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Abstract

Orange peel is a member of Citrus sinensis, the Rutaceae family, and is widely used for its nutritional
properties. Orange peels are the waste part of the fruit and contain various therapeutic molecules. Hesperidin and
naringenin are two flavonoids present in orange peel. The present study depicted the quantification of high-
performance thin layer chromatography of orange peel extract using hesperidin and naringenin. The HPTLC
densitometric analysis of the ethanolic extract of orange peel was carried out using a CAMAG HPTLC system,
Linomat 5 applicator, and Vision CAT software. The results were obtained in the form of chromatograms scanned at
254 & 366 nm. The Rf values of hesperidin were 0.5 with mobile phase Ethyl acetate: Methanol: Water (15:04:01)
and 25.93 nanograms in 1 mg of orange peel extract. Naringenin was quantified at 254 & 366 nm with Rf value 0.6 &
mobile phase used was Toluene: Ethyl acetate: Formic acid (12:8:1.6v/v/v), and 14.92 nanograms of naringenin were
found in 1 mg of orange peel extract.
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Introduction a-terpinolene. Orange peels contains compounds like
essential oils and pectin that have antibacterial activity
and can be used to prolong the shelf life of some food
products. Numerous extraction methods are employed
to extract natural chemicals from orange peels (7).
Flavonoids and phenolic acids are among the many

Oranges are currently the most produced fruit in
the world. Tropical and subtropical regions are home to
the sweet orange, Citrus sinensis, a citrus fruit that
belongs to the Rutaceaec family. Today, the world

produces around 110 million tons of citrus fruit per year ) ) i ;
(1). Orange juice will be made from about 8.3% (2 phenolic chemicals found in citrus fruit peels and seeds,

million tons) of the 24 million tons of oranges that are out of both flavonoids are more prevalent in the peel
anticipated to be produced globally in 2016-17 (2). than in the seeds (8_). Flavonoids are naturally occurring
However, as orange peels comprise around 44% of the compounds with different phenolic structures that are
fruit body, they will produce a large number of by- found in pllantS. They are oxidized by radicals to.form a
products. Since these orange peels are typically thrown less reactive and more stable radical. _They 1_nclude
away as waste, there may be major disposal issues (3). flavonols (such as kaempferol, quercetin, fisetin and
There are numerous techniques to prepare orange peels myricetin), flavonones (such as flavanone, hesperidin,
for use in cosmetics, medications, and food (4). Orange and naringenin), flavones (such as flavone, luteolin and
peel extracts are high in physiologically active aplgepln), and additional clas;es (9). Certain ﬂav0n01ds
substances, including phenolic acids and flavonoids, can directly scavenge superoxides, but other flavonoids
which have antioxidant, anti-inflammatory, anti- can scavenge peroxynitrite, a hlghly reactive radical
atherosclerosis and anti-carcinogenic potential, and they generated from oxygen. Epicatechin and rutin are also
are also a major source of dietary fiber (5). Orange peel powerful rgdlcal scavengers. Owing to its inhibition of
is a common waste product that contains both soluble the xanthine oxidase enzyme, rutin may possess
fibers like pectin and insoluble fibers, including lignin, scavenging capabilities (10). Numerous flavonoids,
cellulose, hemicellulose (6). Orange peels also contain such as apigenin, catechin, quercetin, naringenin, rutin,
bioactive chemicals and essential oils with antioxidant venoruton, and, have been demonstrated to possess
and antibacterial potentials, such as a- a-pinene, B- hepatoprotective qualities (11). Hesperidin is a

pinene, farnesene, limonene, y-terpinene, myrcene and flavanone glycoside found in several citrus fruits.
Among its many pharmacological activities are

antioxidant, anti-inflammatory, neuroprotective,
anticancer, and antiallergy (12). According to Wei et al.,
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inflammation (13). Citrus fruits, such as oranges and
grapefruit, and tomatoes are the main sources of
naringenin (4',5,7-trihydroxyflavonone). It comes in a
variety of conjugated forms, mostly as aglycone
glycosylated, neohesperidoside, which is derived from
phenylalanine, the aromatic amino acid (14). Each of
these forms has altered pharmacokinetic properties,
including absorption, distribution, metabolism, and
elimination. Grapefruits are the most common source of
naringenin, where it is present as "naringin," an inactive
glycone form. Naringin, a 4',5,7-trihydroxyflavonone 7-
rhamnoglucoside, (15). The most active aglycone form.
Naringenin is reported to enter the bloodstream fast due
to its easy absorption by the gastrointestinal tract. Ever
since its rapid absorption, Naringenin is the most
pharmacologically effective form of naringin (16). Two
intermediates, naringenin and rhamnose, are produced
shortly from naringin after consumption by the
intestinal bacterial naringinase enzyme (17).

Materials and Methods

Collection and authentication

The orange peels were collected from the local
market and authenticated by Dr. Nitin Dongarwar,
Department of Botany, Rashtrasant Tukadoji Maharaj
Nagpur University, Nagpur

Extraction

The orange peels were collected and shade dried
for 5 days. The dried peels were powdered using a
mechanical grinder into coarse powder (18). As per the
literature and our study revealed that the maceration is
the best process for extraction of phytochemicals. The
500 g of coarse powdered material was placed in a glass
jar and macerated for 3-5 days using ethanol (3
volumes). The extract was filtered and concentrated
using a rotary evaporator with 50-60°C temperature (19)

Phytochemical Study

The phytochemical screening of the orange peel
extract was performed and shown the presence of
flavonoids, phenolics, tannins, and alkaloids (20)

Test for flavonoids

Shinoda test: A little piece of magnesium, 1.5 mL of
50% methanol solution, and 4 mL of extract solution
were heated. When 5-6 drops of concentrated HCI were
added, flavonoids showed a crimson hue (21).

Dil. NH3 test: 5 mL of diluted NH3 solution in extract
was taken, and concentrated H>SOs was added.
Flavonoids were suggested when a yellow-colored
precipitation appeared (22).

Test for polyphenol

Ferric Chloride test: When 3 to 4 drops of 10% FeCls
were added to the diluted extract, gallo tannins became
blue while catechol tannins caused the solution to
become green (23).
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Test for Tannins

Lead acetate Test: 10 mg of plant extract was taken
and 0.5 ml of 1 % lead acetate solution was added and
the formation of precipitate indicates the presence of
tannins (23).

Test for alkaloids

Meyer’s test: 1ml of Meyer's reagent was added to 2 ml
of extract. Presence of pale yellow precipitate confirms
the presence of alkaloids in the OPEE (24).

Dragendorff’s reagent test: 2ml of extract were heated
using 2% H2SOs. A little amount of Dragendorff's
reagent was added. The presence of alkaloids was
revealed by an orange-red precipitate (25).

HPTLC Instrument Specifications
Instrumentation

A CAMAG HPTLC system equipped with
LINOMAT 5 applicator fitted with a 100 ul syringe
with CAMAG TLC scanner and vision CAT software
was used (26).

Solvents and Chemicals

Standard hesperidin & naringenin was purchased
from Sigma-Aldrich, St. Louis, MO, USA. All the
HPLC grade solvents were used for HPTLC analysis,
and all the chemicals of analytical grade were used for
the above study.

Sample preparation
Dried orange peel extract 10 mg was dissolved in
10 mL of methanol and then filtered.

Standard preparation

1 mg hesperidin dissolved in 10 ml of methanol.1
mg of naringenin dissolved in 10 ml of methanol. Both
the standard solutions were sonicated using a sonicator,
used for an HPTLC quantification study.

Chromatographic Conditions

A 10 x 20.0 cm pre-coated silica gel 254 HPTLC
plate (E. MERCK) was used for the HPTLC
densitometric analysis. No plate modification or pre-
washing. A CAMAG Linomat applicator with a 100 pl
syringe was used to apply the sample solution on the
plate in the form of a band. Samples were applied to the
TLC plates as 8 mm bands using a Camag Automatic
TLC Sampler 4 (ATS4) sample applicator (Switzerland)
fitted with a Camag microlitre syringe. A constant
application rate of 150 nL/s was used. Linear ascending
development of the plates to a distance of 70 mm was
performed with ethyl acetate-methanol-water 15:4:1 (%,
v/v) previously saturated for 20 min and the hesperidin
standard and sample-loaded plates were developed in an
automated development chamber. The procedure
repeated for naringenin using Toluene: Ethyl acetate:
Formic acid (12:8:1.6 v/v/v) mobile phase previously
saturated for 20 min and the naringenin standard and
sample-loaded plates were developed in an automated
development chamber with distance of 70 mm and the
application rate was 150 nL/s.
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Results and Discussion

The Citrus sinensis L. peels were subjected to
ethanolic extraction by using maceration and the extract
was evaporated to dryness by rotary evaporator, and the
extract were concentrated and tested for different
phytoconstituents, by phytochemical study as shown in
Table 1.

Table 1: Phytochemical study of Orange peel
ethanolic extract

Sr. No Phytochemical Test Observation
1 Flavonoids (Shinoda test) Positive
2 Tannins (Lead acetate Test) Positive
3 Phenolics (Ferric Chloride test) Positive
4 Alkaloids (Dragendorff test) Positive

The polyphenolic compounds were found in the
extract based on the above qualitative phytochemical
study. The extract was assessed using HPTLC and
fingerprinting using naringenin and hesperidin as
standards. The outcomes are shown in Tables 2 and
3.The chromatograms were obtained upon scanning at
UV at 254 & 366 nm. Figures 1, 2 & 3 depicted for
hesperidin and Figures 4, 5 & 6 depicted for naringenin,
respectively. The Rf values, area percentage, and peak
height of both hesperidin and naringenin were
calculated.

Table 2: Tracks of hesperidin as a standard &
Orange-peel ethanolic extract

Trackno Ref/SampleID X (mm) Y (mm). Appl. Volume Rf Conc.
1 Hesp 20.0 40.7 1.0 pl 0.527 0.1 mg/ml
2 Hesp 31.4 40.8 2.0 ul 0.529 0.1 mg/ml
3 Hesp 42.8 40.1 3.0 ul 0.518 0.1 mg/ml
4 Hesp 542 40.4 4.0 pl 0.523 0.1 mg/ml
5 Hesp 65.6 40.3 5.0 ul 0.521 0.1 mg/ml
6 Hesp 77.0 40.1 6.0 ul 0.518 0.1 mg/ml
7 Hesp 88.4 40.1 7.0 ul 0.518 0.1 mg/ml
8 Hesp 99.8 40.2 8.0 ul 0.519 0.1 mg/ml
9 OPE 111.2 40.3 2.0 ul 0.521 Img/ml
10 OPE 122.6 39.8 4.0 pul 0.513 1mg/ml
11 OPE 134.0 40.1 6.0 ul 0.518 1mg/ml
12 OPE 145.4 40.4 8.0 ul 0.523 Img/ml
13 OPE 156.8 40.3 10.0 pul 0.521 Img/ml
14 OPE 168.2 40.0 12.0 pl 0.516 Img/ml
15 OPE 179.6 39.7 14.0 pl 0.511 Img/ml

Hesp - Hesperidin, OPEE - Orange peel ethanolic extract

Figure 1: Calibration curve of Hesperidin standard
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Figure 2: Scanned image of Figure 3: Scanned image of
Hesperidin and OPEE at Hesperidin and OPEE
254 nm 366 nm

After performing the phytochemical study
revealed that the polyphenolic compounds are
abundantly present, and the same extract was studied
using High-performance thin layer chromatography
(HPTLC), and the extract was fingerprinted with the use
of naringenin and hesperidin as standards, and the
results are displayed in Table 2 & 3 respectively. The
chromatograms were obtained upon scanning at UV at
254 & 366 nm. Figure 7 shows the chromatographic
overlay of hesperidin standard & OPEE while figure 8
shows the UV overlay spectra of OPEE extract at 254
nm. Figure 9 displays the chromatographic overlay of
naringenin & OPEE while figure 10 shows the UV
overlay spectra of naringenin and OPEE at 254 nm.

Table 3: Tracks of naringenin & orange peel
ethanolic extract (OPEE)

Track no Ref/Samp.ID X (mm) Y (mm) Appl. Volume Rf Conc.
1 Naring 20.0 459 1.0 pl 0.611 0.1 mg/ml
2 Naring 314 44.9 2.0pul 0.595 0.1 mg/ml
3 Naring 428 454 3.0 ul 0.603 0.1 mg/ml
4 Naring 542 45.4 4.0ul 0.603 0.1 mg/ml
5 Naring 65.6 45.0 5.0pul 0.597 0.1 mg/ml
6 Naring 77.0 448 6.0 ul 0.594 0.1 mg/ml
7 Naring 88.4 447 7.0 ul 0.592 0.1 mg/ml
8 Naring 99.8 447 8.0 ul 0.592 0.1 mg/ml
9 OPEE 111.2 45.2 2.0 ul 0.600 1mg/ml
10 OPEE 122.6 45.9 4.0 ul 0.611 Img/ml
11 OPEE 134.0 452 6.0 ul 0.600 1mg/ml
12 OPEE 145.4 453 8.0 ul 0.602 1mg/ml
13 OPEE 156.8 428 10.0 pl 0.561 1mg/ml
14 OPEE 168.2 44.6 12.0 pl 0.590 1mg/ml
15 OPEE 179.6 44.6 14.0 pl 0.590 1mg/ml

Naring - Naringenin, OPEE - Orange peel ethanolic extract

Figure 4: Calibration curve for Naringenin Standard
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Figure 5: Scanned image Figure 6: Scanned image
of naringenin and OPEE of naringenin and OPEE

@ 254 nm

@ 366 nm

Table 4: Calibration curve parameters of Hesperidin
Standard

Parameters
Regression mode
Range deviation
Related substances
Assignment mode
Number of references
Calibration function

Coefficient of variation

Correlation coefficient

Values
Linear-2
5.00%
None
Single
6

y=3.463x%10-x+3.002x10-4

2.61%
R=0.997633

Table 5: Calibration curve parameters of Naringenin
Standard

Parameters
Regression mode
Range deviation

Related substances
Assignment mode
Number of references
Calibration function
Coefficient of variation
Correlation coefficient

Figure 7: Overlay
Chromatograms of
hesperidin in OPEE

Values
Linear-2
5.00%
None
Single
6
y=7.803%10-x
1.17%
R=0.999601

Figure 8: UV Overlay
Spectra of hesperidin in
OPEE at 254 nm

Figure 9: Overlay
chromatograms of
Naringinin in OPEE.

Figure 10: UV Overlay
Spectra of Naringinin in
OPEE at 254 nm.
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Conclusion

Orange fruit is a waste part of the orange fruit
contains different chemical constituents, which are
responsible for various therapeutic potential. Hesperidin
is a major flavonoid present in orange peel. In the
present study, the HPTLC analysis of orange peel
extract was performed and the densitometric analysis of
the ethanolic extract of orange peel was carried out
using a CAMAG HPTLC system and Vision CAT
software. The results were observed in the form of
chromatograms scanned at 254 & 366 nm. The Rf
values of hesperidin was found to be 0.5 with mobile
phase Ethyl acetate: Methanol: Water (15:04:01). 25.93
nanograms of hesperidin was found in 1 mg of orange
peel extract. Naringenin was quantified at 254 & 366
nm with Rf value 0.6 & mobile phase used was
Toluene: Ethyl acetate: Formic acid (12:8:1.6v/v/v). The
hesperidin and naringenin was done 14.92 nanograms
of naringenin was found in 1 mg of orange peel extract.

Acknowledgement

Authors are thankful to the Department of
Pharmaceutical Sciences, Rashtrasant Tukadoji Maharaj
Nagpur University, Nagpur, for providing technical
facilities.

The authors are thankful to the Mahatma Jyotiba
Phuley Research Fellowship (MJPRF) for providing
financial assistance during research work.

References

1. Liew SS, Ho WY, Yeap SK, Sharifudin SA.
Phytochemical composition and in vitro antioxidant
activities of Citrus sinensis peel extracts. Peerl.
2018; 3;6:e5331.

2. Aug MA. Outlook for US Agricultural Trade.
Outlook. 2016 Aug 25.

3. Flores Garcia Y, Martin del Campo Solis MF,
Gomez-Angulo JH, Martinez Preciado AH, Silva-
Jara JM, Padilla de la Rosa JD, Escalante-Garcia
ZY.et al. Industrial Applications, Principal Sources,
and Extraction of Galactomannans: A Review.
Foods. 2025;14(9):1587.

4. Liu S, Xu Y, Yang K, Huang Y, Lu Z, Chen S, Gao
X, Xiao G, Chen P, Zeng X, et al. Wang L. Origin
and de novo domestication of sweet orange. Nature
genetics. 2025; 1-9.

5. JIAY, Zeng Z, Luo Y, Hu H, Lan L, Guo B, Zhou P,
Tan C, Huang X, Qi T, Chen Z. et al. Highly
heterozygous Citrus changshan-huyou YB Chang
originated from ancient hybridization between
mandarin and pummelo and displayed distinct
tissue-specific allelic imbalance. bioRxiv. 2025; 03.

6. Gujar JP, Gautam MK, Modhera B. Valorization of
banana peel into activated carbon for efficient and
sustainable dye removal in textile industry. Biomass
Conversion and Biorefinery. 2025; 1-20.

7. Trang TT, Nguyen KD. Chitosan and Its Biomass
Composites in Applications. InBuilding a Low-
Carbon Society through Applied Environmental
Materials Science 2025; 169-202. IGI Global.


http://ijam.co.in

10.

I1.

12.

13.

14.

15.

16.

17.

&
"

Chakraborty S, Goel K, Rasal V, Paul K, Mandal D.
A Comprehensive Review: Exploring Bioactive
Compounds of Citrus Fruit Peels for Therapeutic
and Industrial Applications. Food Science and
Engineering. 2025; 54-69.

Kumar N, Upadhyay A, Shukla S, Bajpai VK,
Kieliszek M, Yadav A, Kumaravel V. Next
generation edible nano-formulations for improving
post-harvest shelf-life of citrus fruits. Journal of
Food Measurement and Characterization. 2024;
1825-56.

Benny N, Shams R, Dash KK, Pandey VK, Bashir
O. Recent trends in utilization of citrus fruits in
production of eco-enzyme. Journal of Agriculture
and Food Research. 2023; 13:100657.

Suri S, Singh A, Nema PK. Current applications of
citrus fruit processing waste: A scientific outlook.
Applied Food Research. 2022 Jun 1;2(1):100050.
Khattak A, Asghar MU, Batool U, Asghar MZ,
Ullah H, Al-Rakhami M, Gumaei A. el al.
Automatic detection of citrus fruit and leaves
diseases using deep neural network model. IEEE
access. 2021; 112942-54.

Job JT, Visakh NU, Pathrose B, Alfarhan A,
Rajagopal R, Thayyullathil J, Thejass P, Ramesh V,
Narayanankutty A. et al. Chemical composition and
biological activities of the essential oil from citrus
reticulata blanco peels collected from agrowastes.
Chemistry & Biodiversity. 2024; ¢202301223.
Grover S, Aggarwal P, Kumar A, Kaur S, Yadav R,
Babbar N. Utilizing citrus peel waste: A review of
essential oil extraction, characterization, and food-
industry potential. Biomass Conversion and
Biorefinery. 2024; 1-22.

Sangeeta A, Gopalakrishnan K, Mishra P. New
Food Product Development from Citrus Fruits. In
Citrus Fruits and Juice: Processing and Quality
Profiling 2024; 223-258. Singapore: Springer
Nature Singapore.

Grover S, Aggarwal P, Kumar A, Kaur S, Yadav R,
Babbar N. Utilizing citrus peel waste: A review of
essential oil extraction, characterization, and food-
industry potential. Biomass Conversion and
Biorefinery. 2024; 1-22.

Ladaniya M. Citrus fruit: biology, technology and
evaluation. Academic press; 2010.

https://doi.org/10.47552/ijam.v16iS2.6167

Int J. of Ayurvedic Med, "Natural to Synthetic: The Convergence of Traditional Medicine to Modern Medicine” Supplement 2025
18.

19.

20.

21.

22.

23.

24.

25.

26.

FTefededkd

102

ISSN No: 0976-5921

Ortiz-Sanchez M, Cardona Alzate CA, Solarte-Toro
JC. Orange peel waste as a source of bioactive
compounds and valuable products: insights based
on chemical composition and biorefining. Biomass.
2024;107-31.

de Castro SC, Stanisic D, Tasic L. Sequential
extraction of hesperidin, pectin, lignin, and
cellulose from orange peels: towards valorization of
agro-waste. Biofuels, Bioproducts and Biorefining.
2024; 804-17.

Zemede J, Melese B, Mekuria T, Chen GL, Hu GW.
Phytochemical analysis and investigation of
antioxidant and anti-inflammatory activities of
selected Ethiopian traditional medicinal plants.
Journal of Herbal Medicine. 2025 Feb; 49:100984.
Baskota M, Pokhrel A, Khatri J, Rimal P,
Rajbhandari M. Phytochemical Analysis,
Antioxidant and Antibacterial Activities of Some
Medicinal Plants Growing in Nepal. Journal of
Nepal Chemical Society. 2025; 45(1):156-66.

Dimri R, Verma RK, Das A, Soni P, Jena N, Kumar
S, Das K. et al. Qualitative phytochemical analysis
of Pavetta indica L. flowers: a medicinal plant of
India. Plants & Secondary Metabolites, Volume I.
2024.

Shaikh JR, Patil M. Qualitative tests for preliminary
phytochemical screening: An overview.
International journal of chemical studies. 2020;
603-8.

Khedr NM, Ibrahim AA, El-Metwally M,
Eldakroory S, Soliman MI. Phytochemical analysis,
antioxidant activity, antimicrobial evaluation, and
cytotoxicity effects of wild medicinal plants.
SABRAO Journal of Breeding & Genetics. 2024;
56(4):1152-62.

Ashraf H, Iahtisham-Ul-Haq, Butt MS, Nayik GA,
Ramniwas S, Damto T, Ali Alharbi S, Ansari MJ. et
al. Phytochemical and antioxidant profile of citrus
peel extracts in relation to different extraction
parameters. International Journal of Food
Properties. 2024; 27(1):286-99.

Kumari P, Kumar S, Rajendran KV, Brahmchaif
RK, Raman RP. Effects of extraction temperature
on phytoconstituents of leaf extracts of Azadirachta
indica and its antiparasitic efficacy against Argulus
sp. Journal of Environmental Biology.2023;
44(5):699-705.



