectrophotometrically.

Table 4: Total phenolic content of various calyx extract.
Sample 
name

Drying method Extraction 
solvent

TPC (mg 
GAE/g)

FC-ME Fresh calyx (FC) Methanol 53.53 ± 1.25 a

FC-EE Ethanol 61.66 ± 1.12 a

FC-AE Aqueous 55.38 ± 2.27 a

FC-HE Hexane 48.23 ± 2.69 b

OD-ME Oven-dried (OD) Methanol 160.49 ± 1.53 a

OD-EE Ethanol 172.04 ± 0.43 a

OD-AE Aqueous 148.58 ± 1.47 a

OD-HE Hexane 95.311 ± 2.90 b

AD-ME Air-dried (AD) Methanol 82.80 ± 2.09 a

AD-EE Ethanol 87.09 ± 2.10 a

AD-AE Aqueous 82.27 ± 2.81 a

AD-HE Hexane 12.19 ± 0.22 b

FD-ME Freeze-dried (FD) Methanol 105.38 ± 2.52 a

FD-EE Ethanol 109.57 ± 1.19 a

FD-AE Aqueous 98.23 ± 1.11 a

FD-HE Hexane 3.24± 0.95 b

Figure 3: Quercetin calibration curve.

Table 5 and Figure 4 shows the overall flavonoid 
content of the calyx extracts examined. There is 
statistically significant interaction between the 
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solvents and drying methods used (p=0.000). 

The results revealed that fresh calyx extracted with 
ethanol (FC-EE) has the highest source of flavonoids, 
with a total level of 22.9 mg QE/g whereas oven-dried 
calyx extracted with hexane samples had the lowest 
amount of flavonoid. Similar findings were reported 
by Kunyanga et al. (2011) which found that the 
ethanolic extract has the highest flavonoid content. 
This is associated with flavonoids requiring a less polar 
solvent or a higher proportion of ethanol, such as 100 
% ethanol (Al-Rimawi et al., 2017). Flavonoids play 
a key function in free radical scavenging, and they 
are the phyto components that should be studied for 
numerous biological activities. 

There was no significant difference between the type 
of drying conditions in extracting TFC in roselle 
calyx (p=0.160). However, it was shown that FC 
ethanolic extract has the richest source of flavonoids 
and is followed by FD, AD and OD. This is because 
the fresh calyx that was not dried did not receive 
the heat treatment that can degrade the phenolic 
compound. For the samples that undergo the drying 
process, FD had the highest TFC compared to the 
other drying methods consistent with Buitrago et al. 
(2019) which reported that the plant material that is 
fresh and stored in the freezer contains high amounts 
of flavonoid content. The results also showed that the 
OD sample has the lowest flavonoid content. Because 
many flavonoid compounds are heat sensitive. Previous 
study by Ioannou et al. (2020), flavonoid compounds 
easily degrade if exposed to high temperature.

Phytochemical tests
Phytochemical screening was performed on two 
best samples derived from the IC50 value of DPPH 
assay which were FCME and FDEE. The presence 
of chemical substituents in plant extracts are referred 
to as secondary metabolites, which hold various 
roles such as anticancer, antioxidant, antibacterial, 
and antifungal (Alabri et al., 2014). Most secondary 
metabolite components are commonly extracted from 
polar solvents. According to previous research by 
Hossain et al. (2013), the phytochemical constituents 
of plants is environmentally dependent. The 
environmental factors include vicinity, meteorological 
conditions, types of soil and seasons.

The phytochemical characteristics of fresh calyx 
methanol extract and freeze-dried ethanol extract 

tested were summarized in Table 6 and Figure 5. The 
results revealed the presence of most medically active 
compounds in both samples, with the exception of 
steroids. Anthocyanin can be found both in the fresh 
and freeze-dried roselle calyx. Anthocyanins are 
water-soluble pigments with color variations caused 
by differences in the acidity and alkalinity of the cell 
sap. Simple genetic alterations in species or varieties 
are linked to the formation of various anthocyanins 
(Mattioli et al., 2020).

Tannins were also found in both samples examined. 
Tannins are phenolics, and their variants are important 
free radical inhibitors (Formagio et al., 2014). Tannins 
have been linked to homeostatic functions, which aid 
in wound recovery and the improvement of irritated 
mucus membranes, as well as to inhibit the growth of 
unwanted pathogens (Hatil and Ahmed, 2015). 

The samples were also found to contain saponins, a 
secondary metabolite known for its role in reducing 
inflammation (El-Aziz et al., 2019). Saponins are 
usually associated with bitterness and can generate 
foams and bind to cholesterol and hemolysis (Yadav 
and Agarwala, 2011). Saponins are essential in cough 
treatment by alleviating bronchial pain. According 
to Singh and Chaudhuri (2018), saponins have been 
shown to boost liver health, prevent diabetes and 
inhibit fungus growth. However, there is limited 
scientific evidence that saponin contributes to 
antioxidant activity.

According to numerous studies, glycosides are 
known to reduce blood pressure (Curfman, 2020). 
Cardiac glycosides impede the pumping of sodium 
or potassium ions, increasing the concentration of 
Na+ in the myocyte and contributing to an increase 
in the total amount of calcium ions available to the 
heart muscles. This serves to positively facilitate heart 
functions by minimizing chest congestion. Controlled 
consumption of cardiac glycosides aids in arresting 
cardiac arrhythmias and strengthens a weak heart, 
allowing the heart to work more efficiently (Osman 
et al., 2017).

Correlation of TPC, TFC and DPPH free radical 
scavenging activity
Pearson’s correlation analysis was employed to see 
whether flavonoids or phenolics possibly contributed 
to the overall antioxidative activity of the roselle calyx. 
There was a medium positive correlation between the 
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TFC and DPPH radical scavenging activities (r = 
0.531. p ≤ 0.05) and instead, a negligible correlation 
between TPC and DPPH radical scavenging activities 
(r= 0.051, p= 0.850) (Table 7). This suggests that the 
antioxidant action of roselle calyx extracts may be 
attributed to flavonoids rather than phenolics. This 
was predictable as anthocyanin, which is a type of 
flavonoid, is abundantly present in roselle, and it has 
been proposed as a post-harvest biomarker for roselle 
calyx (Lema et al., 2022). Phenolics could possibly be 
found higher in leaf extract or white roselles.

Table 5: Total flavonoid content of various calyx extract.
Sample 
name

Drying meth-
od

Solvent TFC (mg QE/g)

FC-ME Fresh calyx 
(FC)

Methanol 20.9±0.06 b

FC-EE Ethanol 22.9±0.03 a

FC-AE Aqueous 20.6±0.05 b,c

FC-HE Hexane 20.0±0.00 c

OD-ME Oven-dried 
(OD)

Methanol 20.6±0.06 b

OD-EE Ethanol 22.0±0.05 a

OD-AE Aqueous 20.5±0.05 b,c

OD-HE Hexane 20.0±0.00 c

AD-ME Air-dried 
(AD)

Methanol 20.8±0.03 b

AD-EE Ethanol 22.4±0.07 a

AD-AE Aqueous 20.6±0.03 b,c

AD-HE Hexane 20.1±0.00 c

FD-ME Freeze-dried 
(FD)

Methanol 20.7±0.03 b

FD-EE Ethanol 22.4±0.01 a

FD-AE Aqueous 20.4±0.04 b,c

FD-HE Hexane 20.0±0.00 c

Table 6: Phytochemical test result. + indicates presence of 
phytochemicals, - indicates absence of phytochemicals.
Secondary 
metabolites

Fresh Calyx 
(Methanol extract)

Freeze-dried 
(Ethanol extract)

Anthocyanins + +
Tannins + +
Saponins + +
Glycosides + +
Flavonoids + +
Terpenoids + +
Steroids - -

Table 7: Pearson’s correlation coefficient (r) between 
TPC, DPPH and TFC of roselle extracts.

TPC vs. DPPH TFC vs. DPPH
r value 0.051 0.531
p value 0.850 0.034

Figure 4: Graph of total flavonoid content of various calyx extract.

(a) (b) (c) 

 
(d) 

 
(e) 

 
(f) 

 
Figure 5: Result for phytochemical test (a) anthocyanins (b) tannins 
(c) saponins (d) glycosides (e) flavonoids (f ) terpenoids.

Conclusions and Recommendations

In conclusion, the fresh calyx that was not exposed 
to heat treatment showed the highest percentage 
of inhibition, leading to the highest antioxidant 
content. The FC also had the most decadent amount 
of TFC, which was statistically insignificant. FD 
had a higher percentage of inhibition and TFC for 
the dried roselle calyx than AD and OD. In terms of 
extraction solvents, methanol is suggested as the best 
solvent to extract phenolic compounds, regardless 
of drying methods. As predicted, hexane was shown 
to be the least effective solvent for recovering both 
phenolics and flavonoids from roselle calyx, which 
was also explained by its low DPPH scavenging 
activity. In phytochemical screenings, anthocyanins, 
tannins, flavonoids, saponins, steroids, glycosides, 
and terpenoids were found. Based on this study, it 
is suggested that other methods or assays be used 
to assess the antioxidant activity of roselle, such 
as its antioxidative enzymatic activities. Further 
characterization of the compounds from the extracts 
is required by chromatography studies and nuclear 
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magnetic resonance (NMR).
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