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ABSTRACT

Photoaging and photo-carcinogenesis are primarily caused by repeated exposure to ultraviolet (UV) radiation. The use of
phytochemical with an antioxidant capacity as photoprotector has increased recently. Citrus fruit’s waste such as peels are
considered as one of the resources of antioxidant. The aim of this study was to investigate the effect of five Soxhlet extraction
solvents i.e., hexane, chloroform, acetone, ethyl acetate and ethanol on the photoprotective activity of Citrus limon and
Citrus sinensis peels. The antioxidant activity of the extract was evaluated using 2,2’-diphenyl-1-pierylhydrazyl (DPPH)
assay while photoprotective properties was investigated based on sun protection factor (SPF) and UV absorption ability.
The acetone extract of C. limon (IC,:15.30+2.13mg/mL) and C. sinensis (IC,: 26.05+5.19mg/mL) peels exhibited the highest
antioxidant activity while ethanolic, ethyl acetate and chloroform extracts of C. sinensis peel exhibited similar scavenging
activity with IC,  values ranging between 31-33mg/mL (p>0.05). Hexane extract of both fruit peels showed the lowest
antioxidant activity (IC,>50mg/mL). Interestingly, the opposite was observed in photoprotective activity for C. limon peel
extracts with chloroform extract which showed the highest photoprotective activity (SPF:9.06+1.96) followed by hexane
(SPF:6.96+0.22), ethyl acetate (SPF:5.11£1.63), ethanol (SPF:4.95+2.38) and lastly acetone (SPF:1.39+0.40). Similarly,
acetone extract of C. sinensis peels demonstrated the least photoprotective activity (SPF:1.96+0.28) followed by ethanolic
extract (SPF:2.70+£0.51). Three extracts i.e., hexane (SPF:6.75+0.33), ethyl acetate (SPF:7.34+0.05) and chloroform
(SPF:7.90+0.12) of C. sinensis peel revealed similar potential in photoprotection. The correlation between both DPPH IC,
and SPF values of C. limon and C. sinensis peel extracts are not significant (p>0.05). In terms of UV absorption, all extracts
of C. limon peel demonstrated high UV absorption at UVB region (280-320nm) except acetone extract with high UV
absorption at UVA region (320-400nm). Meanwhile, all extracts of C. sinensis peel showed broad absorption at UVA and
UVC regions with the highest absorption detected at 310-350nm. This finding suggests that ethyl acetate extract of C.
sinensis could be used as a natural sunscreen in pharmaceutics due to its valuable antioxidant and photoprotective activities.
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INTRODUCTION solar radiation (Kanitakis, 2002). Solar radiation, an

electromagnetic radiation emitted by the sun consists

The skin is the largest organ acts as the main barrier  mainly infrared (IR), visible and ultraviolet (UV) light
protecting the body from environmental attack including (Duthie ef al., 1999). Repetitive exposure of the skin to
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sunlight lead to extrinsic aging or photoaging including
wrinkling, scaling, dryness, hypo- and hyperpigmentation.
The extreme consequence of photodamage is skin cancer
(Pinnell, 2003). These harmful effects are mainly associated
with the UV radiation which is divided into three different
bands: UV-A (320-400 nm), UV-B (290-320 nm), and UV-C
(200-290 nm). Different bands of UV radiation results in
distinctly effects on living tissue (Tuchinda et al., 2006).
The UV-A radiation which can be subdivided into UV-
A1 (340-400 nm) and UV-A2 (315-340 nm) is the major UV
radiation (over 90%) reaching the earth’s surface and
penetrate deep into epidermis and dermis of skin. The skin
cells including keratinocytes, melanocytes, fibroblasts, and
endothelial cells in blood vessels are affected by 80% of
UV-A radiation (Svobodova and Vostalova, 2010).
Keratinocytes contain high levels of endogenous
antioxidant such as glutathione, superoxide dismutase and
catalases that are involved in antioxidant defense (Liochev
and Fridovich, 1994). However, endogenous photosensitizer
or chromophores interact with UV-A photons produce high
levels of reactive oxygen and nitrogen species which can
oxidize cellular proteins, lipids, and saccharides that
overwhelm the body’s natural defense to oxidative damage.
The reactive oxidative species also induce various types
of oxidative DNA lesions including single-strand breaks,
and DNA bases alteration (Svobodova and Vostalova, 2010).
Oxidative damage to biomolecules increases the expression
of signalling molecules including inflammatory cytokines,
transcription factors, matrix metalloproteinases (MMP),
mitogen-activated protein kinases (MAPK), or pro- and anti-
apoptotic genes resulting in the development of
pathological changes in skin tissue (Skarupova et al., 2020).
About 50% of UV-induced photodamage is caused by
the generation of reactive oxidative species via cellular
photosensitization (Bernstein et al., 2004). It has been
established that most of the endogenous chromophores
absorb in UV-B range although UV-A exposure results in
more oxidation than UV-B (Trautinger, 2001). UV-B is
directly absorbed by DNA in epidermal cells causing the
DNA mutations which activate skin melanogenesis or
formation of “sunburn” cells in the epidermis via apoptosis
of keratinocytes induced by p53 proteins. Prolonged
irradiation can suppress the p53 proteins resulting in the
accumulation of damaged cells and the initiation of
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mutagenesis and photocarcinogenesis (Gilchrest et al.,
1996).

Photoprotection of human skin using sunscreen is
focused on the prevention of acute sunburn and chronic skin
damage including photoaging and skin cancer that may
result from exposure of UV-A and UV-B radiation (Mc
Daniel et al., 2018). Many research studies are being
conducted on evaluation and development of sunscreen
containing plant-derived antioxidant compounds,
especially carotenoids and flavonoids because they protect
against sun damage by filtering the UV and neutralized the
UV-induced free radicals. Phenolic compounds such as
flavonoids can act as sun filters due to the presence of
aromatic rings that can absorb UV-A and UV-B at a
wavelength range of 200-400 nm (De Cooman et al., 1998;
Wang et al., 2011).

Carotenoids, pigments that responsible for the citrus
fruit peel’s color are synthesized using light as essential
source during fruit development. The intense coloration of
citrus fruit was primarily cause by the high concentration
of total carotenoids (Yokoyama and Vandercook, 1967).
Major carotenoids in citrus fruits such as o-carotene, [3-
carotene, lutein, zeaxanthin, and 3-cryptoxanthin have two
health care effects including anti-oxidative activity and as
vitamin precursor to slow down aging process and promote
immune functions (Shan, 2016). Previous study done by
DellaPenna and Pogson (2006) revealed that carotenoids
were the best natural component served as UV protector.
Meanwhile, the presence of antioxidants such as vitamins
C and E, and polyphenols of Citrus limon peel contribute
to endogenous photo-protection (Fernandez-Garcia, 2014).
Therefore, citrus fruit peels have gained considerable
attention for their potential use as effective agent for
preventing or reducing UV-induced oxidative damage,
photoaging and skin cancer. There are wide range of
carotenoids components in the nature with wide or varied
properties. Comparative study of different extraction
method for carotenoids is important to enhance its true
properties. In this study, fruit peels of lemon (Citrus limon)
and orange (Citrus sinensis) were selected to access the
influence of the extraction solvents (hexane, chloroform,
acetone, ethyl acetate and hexane) on the photoprotective
activity of their crude extracts.
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MATERIALS AND METHODS

Sample collection

About 30 C. limon and C. sinensis fruits were purchased at
fruit market in Giant, Shah Alam, Selangor. The fruits were
carefully selected without any blemish and defects. The
fruits were washed with tap water while the peels were
removed and cut into smaller pieces before freeze-dried. The
dried peels were grinded into uniform powder by using
electrical blender.

Extraction

The dried peels powders were extracted using Soxhlet
extractor based on modified method adapted from
Dumbrava et al. (2010). The organic solvents i.e., hexane,
chloroform, acetone, ethyl acetate and ethanol were used,
and extraction were done with 4 cycles. The obtained
extracts were concentrated under vacuum at 45°C.

2,2-Diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity

Antioxidant activity of extract was measured by using
DPPH free radical scavenging activity according to (Shirazi
et al.,2014), with some modifications. About 3 mL of DPPH
solution (4 mg in 200 mL of methanol) was mixed with 50
pL of extracts from various concentrations (10-500 pg/mL)
and incubated in darkness for 15 minutes. The absorbance
was measured at 515 nm. Dimethyl sulfoxide (DMSO) was
used as negative control while ascorbic acid was used as
positive control. An antioxidant reduces DPPH solution
from deep violet to yellow color. The percentage of
inhibition of DPPH by extracts was calculated by using the
following formula:

DPPH radical scavenging activity (%) = [(Abs
Abs )]/ (Abs . 1% 100
sample negative control):

negative control

Where, Abs
DMSO

is the absorbance of DPPH radical +

negative control

Abs_ . is the absorbance of DPPH radical + sample extract/
standard

The IC,, values of extracts (the concentration at which
50% of DPPH solution is scavenged) were calculated based
on the linear regression graph. Ascorbic acid with different
concentrations (20, 40, 60, 80 and 100 pg/mL) was used as

a positive control for comparison. All experiments were
performed in triplicate.

Sun protection factor (SPF) measurement

The absorbance of the prepared extracts (100ig/mL) was
determined between 290 and 320 nm by using UV-Visible
spectrophotometer (Kaur and Saraf, 2010). Dimethyl
sulfoxide (DMSO) was used as a blank and measurements
were made in triplicates. The obtained absorbance (A) was
multiplied with the respective EE (I) values and their
summation was taken and multiplied with the correction
factor (10). The formula as stated below:

320

SPF spectrophotometric = CF x X EE (A) x I (A) x Abs (A)
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Where, EE (A) is the erythmogenic effect of radiation with
wavelength A

I (M) is the solar intensity spectrum
EE (A) x I (A) are constants

Abs (M) is the absorbance values at wavelength A of test
sample

CF is the correction factor (= 10)
UV absorption spectrum measurement

The UV absorption spectrum for each test sample (100 pg/
mL) was measured over a wavelength range of 200 to 400
nm by using UV-Visible spectrophotometer. The absorption
spectrum of the extracts was compared to that of
epigallocatechin gallate (EGCG) standard (100 pg/mL)
(Patil ez al., 2009).

Statistical analysis

All results presented as mean + standard deviation. Data
were analyzed statistically using ANOVA with significance
level set at p<0.05 and post-hoc Tukey procedure was
carried out with SPSS 21 for Windows. Correlation between
antioxidant activities and sunscreen protection activities
was performed using the Pearson’s method (Fidrianny et al.,
2018).

RESULTS AND DISCUSSION

The peel’s extracts of C. limon and C. sinensis produced
from Soxhlet method using various solvents such as ethanol,
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ethyl acetate, acetone, chloroform, and hexane showed
different yield in this study (Table 1). Extraction yield
ranged from 4.2% to 15.0% and 3.0% to 23.1% for C. limon
and C. sinensis, respectively. It was noticed that extraction
yield increases with increasing polarity of the solvent used
in extraction for C. limon peels: hexane < chloroform <
acetone < ethyl acetate < ethanol. Generally, variation in
the extraction yield can be explained via different types of
bioactive compounds and their different solubilities in
various types of solvents. Lipophilic carotenoids can be
easily extracted via organic solvents, whereas hydrophilic
bioactive compounds such as ascorbic acid, pectin, and
sugars can be extracted via aqueous or aqueous alcoholic
solvents (Papoutsis et al., 2016).

Table 1: Extraction yield of C. limon and C. sinensis peels produced
from Soxhlet extraction

Solvent C. limon peels C. sinensis peels
Ethanol 15.0% 23.1%
Ethyl acetate 9.9% 6.1%
Acetone 6.6% 22.8%
Chloroform 5.9% 11.2%
Hexane 4.2% 3.0%

In terms of extraction yield, solvent such as alcohol were
found to be the best options. According to Gotmare and
Gade (2018), methanolic extract of orange peels recorded
the highest extraction yield of 55.6% compared to distilled
water (3.2%), acetone (2.2%) and hexane (1.8%). Similar
findings were also reported by Arora & Kaur (2013) on
extraction yield of orange peels where methanolic extract
gave the highest yield of 60.6% compared to distilled water
(12.7%), acetone (1.5%) and hexane (1.2%). Extraction
yield for acetone extract of orange peels obtained in this
study was higher compared to the aforementioned studies.
This differences in extraction yield could be due to slow
hours of shed drying (92 hours) and air drying (48 hours)
methods. In this study, freeze drying (24 hours) method was
used. Besides processing methods, the variation of
extraction yield could also be explained by the intrinsic
and extrinsic factors like age of plant, geographical climate,
nature of the soil, and season. Muraina and coworkers
(2008) reported variation of percentage yield in Anoigeissus
leiocarpus from two different regions of Nigeria: Zaria and
Jos (cooler due to lower ambient temperature). Similarly,
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Iloki-Assanga et al. (2015) reported significant differences
in extraction yield of phenolic compounds from
Phoradendron californicum of oak and mesquite, revealing
that environment in which the plants lived could be one of
the contributing factors.

The DPPH radical scavenging activity of C. limon and
C. sinensis peels extracts varied from 12.00-90.35% and
6.13-71.87%, respectively at concentrations ranging from
8-49 mg/mL (Figure 1 and 2). Among the tested extracts,
greatest antioxidant activity was observed in acetone
extract for C. limon (IC,:15.30 + 2.13 mg/mL) and C.
sinensis (IC,: 26.05+5.19 mg/mL) (Table 2). With the same
solvent (acetone), the highest extraction yield was observed
for C. sinensis peels in this study. Comparative studies of
antioxidant activity using different solvent extracts of
orange peels done by Park ef al. (2014) also suggesting
acetone as the best solvent for extracting antioxidant
compounds i.e., phenolics with good radical scavenging
action when compared to other solvents like ethanol and
methanol. Phenolics and other phytochemicals such as
flavonoids, alkaloids, and terpenoids possess powerful
antioxidant activity which can protect the human body
against oxidative damage through scavenging various types
of reactive oxygen species (Truong ef al., 2019).
Meanwhile, hexane extract for both citrus fruit peels were
poor in free radical scavenging activity with IC,, value of
more than 50 mg/mL. All C. limon extracts (except for
hexane extract) exhibited good radical scavenging activity,
which is comparable to the previous findings reported by
Chatha et al. (2011) for methanolic C. limon peels i.e., 20-
40 mg/mL. The statistical analysis showed that scavenging
activity of C. limon peels was found to be varied
significantly (p=0.000) between all extracts (ethanol, ethyl
acetate and acetone) and chloroform extract. The antioxidant
results obtained in this study is also similar to that reported
by Park et al. (2014). The authors had shown that the DPPH
radical scavenging activity of orange peel extract obtained
by using acetone (IC,: 0.78 mg/mL) as extracting solvent
was higher than that achieved by the using of solvents such
as ethanol (IC: 1.14 mg/mL) and methanol (IC,: 1.40 mg/
mL). Variations in the antioxidant potential can be
explained by the extraction methods used.

In contrary, the photoprotective activity was opposite
to the findings in DPPH activity. Chloroform extract showed
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Table 2: IC, value of DPPH scavenging activity of C. limon and
C. sinensis peel extracts. Each value represents a mean + SD (n =
3).

Solvent IC,, value (mg/mL)

C. limon peels C. sinensis peels
Ethanol 19.21 £2.75 31.84 £1.62
Ethyl acetate 21.82+1.33 33.14+£0.72
Acetone 15.30 £2.13 26.05+5.19
Chloroform 42.16 £ 1.49 33.08 £0.75
Hexane > 50 > 50

the highest photoprotective activity with SPF value of 9.06
+ 1.96 for C. limon and 7.90 £ 0.12 for C. sinensis (Table 3
& 4). All reported SPF results of C. limon peel extracts were
found not significantly different, except for chloroform and

Concentration (mg/mL)

acetone extract (p=0.001); and acetone and hexane extract
(p=0.015). Nevertheless, all reported SPF results of C.
sinensis were found significantly different (»p=0.000) except
for chloroform and acetone extracts (p=0.131). All peel
extracts of C. limon except for acetone extract showed
comparatively higher SPF values than reported study done
by Kaur and Saraf (2010) for hydroalcoholic dilutions of
lemon oil i.e., 2.810. Similarly, the SPF value of C. sinensis
peel extracts (chloroform, ethyl acetate and hexane) in this
study was higher as compared to the study done by Khelker
et al. (2017) for 200 pg/mL of petroleum ether extract of
orange peels produced from Soxhlet extraction method, i.e.,
3.086+0.14. Thus, it can be concluded that chloroform
solvent is efficient for enhancing the photoprotective
activity of citrus fruit peels. This is probably due to the
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Table 3: In vitro Sunscreen protection factor (SPF) of C. limon peel extracts. Each value represents a mean + SD (n = 3)

nm Ethanol Ethyl acetate Acetone Chloroform Hexane
290 0.06 £2.21 0.04 +£1.53 0.03+1.14 0.15+2.26 0.06 £0.16
295 0.38+2.10 0.34 +1.58 0.11 £0.27 0.97 £0.02 0.46 £0.15
300 1.39+£2.25 1.38+1.61 0.35+0.21 3.18+0.06 1.89£0.17
305 1.62 £2.38 1.68 +1.63 0.46 = 0.40 3.34 +£0.02 2.28+0.22
310 0.95+2.51 0.99 + 1.64 0.36 +0.08 1.74 £0.03 1.29 £0.23
315 0.44 +£2.63 0.45 +1.65 0.17 £0.37 0.65 +1.65 0.53+0.21
320 0.09 +1.99 0.09 £ 1.61 0.05+1.16 0.13+1.54 0.10 £0.20
SPF 4.95+2.38 5.11+1.63 1.39 £ 0.40 9.06 = 1.96 6.96 £ 0.22
Table 4: In vitro Sunscreen protection factor (SPF) of C. sinensis peel extracts. Each value represents a mean + SD (n = 3)
nm Ethanol Ethyl acetate Acetone Chloroform Hexane
290 0.02 +£1.31 0.10 £ 1.62 0.02 £0.30 0.06 = 1.70 0.10+1.34
295 0.16 £ 1.06 0.56 £ 1.03 0.13£0.55 041 +1.12 0.54 £ 0.91
300 0.65+0.75 1.99 +0.63 0.28 £0.85 1.62+0.74 1.88+0.51
305 0.82 +£0.55 2.33+0.44 0.64 £0.28 2.05+0.50 2.17+0.33
310 0.51 £0.38 1.38 £0.31 0.27+£0.21 1.29 £0.31 1.24 £0.23
315 0.24 +£0.27 0.64 £0.25 0.16 £0.10 0.63 +£0.20 0.55+0.19
320 0.05+0.19 0.14 +£0.21 0.02+0.42 0.14+0.12 0.11+0.18
SPF 2.70 £ 0.51 7.34 £0.05 1.96 £ 0.28 7.90 £0.12 6.75+0.33
Figure 3: UVA/UVB absorption 4
spectrum of different Soxhlet 15 s Ethanol == Ethyl acetate Acetone
extracts from peels of C. limon i
by different solvents 3 s Chloroform e Hexane
& 25
=
2
1:5
1
0.5
0
200 250 300 350 400

presence of high concentration of apolar bioactive
compounds like flavonoids (isoflavones, flavones and
methylated flavones) and carotenoids since chloroform, an
apolar solvent is commonly used to extract apolar nature
compounds (Chavez-Gonzalez et al., 2020; Saini & Keum,
2018).

In terms of UV absorption (Figure 3 & 4), all peel extracts
of C. limon displayed a higher UVB absorption, except of
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Wavelength (nm)

acetone extract which showed higher UVA absorption;
however, all peel extracts of C. sinensis showed broad
absorption at UVA and UVC regions, while highest
absorption was observed between 310-350nm (UVB and
UVA regions). This result indicates the potential of C.
sinensis peel extracts in preventing skin cancer as higher
doses of UVB may cause sunburn which increase the
likelihood of developing cancer. The potential of Citrus
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Table 5: Correlations between the IC, values of free radical
scavenging activity and SPF value of different Soxhlet extracts from
peels of C. limon and C. sinensis by different solvents. Each value
in the table is represented as mean + SD (n = 3). * Indicates
significance at p<0.05

IC,, of DPPH

Correlation R?
SPF (Citrus limon) SPF (Citrus sinensis)

Ethanol 0.825 -0.646
Ethyl acetate 0.603 -0.372
Acetone -0.768 0.825
Chloroform -0.981 0.975

sinensis as photoprotector against UV damage was
supported by Yoshizaki et al. (2014). The authors had
reported orange peel extract suppressed UVB-induced COX-
2 expression and prostaglandin E, (PGE,) production due
to the presence of high levels of polymethoxy flavonoids
(PMFs).

The correlation between DPPH IC,, and SPF values of
C. limon and C. sinensis peel extracts which estimated using
Pearson’s method were found to be not significant (p> 0.05)
in this study (Table 5). Positive correlations were observed
in ethanol (= 0.825) and ethyl acetate (= 0.603) extracts
of C. limon; in acetone (r= 0.825) and chloroform (r= 0.682)
extracts of C. sinensis. Meanwhile, negative correlations
were observed in acetone (7= -0.768) and chloroform (r= -
0.981) extracts of C. limon; in ethanol (r= -0.646) and ethyl
acetate (r= -0.372) extracts of C. sinensis. These findings
were in agreement with previous study done by

250 300 350 400

Wavelength (nm)

Ebrahimzadeh et al. (2014) that no correlation was found
between SPF and antioxidant activity (r= 0.014, p= 0.560)
in tested extracts i.e., S. ebulus, Zea maize, E sellowiana
and C. pentagyna.

CONCLUSION

Solvent chloroform is efficient in enhancing the
photoprotective activity of citrus fruit peels due to its
highest SPF value. High absorption was detected at both
UVA and UVB regions from all tested extracts, suggesting
its great potential as UV protector against harmful UV
radiations. In general, the photoprotective activity of tested
extracts did not has any negative impact on the antioxidant
components. Further research should be conducted on
identifying the photoprotective compounds in citrus
extracts to increase its application and uses as
cosmeceuticals for improving the quality of life.
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