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Abstract

Citrus aurantifolia peel is rich in phytoconstituents that have varying pharmacological activities. Standardizing extraction
methods will affect the consistency of the active compound, hence influencing the consistency of the efficacy of the raw
materials in natural medicine preparations. The main purpose of this study was to evaluate the content of flavonoid total,
hesperidin, and saponin in aqueous extracts of C. aurantiifolia peel under various extraction method conditions. Aqueous
extracts were prepared by maceration at room temperature, digestion, 60°C, boiling water temperature and ultrasonication. All
extracts were evaluated for phytoconstituents content, total flavonoid content (using AlCls reagent), hesperidin content (by
TLC densitometry) and saponin content (using Liebermann-Burchard reagent). Phytochemical screening test results showed
that all extracts contained flavonoids, saponins and steroids. Extract 60°C has the highest flavonoid concentration (15.51 +
1.13 mgQE/g extract). The greatest hesperidin levels were found in boiled water (0.31 £ 0.05%). Both assays found that
increased temperatures increase the extractable flavonoid components and hesperidin levels. In contrast, the unheated extract
had the greatest saponin concentration (6.60 + 0.01%). This research indicates that the extraction temperature will affect the
concentration of extracted water substances. Hesperidin and saponin can be considered markers of C. aurantiifolia peel in the
production of herbal preparations.

Keywords: Key lime; Phytoconstituent; TLC-densitometry; Standardized extract

many polyphenolic compounds, essential oils, and
flavonoids, such as naringin, hesperidin, naringenin,
hesperitin, rutin, nobiletin, tangeretin, which have
bioactivity as antioxidants, nephroprotectors, inhibit breast

Introduction

Citrus aurantiifolia, commonly known in Indonesia as
“jeruk nipis”, is a citrus revered not only for its culinary

uses but also for its therapeutic properties derived from
various parts of the plant. This plant holds significant
horticultural importance. Indonesia's tropical climate is very
conducive for the planting of this lime as it will grow well in
fertile, well-drained soil, abundant sunlight, and evenly
distributed rainfall throughout the year. C. aurantiifolia
begins to produce fruit after about 2-3 years of planting.
Fruit harvesting can take place throughout the year, with
peak production usually occurring during the dry season
(Sari et al. 2020; Indriyani et al. 2023).

Generally, C. aurantiifolia peel and seed are by-
products that amount to over 50% of the total weight of the
citrus fruit. On the other hand, C. aurantiifolia peels contain

cancer, insecticidal, inhibit the growth of bacteria, viruses
and fungi (Fouad and Camara 2017; Ko et al. 2020; Koolaji
et al. 2020; Liu et al. 2021; Oyinloye et al. 2024,
Sandhiutami et al. 2024).

Saponins are secondary metabolite organic compounds
in the form of glycosides that have at least one glycosidic
bond at C-3 between the aglycone and the sugar chain.
Hydrolysis of saponins yields two parts, a non-saccharide
and a sugar group. The aglycone part (the part of the
hydrocarbon skeleton without the sugar chain) is called genin
or sapogenin. Saponins can be divided into three main classes
based on their sapogenin type: Triterpenoid glycosides
(mainly found in dicotyledons), steroids (mainly found in
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monocotyledons) and alkaloids (Aziz et al. 2019). Saponins
possess the effects of inhibiting glucose absorption, lowering
cholesterol, being anticancer, insecticide, antihelminthic,
molluscicide, anti-bacterial, anti-fungal and anti-viral.
Triterpenoid aglycone compounds in Citrus sp. are
limonoids that cause bitterness in citrus peels and seeds
(Netala et al. 2015; Indriyani et al. 2023). Flavonoids are a
group of naturally occurring compounds that are frequently
present in foods of plant origin. Flavonoids have a variety of
biological effects on numerous mammalian cell systems, in
vitro as well as in vivo. They have been shown to exert anti-
inflammatory, antiallergic, antiviral, antibacterial,
antioxidant and anticancer activities (Musumeci et al. 2019;
Wang et al. 2019; Koolaji et al. 2020; Zaim et al. 2023).
Hesperidin = or  5,7,3'-trihydroxy-4'-methoxyflavanone-7-
rhamnoglucoside is one of the most abundant natural
flavonoids and is present in a large number of fruits and
vegetables, especially in peel and pith of Citrus sp. such as
C. aurantium and C. aurantiifolia, etc. Some authors
reported that hesperidin has bioactivity such as antioxidant
activity and radical scavenging, nephroprotector, anti-
inflammatory, antiallergic, antihypertensive, antimicrobial,
hypolipidemic, anticarcinogenic, skin care and vasodilatory
properties that prevent oxidant injury and cell death by
several mechanisms (Foudah et al. 2021; Choi et al. 2022;
Pyrzynska 2022; Rodrigues and Pintado 2024).

Medicinal herbs from natural products contain various
compounds and have varying bioactivities. Despite the
different indications and purposes of the preparations, the
method of manufacturing is generally the same. Preparation
techniques for natural medicinal raw materials include the
selection of appropriate solvents, extraction methods,
phytochemical screening procedures, fractionation methods,
and identification techniques. It is expected that the proper
preparation method will produce products with good quality
efficacy. Establishing a roadmap and research design is
important before producing natural medicine preparations
(Abubakar and Haque 2020). A number of studies have
shown that extraction methods that have been carried out on
C. aurantiifolia peel, for instance, soaked in aqueous
methanol (80% v/v) for 72 h at room temperature, produce
extracts that attenuate nephrotoxicity (Oyinloye ef al. 2024).
Methanol extract has strong activity as an antioxidant and
anticholinesterase (Loizzo et al. 2012). Ethanol-water
extract (60%) has strong antioxidant activity (Zaim et al.
2023). In Indonesia, most manufacturers of natural
medicines and nutraceuticals favor water as a menstruum
due to various considerations such as cost, safety, efc.

Based on the explanation above, this study reveals the
content of C. aurantiifolia peel aqueous extract including
phytoconstituent content, total flavonoid content, hesperidin,
and total saponin from 5 variations of extraction methods
including room temperature maceration (ERT), digestion
(E40), 60°C temperature (E60), water boiling point (Ebt)
and Ultrasound Extraction (Eu). It is also important to
investigate this before commercially producing it. C.

aurantiifolia has great development potential and wide
application in the future for this economically important crop
worldwide, and its demand is huge as a fresh product or
formula for food, health care products, or pharmaceuticals.

Materials and Methods
Experimental material

Fresh fruits of C. aurantiifolia (aged +4 months) were
harvested from Bogor, Indonesia, GPS coordinates: latitude
6°41° S, longitude 106°47° E, identified at Herbarium
Depokensis (UIDEP), Biology Department, Universitas
Indonesia (No. 1024/UN2.F3.11/PDP.02.00/2024). The
fruits were washed and peeled. The peels were chopped and
dried using a food dehydrator (Wirastar FDH16, Indonesia)
at 45°C, then ground and called CaP.

Production of aqueous extracts at different temperatures

Extraction was carried out using 200 g of CaP dry powder
with water as the menstruum. Methods included kinetic
maceration at room temperature (Ert) using a shaker at 450
rpm for 3 h; extraction at 40°C (E40), 60°C (E60) and water
boiling point (Ebt) using a water bath; and ultrasonication
(Eu) at 30°C, 40 kHz frequency and 100% power (Hielscher
UP 200St, Germany). All extractions were repeated twice.
Each extract was dried using a food dehydrator at 45°C for
+48 h.

Phytochemical screening of CaP aqueous extracts

Qualitative tests of phytoconstituents in all CaP extracts
included the identification of alkaloids, flavonoids,
saponins, and triterpenoids/steroids using standard
laboratory procedures (Yunitasari et al. 2022).

Determination of compound content of CaP aqueous
extracts

a. Determination of Total Flavonoid Content/TFC
(Desmiaty et al. 2024). A solution of the CaP extract in
ethanol (1500 ppm) was pipetted (Finnpipette™, Thermo
Scientific, Finland) in 50 x«L aliquots and added with 50 uL
of 2% AICI;s reagent. The solution was then allowed to stand
for 15 min in a light-protected area, and the absorbance was
measured at a wavelength of 435 nm using a 96-well
microplate reader (Thermo Scientific Multiskan™ GO,
Finlandia). The absorbance data were compared with the
absorbance curve of quercetin (final concentration 15-90
ppm). Total flavonoid content was expressed as mg
quercetin equivalent (QE)/g dry powder.
b. Determination of Total Saponin Content TSC (Mora-
Ocacion et al. 2022).

A solution of CaP extract in methanol:water 1:1 (3000
ppm) was pipetted as 1 mL and Liebermann Burchard
reagent (16.7% acetic anhydride in concentrated sulfuric
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acid) was added as 3.5 mL. The solution was allowed to
stand for 30 min at room temperature, and the absorbance
was measured with a UV-Vis spectrophotometer (Shimadzu
UV-1800, Japan) at a maximum wavelength of 438 nm. The
actual absorption data was compared with the absorption
curve of saponin (25-45 ppm) tested in the same way. The
real absorption values were calculated by the formula: AR =
AM - ARC - AP; which AR = actual absorption; AM =
measured sample absorption; ARC = reagent sample
absorption and AP = blank absorption.

c. Determination of Hesperidin quantity (HC) by TLC
densitometry (Alam et al. 2014).

A concentration series of hesperidin solution in
methanol (37.5-187.5 ppm) was prepared. A solution of CaP
extract in methanol 25000 ppm, was also prepared.
Quantitative TLC was performed using pre-coated
aluminum sheets, TLC-Silica gel 60 GF254 (Merck,
Darmstadt, Germany), and developed using mobile phase
ethyl acetate:methanol:water (15:3:2). The
spectrodensitograms were observed under a UV lamp 366
nm (Camag, Muttenz, Switzerland), then were recorded, and
the maximum chromatography response was carried out
at 288 nm using a TLC densitometer (Camag TLC
Scanner 3, Switzerland). The % hesperidin content in
CaP extract was calculated by comparing the area of the
chromatogram at the same retention time to the
reference calibration curve.

Statistical analysis

Regression linear analysis and comparison between assay
values were calculated using one-way ANOVA with Tukey
post-hoc comparison test and Pearson’s correlation using
GraphPad Prism software. A probability value < 0.05 was
considered statistically significant. The standard deviation
was calculated for each data point.

Results

The yields of CaP extracts obtained based on different
extraction temperatures were Ebt > E40 > E60 > Ert > Eu
(Fig. 1). The screening of phytochemicals was conducted to
identify the phytoconstituents contained in the dry powder
and aqueous extract of CaP and showed the presence of
flavonoids, saponins, and triterpenoids/steroids (Table 1).

In this current research, the calibration curve of
quercetin in the determination of total flavonoid content
showed R? = 0.9859. The water extract with the highest
flavonoid content was E60 (15.5096 = 1.13 mg QE/g) (Fig.
2). There is a significant difference in total flavonoid
content in E60 with other extraction methods.

The saponin calibration curve (Fig. 3), obtained the
regression equation y = 0.0213x - 0.2677 where the x value
shows the saponin concentration of the extract and the y
value of the absorbance of the extract with a correlation
coefficient value of 0.9809 which shows that there is a

Table 1: Phytochemical screening in the dry powder and aqueous
extract of CaP

Sr. No. Phytochemical screening Dry powder Ert E40 E60 Ebt Eu
1 Alkaloid - - - - - -

2 Flavonoid + + 4+ o+ o+ 4+
3 Saponin + + + 4+ 4+ 0+
4 Steroid/Triterpenoid + + + 4+ 4+ o+

(+) detected compound; (-) undetected compound. Ert = Extraction at room
temperature, E40 = digestion, E60 = 60°C, Ebt = water boiling temperature and Eu =
ultrasonication
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Fig. 1: Yield of aqueous extract of CaP
Ert=Extraction at room temperature, E40 = digestion, E60 = 60°C, Ebt = water
boiling temperature and Eu = ultrasonication

relationship between the concentration of saponin standard
solution and the absorbance so that it can be used to
determine the total saponin content of lime peel extract. The
saponin assay demonstrated that the saponin content was Ert
> E60 > Eu > E40 > Ebt and the saponin value in Ert is
significantly different from other methods

Before the determination of hesperidin levels by TLC
densitometry, mobile phase optimization was carried out
and the best mobile phase obtained was ethyl acetate:
methanol: water (15:3:2). Maximum absorption wavelength
optimization was also performed using a densitometer and
the Amax of 288 nm was obtained, which was then used in
the following analysis. The standard hesperidin calibration
curve obtained a regression equation y = 54.488x + 1733.3,
where the x value was the hesperidin content, and the y
value shows the area of the extract with a correlation
coefficient value of R = 0.9699. The determination principle
of hesperidin content by densitometry is to compare the area
of the concentration series of the hesperidin reference
standard and extract at the same Rf. The quantity of
hesperidin showed a different pattern from the contents of
total flavonoids and saponins, i.e., Ebt = E60 = Eu > E40 >
Ert (Fig. 4). The analysis showed that the levels of
hesperidin in Ebt were not significantly different from those
in E60 and Eu. This indicates that there is a dose-dependent
temperature for the hesperidin extraction procedure.
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Fig. 3: Determination of Saponin Content in CaP aqueous extract

*Significantly different using one-way ANOVA followed by the Tukey test for multiple comparisons at P_< .05, performed using GraphPad Prism version 9.5.1. Ert =
Extraction at room temperature, E40 = digestion, E60 = 60°C, Ebt = water boiling temperature and Eu = ultrasonication
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Fig. 4: Hesperidin content in CaP aqueous extract
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*Significantly different using one-way ANOVA followed by the Tukey test for multiple comparisons at P_< .05, performed using GraphPad Prism version 9.5.1. Ert =
Extraction at room temperature, E40 = digestion, E60 = 60°C, Ebt = water boiling temperature and Eu = ultrasonication

Discussion

To obtain medicinal plant products, the raw material
preparation process is the first and key step in achieving
optimum and expected conditions. This preparation process
includes determining the appropriate extraction method and

determining the quality and quantity of bioactive
compounds (Abubakar and Haque 2020; Milenkovi¢ ef al.
2025). The yield of each extraction indicates that the boiling
point of water produces the best rendement and is also in
accordance with traditional usage. Temperature affects the
yield and the bioactive compounds contained therein.
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Increasing the temperature will give effective extraction,
which is also reported by several other studies (Dar et al.
2015; Sulaiman et al. 2017; Desmiaty et al. 2025).

Measurement of total flavonoid concentration was
performed by the colorimetric method using aluminum
chloride reagent and quercetin as reference. The reaction
principle is the formation of an aluminum chloride ion
complex with the keto group at the C-4 atom and the -OH
group at the C-3/C-5 atom of the flavone or flavonol
compound. This complex will shift the wavelength of
maximum absorption (yellow solution) and measure the
absorption at 435 nm (Sari et al. 2023). Based on previous
research, it is known that the total flavonoid content in the
70% ethanol extract of C. aurantiifolia fruit peel is higher
than flesh extract (Desmiaty et al. 2024). Fig. 2 indicates
that flavonoids are more water soluble at high temperatures.
Several studies have also stated that flavonoids increase in
content with increasing temperature up to the boiling point
of water (Luna ef al. 2020; Serea et al. 2022).

Saponins have many beneficial medicinal uses, such
as antidiabetic, antihypercholesterolemia, antioxidant,
antifungal, and anti-inflammatory. Saponins have also been
reported to have insecticidal effects, giving them potential
as natural insecticides. High concentrations of saponins can
serve as a good source for a variety of commercial uses
(Ezeabara et al. 2013; Yusoff et al. 2022). The total saponin
content in this study was assessed utilizing a colorimetric
method using Liebermann-Burchard reagent and saponin as
a reference. Experimental principle for the formation of
acetyl derivatives of acetylation reactions of OH groups
producing colorful rings in steroid and triterpenoid group
compounds using Liebermann-Burchard reagent with
noticeable brownish color changes. The absorbance of this
color alteration is then measured using a UV-Vis
spectrophotometer with a wavelength of 438 nm (Mora-
Ocacion et al. 2022). This study shows that extraction
methods with lower temperatures can increase saponin
levels, so that if saponin compounds will be used as bioactive
compounds from this lime peel, extraction methods
recommended at room temperature can be used and avoid
heating in the production process of herbal preparations.

Flavanones are the dominant flavonoids found in
citrus fruits, especially the compounds hesperidin and
naringin. Hesperidin is a flavonoid glycoside of hesperetin
with rutinose sugar, widely found in citrus peel and also
found in CaP. Hesperidin has several health benefits, such
as anti-inflammatory, anticholesterol, nephroprotector, and
antihypertensive, and has cytotoxic properties on cancer
cells (Samota et al. 2023; Desmiaty et al. 2024).

The Pearson’s correlation heatmap (Fig. 5) reveals a
strong negative correlation between saponin and hesperidin
content (r = —0.77, P < 0.05), suggesting an inverse
relationship possibly due to differences in polarity or
solubility during aqueous extraction. This finding indicates
that extraction temperature and solvent polarity significantly
influence the recovery of specific phytochemicals. A

FC (mg QE/g Extract)

Hesperidin Concentration (ppm)

Saponin conc (ug/mL)

Saponin conc (ug/mL)

TFC (mg QE/g Extract)|

1-0.5

Hesperidin Concentration (ppm)

— -1.0

Fig. 5: Heatmap correlation between Saponin, Flavonoid, and

Hesperidin content
Pearson’s correlation analysis, two-tailed, P < 0.05

moderate positive correlation was observed between total
flavonoid content (TFC) and hesperidin (r = 0.40),
indicating that hesperidin may contribute partially to the
overall flavonoid content, though other flavonoid
compounds are also likely present. In contrast, saponin and
TFC showed a negligible correlation (r = 0.04), implying
independent extraction behavior under the tested conditions.
These results emphasize the importance of optimizing
extraction parameters to selectively enrich desired
phytochemicals, which may exhibit differential solubility
profiles and thermal stability.

Conclusion

The experiment found that higher temperatures are better for
extracting hesperidin and total flavonoids, while saponins
are more effective at room temperature. The nitty-gritty of
this study is that the temperature of extraction affects the
extracted water substance concentration. Depending on the
targeted bioactive compounds, the extraction method needs to
be adjusted. When the target compounds are total flavonoids,
extraction at 60°C is selected, whereas when hesperidin
compounds are expected, extraction at boiling temperature is
used. In the case that the activity is generated by saponins
from CaP, maceration at room temperature is chosen.
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