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Abstract 

Cancer, one of the leading causes of death, has seen progress in the development of drugs for intervention. However, these drugs 

often come with severe side effects. As a result, there has been a growing interest in functional foods and natural products for their potential 

as anti-cancer therapies. One example is orange peels (OPs) and their derived extracts, demonstrating strong anti-cancer properties due to 

their high flavonoid content. OPs contain numerous bioactive compounds that can be used in drug development. This study aimed to isolate 

flavonoids from OPs and assess their anti-cancer potential against Hep-G2 cancer cells. High-performance liquid chromatography (HPLC) 

analysis revealed 19 flavonoid compounds in OPs, with chrysin, kaempferol, and catechin being the major constituents. The alcoholic extract 

of OPs exhibited antioxidant potential against ABTS and DPPH. Six flavonoids were isolated from citrus peel. These are: Kaempferol-3-O-

rutinoside (nicotiflorin), Isorhamnetin-3-O-B-rutinoside, Rutin, Qercetin-3-O-β-glucoside, Isorhamnetin and hesperdin. The isolated 
compounds exhibited higher levels of cytotoxicity to cancer cells. These findings support the use of OPs as potential anticancer agents. 
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Introduction: 
Cancer is one of the most lethal diseases in the world [1]. 

Plants were traditionally used in the past to treat cancer. 

Therefore, Medicinal plants are considered a good starting 

point and an interesting pool for discovering new 

anticancer drugs [2-7]. Recently, the use of fruit 

processing by-products has increased. The potency the 

lack of side-effects and the cost of by-products compared 

to current therapies to treat dangerous diseases such as 

cancer and Alzheimer's disease make them more attractive 

[8-12]. 

Large amounts of byproducts are generated after 

processing of citrus fruits which contain valuable 

phytocompounds. In Egypt, more than metric tons of 

byproducts are annually produced after the processing of 

citrus fruits. Researchers and consumers have increased 

the demand to recover natural value-added compounds 

from citrus wastes [13]. Many studies have been published 

related to the processing of citrus waste for the recovery of 

natural value-added compounds and bioactive compounds 

like flavonoids [14].  

Citrus belongs to the family Rutaceae, and are 

characterized by their fragrance. It is also well known for 

its therapeutic uses. The chemical composition of non-

edible parts of citrus called citrus waste, such as peel, 

flavedo, and seeds of fruits that contain seeds. Citrus 

wastes contain free soluble sugars, starch, fiber, cellulose 

and hemicelluose, diginin and protein, and many active 

compounds which must be treated carefully before 

disposal. The disposal of citrus waste is a major problem. 

It accounts for 55-60% of fruit weight [15]. 

Many steps are included for the recovery of the value-

added products from citrus waste like, extraction, isolation, 

purification, and identification of the method depending on 

the native compounds found in the waste, then these 

compounds are tested for their bioavailability and later on 

will be incorporated in or used in food industries, in 

technological and health-promoting domains. Citrus peels 

have flavonoids as their anticancer constituents. These 

bioactive compounds have been found to provide health 

benefits such as antioxidative, anticancer, and anti-

inflammatory protective activities [16]. Herein, our study 

promoted the use of Ops and their isolated compounds, 

which are wasted in huge amounts, to ensure its activity in 

pharmacological effects as anticancer agents. 

 

MATERIAL AND METHODS 

Plant material 
Peels from mature navel oranges were purchased from the 

market, and then sliced into small pieces and dried in an 

oven at 40 degrees Celsius. The dried peel was pulverized 

and stored in paper pages until used, grinding was 

necessary to improve extraction efficiency.  

Determination of total flavonoid (TF), total phenol (TP) 

contents, and antioxidant activity of alcoholic OPs 

extract  

The powdered peels were extracted with methanol. The TP 

content of the alcoholic OPs extract was analyzed using 
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the Folin–Ciocalteu reagent using gallic acid (GAE) as 

standard according to Singleton and Rossi [17]. TF content 

was estimated using the aluminum chloride method using 

Catechin (CAT) as standard according to Willet [18]. In 

addition, free radical scavenging capacity (DPPH and 

ABTS) was also estimated as described by Hwang and Do 

Thi [19]. 

 

Identification of phenolic and flavonoid compounds 

The phenolic and flavonoid compounds of citrus peels 

were extracted according to the method described by 

Mattila et al., [20]. HPLC analysis was carried out 

according to Kim et al. [21]. The HPLC system was a HP 

1100 chromatograph (Agilent Technologies, Palo Alto, 

CA, USA) equipped with an auto-sampler, quaternary 

pump, and a diode array detector. The measurements were 

integrated by Chemstation chromatographic software 

interfaced with a personal computer. The analytical 

column was ZORBAX Eclipse XDB C18 column (15 cm x 

4.6 mm I.D., 5 µm, USA). 

 

Isolation of hesperidins 

Air-dried sweet OPs were grinded into powder and 

extracted with petroleum ether. The defatted powder was 

extracted using methanol. The alcoholic extract was 

concentrated and crystallized by adding acetic acid (6%), 

yielding orange needles (crude hesperidin) melting point 

was 268°C. There are two spots were observed in thin 

layer chromatography (TLC) of crystals using n-Butanol: 

Acetic Acid: Water (3:1:1) as mobile-phase at 0.20 and 

0.62. The white crystalline hesperidin was precipitated 

using chloroform and then filtered. Pure hesperidin has a 

melting points 240-253 °C. 

Isolation of flavonoids 

Air-dried and grounded citrus peels (1500 g) were 

extracted with 70% ethanol (v/v) at room temperature. 

After evaporating ethanol under reduced pressure, the 

residue was dissolved in H2O and then applied to 

a polyamide column eluted with 10:80% ethanol. 

Collected fractions were combined based on their TLC 

profiles and were concentrated at reduced pressure, after 

ethanol evaporation of the ethanol-eluted fractions. Each 

fraction was further purified on a Sephadex LH-20 column 

using 50% Methanol as the mobile phase to yield six 

compounds. The structures of the isolated compounds 

were elucidated by EI-MS (JMS-SX102A spectrometer), 

C13, and 1H-nuclear magnetic resonance (Bruker BioSpin 

GmbH, Rheinstetten, Germany) data by comparison with 

published data. 

 

Anticancer activity 

Human liver cancer (Hep-G2) cells were supplied by 

Naval American Research Unit—Egypt (NAmRU). 

Cytotoxicity against cancer cells was assessed by MTT [3-

(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide] assay with slight modification as described by 

Aboubaker [22].  

 

RESULTS AND DISCUSSIONS 

Natural substances like flavonoids have been used in 

medicine more and more in recent years. Flavonoids are 

secondary metabolites found in plants that are involved in 

the synthesis of yellow or reddish-blue pigmentation or in 

protecting flowers from microbes and insects. They also 

have potential medical uses due to their pharmacological, 

antioxidant, and antibacterial properties. Numerous 

epidemiological studies [23-25] have demonstrated a 

connection between the consumption of flavonoids and the 

risk of cardiovascular disease and cancer. High-

performance liquid chromatography (HPLC) has been 

utilized in this work to identify the flavonoids in OPs. The 

phenolic and flavonoids in the alcoholic extract of OPs 

were identified by the use of an easy-to-use and effective 

HPLC fingerprint approach.  

Table (1) displays the alcoholic extract of OPs as 

determined by HPLC. By comparing the UV spectrum and 

retention duration of each peak with those of reference 

compounds, a total of 19 phenolic compounds were 

estimated. Three of these 19 peaks—chrysin (2.75 mg/g), 

kaempferol (1.62 mg/g), and catechin (1.29 mg/g)—were 

found to have a high intensity (Table 1). Two flavonoids 

present in citrus peels (Albedo and flavedo), exhibited a 

typical distribution pattern across different fruit kinds or 

portions [26-29]. Grapefruit species are characterized by 

naringin and low hesperidin levels [30]. The main 

characteristics of sour citrus are naringin, neohesperidin, 

and occasionally neoeriocitrin [31].  

High levels in hesperidin and narirutin are found in orange 

peels [32-33]. Lemon peel flavonoids are characterized by 

the presence of four groups of flavonoids: rutin; 

hesperidin; luteolin-7-rutinoside; diglucosyl luteolin, 

diglucosyl apigenin, diglucosyldiosmetine; and diglucosyl 

chrysoeriol [34]. 

Table 1: Identification of phenolic and flavonoid 

Compounds using HPLC 

 

Radical scavenging activity  

OPs' phytocompounds have a strong antioxidant potential 

that protects against free radicals. Flavonoids are 

responsible for the antioxidant capacity of OPs [16]. By 

contributing protons or electrons, OPs help to stabilize free 

radicals [35-36]. Compared to H radicals, OPs flavonoids 

are more compatible with the OH scavenging process and 

have more antioxidant capacity [37]. Using DPPH and 

ABTS tests, the antioxidant capacity of OPs alcoholic 

extract was investigated in this work. Table 2 indicates that 

the test samples' radical scavenging activity was greater for 

Trolox than for OPs alcoholic extract. Superior antioxidant 

capacity against DPPH and ABTS radicals (56.05 and 

30.31 mgTrolox/g) was demonstrated by OPs alcoholic 

extract. 

The strong antioxidant capacity of OPs alcoholic extract 

has been demonstrated in numerous research; its activity is 

dependent on the quantity of flavonoids (20.55±0.8 mg 

CE/mg) and phenols (25.606±0.5 mg GAE/mg) that are 

known to have antioxidant qualities [38-39]. El-aal and 

Compounds  Tr 

(min) 

mg/g 

extra

ct 

Compounds  Tr 

(min) 

mg/g 

extrac

t 

Gallic  3.9 0.34 Sinapic  30.156 0.05 

Protocatechu

ic  

7.65 ND p-coumaric 34.4 0.22 

p-

hydroxybenz

oic 

11.88 0.47 Rutin  33.98 0.22 

Gentisic  11.8 0.44 Apigenin-7-

glucoside 

37.93 0.84 

Cateachin  14.74 1.29 Rosmarinic  38.8 0.48 

Chlorogenic  15.95 0.13 Cinnamic  46.12 0.20 

Caffeic  16.79 0.06 quercetin  48.82 0.05 

Syringic  18.67 0.26 Kaempferol  55.06 1.62 

Vanillic  20.55 0.50 Chrysin  59.03 2.75 

Ferulic  28.27 0.55    
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Halaweish [40] revealed that the extract of alcoholic OPs 

had a 59% DPPH scavenging activity. 

Additional research has shown that the alcoholic extract 

from OPs has an impressive antioxidant potential. 

Specifically, when compared to the volatile fractions, the 

polar fractions of citrus peels demonstrated the best 

potential for antioxidant activity [41]. Because of the high 

concentration of flavonoids and phenolic acid esters in the 

ethyl acetate subfraction of OPs, it demonstrated 

significant antioxidant potential [42]. 

OPs contained a high level of tangeritin and nobiletin and 

also showed superior antioxidant capacity against DPPH 

and ABTS [36]. The antioxidant activity of the citrus peel 

has been reported to be higher than that of the fruit and the 

pulp [43]. OPs contain the highest levels of vitamin C, and 

flavonoids reported for different citrus species compared to 

pulp and juices and this contributes to the potent 

antioxidant potential of the peels than the pulp [16].  

Due to variations in phenolics and flavonoids, citrus peels 

from different species have varying levels of antioxidant 

potential [43]. Of the different citrus species, Citrus 

reticulata's alcoholic extract had the highest antioxidant 

capacity, while Citrus aurantium's antioxidant capacity 

was the lowest [44]. Citrus sinensis and Citrus reticulata 

had the highest antioxidant activity values, which varied 

from 11.0 to 46.1 mol TE/g for different citrus fruits 

flavedo extracts [45]. According to Chen et al. [36], the 

alcoholic extract of fresh OPs demonstrated IC50 values of 

1..99 and 2.05 mg/mL in the ABTS and DPPH scavenger 

methods. Additionally, TP content and anti-radical activity 

were found to be strongly correlated in the study 

conducted by Lagha-Benamrouche and Madani [46]. The 

OPs have a high TP content and show high antioxidant 

capacity. 

 

Table 2. TP and TF contents, the antioxidant 

activity of OPs alcoholic extract  
Test Alcoholic extract of OPs 

TP content                        25.606±0.5 mg GAE/mg  

TF content                       20.55±0.8mg CE/mg  

DPPH                       30.31 mg Trolox/g 

ABTS               56.05 mg Trolox/g 

Mean of 3 replicates ± st.dev 

Identification of isolated compounds 

The further chemical characterization of the OPs alcoholic 

extract via different chromatographic tools as well as 

spectroscopic techniques led to the isolation and 

identification of five main flavonoids (Figure 1). 

 
 

 

 

 

 

 

 

Figure 1: Isolated compounds from Citrus peels. 

 

Kaempferol-3-O-rutinoside (nicotiflorin) (F1): Was 

isolated as yellow amorphous powder, 1H-NMR (CD3OD, 

500 MHz): δ: 8.11 (H-2′, 6′, J = 9.5 Hz), 6.91 (H-3′, 5′, 

d, J = 9.5 Hz), 6.38 (H-6, d, J = 1.6 Hz), 6.18 (H-8, 

d, J = 1.6 Hz), 5.13 (H-1′, d, J = 7.1 Hz), 4.49 (H-1″, 

d, J = 1.2 Hz), and 1.09 (CH3, d, J = 6.1 Hz). 13C-NMR 

(CD3OD, 125 MHz): δ: 16.6 (C-5‴), 76.5 (C-1 ，″) 75.6 (C-

2 ，″) 74.1 (C-3 ，″) 72.3 (C-4 ，″) 71.0 (C-6 ，″) 70.8 (C-

1 ，‴) 70.2 (C-2 ，‴) 68.1 (C-3 ，‴) and 67.3 (C-4‴)., EI-MS 

m/z: 595.4 [M+H]+. 
13C-NMR(CD3OD, 500 MHz): δ:159.4 (C-2), 135.3 (C-3), 

179.3(C-4), 162.9(C-5), 99.9 (C-6), 166.2(C-7), 95.2 (C-

8), 158.7(C-9), 105.7(C-10), 122.8 (H-1′), 132.5 (H-2′), 

116.3 (H-3′), 161.3 (H-4′), 116.7 (H-5′), 132.4 (H-6′), 

104.5(H-1′′), 75.9 (H-2′′), 78.1 (H-3′′),71.5 (H-4′′),  77.3 

(H-5′′), 68.7 (H-6′′), 102.3 (H-1′′′), 72.1 (H-2′′′), 72.4 (H-

3′′′), 73.8 (H-4′′′), 69.6 (H-5′′′), 17.8 (H-6′′′).         

Isorhamnetin-3-O-B-rutinoside (narcissin) (F2): was 

isolated as yellow powder1H-NMR(CD3OD, 500 MHz): 

δ:6.26 d (J=2.0, H-6), 6.46 d (J=2.0, H-8), 7.99 d (J=2.0, 

H-2′), 6.96 d (, J=8.4, H-5′), 7.67 dd (J=8.4, 2.0, H-6′), 

3.99 s (OCH3), 5.29 d (J=7.5, H-1′′), 3.27–3.55 m (H-2′′- 

H-5′′), 3.84 dd (J=11.5, 1.6, H-6′′-a), 3.41–3.50 m (H-6′′-

b), 4.53 d (J=1.5, H-1′′′), 3.62 dd (J=3.4, 1.6, , H-2′′′), 

3.27–3.57 m (H-2′′′- H-5′′′), 1.16 d (J=6.1, H-6′′′).13C-

NMR (CD3OD, 500 MHz): δ:159.1 (C-2), 135.6 (C-3), 

178.9 (C-4), 162.99 (C-5), 99.8 (C-6), 166.3(C-7), 95.0 (C-

8), 158.3 (C-9), 105.4 (C-10), 122.9 (H-1′), 114.7 (H-2′), 

148.1 (H-3′), 151.0 (H-4′), 115.9 (H-5′), 124.2 (H-6′), 55.9 

(OCH3), 104.7 (H-1′′), 76.1 (H-2′′), 77.9 (H-3′′), 71.4 (H-

4′′),  77.1 (H-5′′), 68.52 (H-6′′), 102.7 (H-1′′′), 72.3 (H-

2′′′), 72.5 (H-3′′′), 73.9 (H-4′′′), 69.9(H-5′′′), 17.88(H-

6′′′).EI-MS m/z: 625.2 [M+H]+. 

Quercetin-3-O-β-D-rutinoside (Rutin) (F3): was isolated 

as yellow amorphous powder. 1H-NMR (CD3OD, 

500 MHz): δ:6.28(H-6, d, J= 2.0Hz), 6.46(H-8, d, 

J=2.0Hz), 7.74(H-2',d, J=2.1Hz), 6.91(H-5',d, J = 8.5 Hz), 

7.66 (H-6', dd, J =8.5, 2.1 Hz), 5.16(H-1'',d, J=7.5 Hz), 

4.53(H-1''',d, J= 1.5 Hz,),  δ 1.14(CH3-rha, d, J= 6.3 Hz) 

3.23-3.88(m, the rest of both glucose and rhamnose).EI-

MS m/z: 611.1 [M+H]+. 

 

Qercetin-3-O-β-glucoside (F4): was isolated as 

amorphous brown powder. .1H-NMR (CD3OD, 500 MHz): 

δ:6.22 (H-6, d, J= 2.0 Hz),6.29 (H-8, d, J= 2.0 Hz), 7.67 

(H-2', d, J:2.0 Hz),7.52 (H-6', dd,J=8.3, 2.1 Hz), 6.90 (H-

5', d, J= 8.3Hz,),5.16 (H-1", d, J= 7.6 Hz) 3.19-3.75 

(glucose remaining protonds).EI-MS m/z: 464.1[M+H]+. 

Isorhamnetin (F5): was isolated as yellow amorphous 

powder. 1H-NMR (CD3OD, 500 MHz): δ:3.93(OCH3, s), 

6.31(H-6, d, J=2.1), 6.53(H-8, d, J=2.1), 7.04 (H-5′, d, 

J=8.4), 7.74(H-6′, m), 7.82(H-2′, d, J=2.0).EI-MS m/z: 

317.2[M+H]+. 

Anticancer activity 

Citrus and its bioactive components have been shown to 

have anticancer properties in several cancer cell lines [47-

50]. According to a recent report, eating citrus fruit 

prevents stomach cancer from developing in the heart [51]. 

However, only a limited amount of research has been done 

on OPs' ability to prevent cancer. 

While the three isolated compounds' IC50 values ranged 

from 6.96 to 31.72 µg/ml, the various OPs extracts in this 

study demonstrated inhibition against Hep-G2 cancer cells, 

with IC50 values ranging from 10.79 to 289.17 µg/ml 

(Table 3). Compared to various OPs extracts, the isolated 

compounds (kaempferol and isorhamnetin) exhibited 

higher levels of cytotoxicity to cancer cells, with IC50 

values ranging from 6.96 to 9.30 µg/ml .  

Cpd R R1 

F1 H Rutinoside 

F2 OMe Rutinoside 

F3 OH Rutinoside 

F4 OH Glucopyranoside 

F5 OMe H 
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Numerous pieces of evidence suggest that Kaempferol 

triggers the death of cancer cells by triggering signaling 

pathways linked to apoptosis. Research has demonstrated 

that in response to Kaempferol-mediated energy limitation, 

carcinoma cells initiate AMP-activated protein kinase-

dependent autophagy as a survival strategy [52]. Notably, 

Kaempferol reduces the quantity of different types of 

cancer cells by means of multiple mechanisms, such as cell 

cycle arrest, activation of proapoptotic proteins, inhibition 

of antiapoptotic proteins, and attenuation of prosurvival 

protein phosphorylation and activity, as well as activation 

of autophagy or apoptosis [53]. 

Likewise, Isorhamnetin has come to light for its capacity 

to inhibit tumor growth in a variety of human 

malignancies, including colorectal, cutaneous, lung, and 

breast cancers, by preventing cell migration and 

proliferation and encouraging apoptosis. The potential of 

isorhamnetin in the treatment of cancer and the molecular 

processes underlying apoptosis induction remain 

unexplored, despite a great deal of study on the cytostatic 

and pro-apoptotic capabilities of isorhamnetin [54-58] 

Many of the bioactive-ingredients present in the OPs 

extract are antioxidants that provide protection against 

oxidative stress and this in turn confers additional cancer 

prevention/protection capacity in the body [59-60].  

Table 3: In vitro cytotoxicity of citrus peel fractions against HepG2 cancer cell line determined by MTT assay 

 

It has been suggested that eating citrus prevents heart 

cancer from developing [51]. Citrus was used as an 

anticancer agent in antiquity and the Middle Ages, 

according to Arias and Ramón-Laca [61]. Citrus varieties 

have also been shown to have anticancer potential on 

several cancer cell lines. According to the majority of 

these studies, citrus plants contain flavonoids, which act as 

antioxidants and lower the risk of cancer [47-50]. 

 

Conclusion 

The goal of this study was to isolate flavonoids from OPs 

and evaluate their anti-cancer potential against Hep-G2 

cancer cells. High-performance liquid chromatography 

(HPLC) examination identified 19 flavonoid components 

in OPs, with chrysin, kaempferol, and catechin being the 

most abundant. The alcoholic extract of OPs demonstrated 

antioxidant activity against ABTS and DPPH. Six 

flavonoids were isolated from citrus peel. These include 

nicotiflorin (kaempferol-3-O-rutinoside), isorhamnetin-3-

O-B-rutinoside, rutin, quercetin-3-O-β-glucoside, 

isorhamnetin, and hesperdin. The isolated flavonoids had 

higher levels of cytotoxicity against liver cancer. These 

data support the use of OPs as anticancer drugs. 

Relationships among the naturally proportioned flavonoids 

in OPs and their biological activities are even more 

complex and unexplored. The mechanisms by which these 

flavonoids exert optimal therapeutical benefits remain to 

be further elucidated. So, our results recommended testing 

the anticancer potential of OPs extract in vivo models. 
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