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ABSTRACT

This study aimed to evaluate the antioxidant, antitumor, antimicrobial activities and
phytochemicals of ethanolic fruit peel extracts (orange, lemon, tangerine,
watermelon, kiwi, carrot, banana and goldenberry) as fruit peels have been a
valuable source for maintaining human health. Free radical scavenging activity of
the peel extracts was evaluated by using the DPPH (1, 1-Diphenyl-2 -picryl
hydrazyl) method. The antitumor activity of breast cell line (MCF-7) was
determined by the Sulphorhodamine-B (SRB) assay. The antimicrobial efficacy
was determined using hole plate method against eight pathogenic microorganisms.
Also, phytochemical estimation of the extracts was performed using standard
methods. The results showed that carrot and watermelon peels give the highest free
radical inhibition. Moreover, they showed highest tumor inhibition of the breast
cell line. Most of ethanolic peel extracts were found to be active against the tested
strains. Overall maximum extracts showing the antibacterial activity range from 1
to 8.5 cm and maximum extracts showing an antifungal activity range from 2.5 to
8.5 cm. Alkaloids were not found in all peels, whereas phenolics, carotenoids,
saponins, flavonoids, tannins were found in most of the tested extracts. The
obtained results suggest that carrot and watermelon extracts have the highest
antioxidant and antitumor activities. The lemon peel extract has the best
antibacterial activity, while the banana peel extract has the best antifungal activity.
They all contain pharmacologically active compounds and thus provide the
scientific basis for the traditional uses of the studied peels in the treatment of fungal
and bacteria infections.

Introduction

Fruit peels have been a valuable source for
maintaining human health. The use of fruit
peel extracts for antimicrobial properties can
be of great significance in therapeutic
treatments. Fruits by-products such as seeds,
peels, stems, barks and leaves usually been
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discarded and currently the cause of a
serious disposal problem in food and
agricultural industries (Ghasemi et al.,
2009). Therefore, extensive researches on
utilizing these wastes are being carried out
worldwide.
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The peel was found to contain much higher
beneficial compounds that possessed
antioxidant capacities compared to other
fruit parts (Lim et al., 2006).

The natural bioactive compounds in fruits
such as carotenoids, quercetin derivatives,
phenolic acids and saponins are originally
found in the peels with higher concentration
towards the flesh (Goulas and Manganaris
et al., 2012). Recent studies confirmed the
substantially higher amount of phenolic
compounds and ascorbic acids in the peel
than in the pulp of most of the fruits. Jeong
et al. (2004) claimed that the peel usually
contains higher bioactive compounds in
order to protect the inner materials from
deterioration by insects and microorganism.

The importance of natural bioactive
compounds has led to the development of a
large and potential market for natural
sources in pharmaceutics and food products
Polyphenols in the plants considered to be
free natural radical defense that were
acknowledged to be beneficial for human
health as an antioxidant, antitumor, and anti-
microbial agent (Ighodaro, 2012).

The aim of this study is to highlight some
biological activities of ethanolic extracts of
the selected fruit peels. In essence, we
quantified the phytochemical content and
determined in vitro antioxidant, antitumor
activities and their potential as bacterial and
fungal inhibitors.

Material and Methods

Collection of fruit peels

Citrus sinensis (orange), Citrus reticulata
(tangerine), Citrus Limon (lemon), Citrullus
lanatus (watermelon), Musa acuminata
(banana), Actinidia deliciosa (kiwi), Daucus
carota (carrot) and Physalis peruviana
(goldenberry) fruits were purchased from a
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well known market in Tanta city, Gharbia
Governorate, Egypt and identified according
to Ahmed, 2003. Fruit peels were extracted
with ethanol.

Method of extraction

The fruits were cleaned and peeled, and then
the peels were freeze-dried and grinded into
fine powder using an electric blender. The
powder was dried in an oven at 40°C for 24
h. The fine powder sample (2000mg) was
extracted in 100 ml ethanol for 24 h using a
shaker, then the extract was filtered and the
samples were stored at 4°C until use
(Sumathy and Sumathy, 2011)

Determination of antioxidant activity

Diphenyl picryl hydrazyl (DPPH) radical
scavenging assay

DPPH stable free radical scavenging activity
was determined by the method of Blois,
1985. Three ml of each ethanolic fruit peel
extract (2 mg/ml) was added to 1ml of a 0.1
mm solution of DPPH in methanol. After
incubation at 37°C for 30 min, absorbance
was measured at 517 nm against control
using a spectrophotometer (Hitachi).

Ascorbic acid was used as the reference
materials. The percentage of inhibition was
calculated by comparing the optical density
values of the extract with those of the
controls.

Determination of antitumor activity

Breast carcinoma cell line “MCF-7" was
obtained frozen in liquid nitrogen (-180 °C)
from the American Type Culture Collection.
The antitumor activity of fruit peel extracts
against this cell line was measured at the
National Cancer Institute, Cairo, Egypt.
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Sulphorhodamine-B of

cytotoxic activity

(SRB) assay

The sensitivity of the human tumor cell line
of fruit peel extracts and thymoquinone as a
standard drug (50 ug/ml) was determined by
the SRB assay, according to that of Shekan
and Storeng (1990).

Microbial strains

Bacterial cultures of Staphylococcus aureus,
Escherichia  coli and  Pseudomonas
aeruginosa, Yyeast cultures of Candida
albicans and fungal cultures of Aspergillus
niger, Aspergillus flavus, Penicillium
digitatum and Fusarium oxysporum (Human
pathogenic clinical isolates) were obtained
from the Laboratory of Microbiology,
Botany Department, Faculty of Science,
Tanta  University. The strains were
maintained on agar slants at 4 °C and
activated at 37 °C for 24 h on nutrient agar
(NA) for bacteria and on Sabouraud's
dextrose agar (SDA) for yeast, while, fungi
were activated at 29°C for 4 days on SDA
media before any susceptibility test.

Determination of antifungal activity

Fungal spores were prepared by the method
of Guleria and kumar (2006). Spores were
isolated from the 10 days old culture of the
above mentioned selected fungal cultures by
flooding culture plates with 5 ml of sterile
distilled water and spores were dislodged by
using L-shaped plates. Spore suspension was
then prepared in liqguid SDA media to obtain
a concentration of 3x 10> spore/ml. To
determine the antifungal activity of fruit peel
extracts, the agar-well diffusion method was
followed in which the fungal spore
suspension was spread on (SDA) solid
plates. Regular wells were made in the
inoculated agar plates by a sterile cork borer
with a 0.8cm diameter. Each well was
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aseptically filled up with 100uL from each
extract of 20mg concentration. The plates
inoculated were incubated at 29°C for 4
days. After incubation, the diameter of
inhibition zones (DIZ) was measured. Three
replicas were made for each tested extract.

Determination of anticandidal and
antibacterial activities
An agar well diffusion method was

employed in anticandidal and antibacterial
activities of each fruit peel according to
Prashanth et al. (2001). Candida and all
bacteria were suspended in sterile water and
diluted to 10° CFU/ml. The suspension
(100puL) was spread onto the surface of SDA
and NA media respectively. Wells (of 0.8
cm in diameter) were cut from the agar with
a sterile borer and 100uL extract solutions
of 20mg concentration were delivered into
the wells. The inoculated plates were
incubated at 37°C for 24 h. The antibacterial
activity was evaluated by measuring the
diameter of the inhibition zone (DI1Z) of the
tested bacteria and the DIZ was expressed in
centimeters. All tests were performed in
triplicates.

Different concentrations from the highest
fruit peels extract against microorganisms
(10, 20, 30, 40, 50, 60, 70, 80 mg) were
tested with NA broth or SDA broth and
colony forming units were counted to
determine  the  minimum inhibitory
concentration (MIC) according to Radhika
et al. (2008). The minimal inhibitory
concentration (MIC) of the extract was
found to be the lowest concentration of the
extract giving the highest inhibitory effect
on microorganism. Chloramphenicol and
fluconazole with the same concentrations
served as a positive control for bacteria and
fungus respectively to determine the
sensitivity of each microbial species.
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Qualitative analysis of secondary
metabolites

Fruit peel extracts were subjected to
preliminary screening for the presence of
secondary metabolites (alkaloids, saponins,
carotenoids,  flavonoids, tannins  and
phenolics) by using standard procedures
(Trease and Evans, 1989) with some
modifications by Sazada et al. (2009).
Quantitative of
metabolites

analysis secondary

Estimation of total phenolic compounds

Phenolic compounds were extracted from
each fruit peel extract according to the
method outlined by Jindal and Singh, 1975.
One gm of powdered extract was extracted
with 80 % aqueous ethanol and centrifuged
at 3000 rpm for 20 min. One ml of the
sample was mixed with 1 ml of Folin-
Ciocalteau phenol reagent and one ml of
20% anhydrous sodium carbonate, and then
completed up to 5 ml with distilled water.
The optical density of the blue color was
measured after 30 min. at a wavelength of
650 nm against water-reagent blank. The
phenolic content was obtained from a
standard curve of pyrogallol and then
calculated as mg phenolic per gram dry
weight.

Estimation of the total flavonoids

The aluminium chloride colorimetric
technique was used for the flavonoids
estimation (Chang et al., 2002) Each fruit
peel extract (0.5 ml of 1:10 g /ml) in
methanol was separately mixed with 1.5 ml
of methanol, 0.1 ml of 10% aluminium
chloride, 0.1 ml of 1 M potassium acetate
and 2.8 ml of distilled water. It was left at
room temperature for 30 min, afterwards,
the absorbance of the reaction mixture was
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measured at 416 nm with a double beam
UV/Visible spectrophotometer. The total
flavonoids content was obtained from a
calibration curve, which was plotted by
preparing the quercetin solutions at
concentrations of 12.5 to 100 g/ml in 90 %
methanol.

Estimation of the total Saponins

The method of Obdoni and Ochuko (2001)
was used. 20 g from each fruit peel was put
into a conical flask and 100 ml of 20%
aqueous ethanol was added. The samples
were heated on a water bath for 1 h with
continuous stirring at 55°C. The mixture
was filtered and the residue re-extracted
with another 200 ml 20% ethanol. The
combined extracts were reduced to 40 ml
over a water bath at about 90°C. The
concentrate was transferred into a conical
flask of 250 ml and 20 diethyl ether was
added and shaken vigorously. The aqueous
layer was recovered while the ether layer
was discarded. This process was repeated
and 60 ml of n-butanol was added. The
combined n-butanol extracts were washed
twice with 10 ml of 5% aqueous chloride.
The remaining solution was heated in a
water bath. After evaporation, the samples
were dried in the oven to a constant weight
and the saponin content was calculated in
percentage.

Estimation of tannins

Each fruit peel extract (0.5 g) was extracted
with 300 ml of diethyl ether for 20 hours at
room temperature. The residue was boiled
for 2 h with 100 ml of distilled water, left to
cool and was then filtered. The extract was
adjusted to a volume of 100 ml in a
volumetric flask. The content of tannins in
the extract was determined colorimetrically
by using Folin Denis reagent, and measuring
the absorbance of the blue complex at 760
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nm, using a tannic acid solution as a
standard solution (Chanwitheesuk et al.,
2005)

Estimation of carotenoids

About 5g of each fruit peel powder was
extracted with 10 ml of 95% ethanol and
incubated at 50° C for 60 min until the
extraction phase was colorless. The final
volume of the carotenoids extract was
adjusted to 75 ml by adding 95% ethanol.
The optical density value of the carotenoids
extract was determined by UV-vis
spectrophotometer at 450 nm. The total
carotenoids yield (pg/g dry weight) was
calculated according to Tao et al. (2008)
formula as follows:

Carotenoids yield (ug /g dried weight) = V
(A-0.0051) / 0.175w

Where, A is the absorbance value of the
diluted extraction at 450nm. V is the final
volume of the extract, 0.175 is the extinction
coefficient of carotenoids and W (g) is the
weight of dried powder.

Statistical analysis

All results were expressed as mean values +
standard deviation. Comparisons were
performed by analysis of variance
(ANOVA). Statistical analyses were run
using SAS software.

Result and Discussion

The antioxidant activities of different fruit
peel extracts were measured by the ability to
scavenge DPPH free radicals and compared
with the ascorbic acid as standard. It was
observed from the table 1 that the carrot
extract at a concentration of 2 mg/ml
showed a higher activity than ascorbic acid,
followed by the watermelon. The highest
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scavenging activity were found in carrot and
watermelon extracts, followed by
goldenberry and banana extracts, while
lemon and Kiwi extracts showed moderate
scavenging activity, followed by tangerine
and orange extracts. This study also showed
that the carrot and watermelon extracts had
significantly higher proton donating ability
and could serve as free radical inhibitors or
scavenging, possibly acting as primary
antioxidants.

Cytotoxicity of ethanolic fruit peel extracts
at concentrations of 50 pg/ml on human
breast carcinoma cell line MCF-7 was
detected by measuring the percentage of cell
viability using the SRB assay method.
Results depicted in table 2 summarized the
cytotoxic effect of different fruit peel
extracts and thymoquinone as a positive
control. Carrot and watermelon extracts
seemed to be highly significant at P<0.001
as they showed the highest cytotoxic activity
on the tested cell line followed by
goldenberry and banana.

While kiwi and lemon showed moderate
cytotoxic activity compared to
thymoquinone followed by tangerine and
orange.

Antifungal activities

There was a significant variation in the
antifungal activities (D1Z) of different fruit
peel extracts. For A. niger, the DIZ values
were between 6 and 8.5 cm, only 4 extracts
were inhibitory for this fungus, the highest
inhibitory one was the banana extract. In the
case of A. Flavus, the DIZ values recorded
were between 1.5 and 6.5cm. A high effect
was noted only for the carrot extract,
followed by banana, kiwi and goldenberry
extracts. For P. digitatum, the inhibitory
effects were recorded only by 4 ethanolic
extracts of the banana, kiwi, carrot and
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goldenberry. DIZ values were 8, 6, 6 and 6
cm respectively. In the case of F.
oxysporum, the DIZ values of eight
ethanolic extracts were between 5.5 and 8.5
cm. The maximum inhibitory effect was
recorded in the Kiwi extract; however, the
watermelon and tangerine extracts had a
much less inhibitory effect. The results of
different fruit peels on Candida albicans
showed some variation. A weak anticandidal
effect was recorded for banana, kiwi and
watermelon, followed by carrot and less
effect was recorded in the other 4 extracts.
The results of these extracts are presented in
table 3.

Antibacterial activities

In the present study, the antibacterial effect
of the different fruit peel extract was studied
on three diverse bacteria were shown in
table 3. For E. coli, the DIZ values were
between 1.5cm and 3.5cm. The highest
inhibitory effect was recorded for the lemon
extract. Yet for orange, lemon and banana
extracts, high antibacterial activity was
recorded for S. aureus, followed by the
watermelon extract, while no activity was
recorded for the other four extracts.

The antibacterial effect recorded for P.
aeruginosa was quite different from other
bacteria. In this case of bacteria, lemon and
Kiwi  extracts showed the highest
antibacterial effects, followed by
watermelon and banana extracts. While,
goldenberry, orange and tangerine extracts
showed the least inhibitory effect, followed
by the other two extracts.

Results of MIC were represented in figure 1.
The data indicated that the extracts exhibited
varying levels of antimicrobial activity
against the investigated microorganisms.
The inhibitory properties of the most
effective extracts were observed within a
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range of concentrations from 10 to 80
mg/ml. The maximum activity of the orange
extract was observed against F. oxysporum
and S. aureus with MIC of 30 and 20 mg/ml
respectively. Also, the lemon extract was
observed against F. oxysporum, P.
aeruginosa and S. aureus with MIC of 30,
20, 20 mg/ml respectively. Moreover, the
banana extract was observed against F.
oxysporum, S. aureus, P. digitatium and A.
niger with MIC of 20, 30, 30 and 20 mg/ml
respectively.

F. oxyporum, A. niger and S. aureus showed
high susceptibility to kiwi extract with an
MIC of 30, 20 and 20 mg/ml. Furthermore,
the goldenberry extract was observed
against F. oxysporum and A. niger with MIC
30 and 20 mg/ml. While A. Flavus showed
high susceptibility to carrot extract with an
MIC of 30mg/ml. The weak inhibitory effect
of fluconazole for fungi and
chloramphenicol for bacteria was also
observed against all microorganisms with
the MIC between 40 to 80 mg/ml, as in
figure 1.

The results of the qualitative analysis of fruit
peel extracts, as in table 4, showed the
absence of alkaloids and the presence of
saponins, carotenoids, phenols, flavonoids
and tannins in all extracts, while saponins
were absent in Kiwi extract.

Table 5 represented the quantitative analysis
of fruit peel extracts. The contents of the
total phenolics and flavonoids measured in
the lemon extract were 335 and 10.4 mg/g,
thus more significant than in orange and
tangerine, followed by the other extracts.
Tannins and carotenoid contents of 79.6 and
0.39 g/g were more significant at P<0.0001
in carrot extract than in others. However,
banana and lemon extracts had higher
saponin contents of 0.9 and 0.75 mg/ml
respectively.
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Several works have been done to evaluate
the  phytochemical compositions and
antimicrobial activities of different parts of
diverse fruits, with the aim of using these
fruits for the treatment of microbial infection
as possible alternatives for synthetic drugs
which many infectious microorganisms have
developed resistance. The effect of plant
constituents can combat human and plant
pathogenic bacteria, fungi and viruses
without toxic side effects and environmental
hazard (Hsieh et al., 2001).

The model DPPH provides a method to
evaluate the antioxidant activity in a
relatively short time compared to the other
methods. In the present study the total
ethanol extract of carrot and watermelon
peel extracts showed high scavenging
activity of DPPH radical in a dose
dependent manner with the maximum
reactive rates of 92.6 and 89.2 %, followed
by goldenberry and banana peel extracts
corresponding to 91.8 % for standard
ascorbic acid. This was in agreement with
Shyamala and Jamuna (2010) who reported
that the carrot and watermelon had a high

antioxidant activity. Furthermore,
goldenberry and banana peel extracts
showed high antioxidant activity by

Ramadan and Joersel (2007) and Baskar et
al. (2011).

Drug discovery is the key attempt of our age
to overcome many life-threatening diseases
such as cancer. Plant extracts that contain
several pluripharmacological compounds
have been reported to act on multiple
molecular and cellular targets, and such
approach is gaining support to fight against
cancer. The present study identified the peel
extracts of carrot, watermelon, goldenberry
and banana as a source of antitumor, as well
as an anticancer agent. Carrot and
watermelon extracts showed cytotoxic
activity against breast cancer cell line in
which the cell viability decreased to 24.4%,
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and 29.2% respectively, followed by
goldenberry and banana. This was in
accordance with the Cai et al. (2004)
suggested antitumor activity of carrot peels
at 28% for breast cancer cell line. Also,
Baskar et al. (2011) showed a high
cytotoxic effect of watermelon peels against
the colon cancer cell line. Moreover,
Ramadan and Joersel (2007) represented the
antitumor activity of goldenberry and
banana.

Carrot and watermelon had a wide and
complex spectrum of phytochemicals as
they contain phenolics, flavonoids, tannins,
carotenoids and saponins. These active
bioconstituents of carrot and watermelon
may constitute potential qualities in its
curative action. These records were similar
to Shyamala and Jamuna (2010) who
showed similar phytochemicals in both
extracts. It had been hypothesized that the
antioxidant properties of some
phytochemicals may protect tissues against
oxygen derived from free radicals and lipid
peroxidation (Halliwell, 1994) which might
be involved in several pathological
conditions such as cancer and chronic
inflammation (Varghese et al., 2013).

This was in agreement with Saleem et al.
(2001) who reported that among 37
medicinal plant extracts, T. chebula fruit
extract had higher phenolic and tannins
contents and a higher antioxidant and
anticancer activity. This means that
antioxidants are known to play a key role in
reducing cancer cell proliferation as in carrot
and watermelon peels extract.

The present survey represented that some
peel extracts such as Musa acuminata,
Actinidia deliciosa Daucus carota and
physalis peruviana, possessed antifungal
activity against A. niger, P.digitatum, A.
flavus and Candida albicans.
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Table.1 Antioxidant activity (radical scavenging effect) of some fruit peels, in comparison to

ascorbic acid at a concentration of 2 mg/ml

Tested material Inhibitory percentage of DPPH radical (%)
Ascorbic 91.8610.058
Orange 41.40£0.10
Tangerine 50.661-0.25
Lemon 56.2640.15
Watermelon 89.1610.05
Banana 69.561+0.11
Kiwi 53.504-0.10
Carrot 92.4640.11
goldenberry 70.4040.10
F 67031.85
P-value <0.001**

** P value is statistically highly significant at the 0.001 level.

Table.2 Anti-tumor activity of some fruit peel extracts against breast cancer cell line (MCF-7),
in comparison to the commercially available thymoquinone anti-tumor drug at a concentration of

(50ug/ml)
Tested material Percentage of cell viability (%)

Thymoquinone 23.7010.10
Orange 57.8310.05
Tangerine 50.031:0.05
Lemon 35.0310.05
Watermelon 29.2010.10
Banana 32.6010.10
Kiwi 34.1610.05
Carrot 24.4010.10
Goldenberry 31.2010.10

F 55465.47

P-value <0.001**

** P value is statistically highly significant at the 0.001 level
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Table.3 Antimicrobial activity of 20 mg/ml ethanolic extracts of different fruit peels

Fruit peels Diameter of inhibition zone (cm)
A.niger Aflavus P. digitatum | F.oxysporum | C. albicana E. coli S.aureus | p aerginosa
Orange 0.00 0.00 0.00 6.00£1.00 0.00 0.00 8.50£0.50 | 1.500.50
Tangerine 0.00 0.00 0.00 5501050 | 0.2310.05 0.00 0.00 0.5310.05
Lemon 0.00 0.00 0.00 6.00+1.00 | 0.23+0.05 | 3501050 | 8.50+0.50 | 8.5340.05
Watermelon 0.00 0.00 0.00 5.50+0.50 | 0.73%0.05 | 3.00+1.00 | 1.93+0.05 | 3.631+0.05
Banana 8.66+0.28 | 2.501+0.10 | 8.00%1.00 7.53+0.05 | 0.73%+0.05 | 1.50+0.50 | 8.50+0.50 | 3.00%+1.00
Kiwi 7.00+1.00 | 2.53+0.05 | 6.331+0.57 8.661+0.28 | 0.7310.05 0.00 0.00 8.5010.50
Carrot 5.50+0.50 | 6.53+0.05 | 6.00%0.50 6.33+0.57 | 0.53+0.05 0.00 0.00 0.00
Goldenberry | 7.50+0.50 | 1.53+0.05 | 6.00+0.50 6.6610.57 0.00 0.00 0.00 2.3310.57
F 233.62 6214.64 167.24 8.76 124.57 35.42 575.33 143.24
P-value <0.001** | <0.001** <0.001** <0.001** <0.001** | <0.001** | <0.001** | <0.001**
** P value is statistically highly significant at the 0.001 level.
Table.4 Qualitative phytochemical estimation for selected fruit peels
Component Fruit peels
Orange | Tangerine | Lemon | Watermelon | Banana | Kiwi | Carrot | goldenberry
Saponins +ve +ve +ve +ve +ve -ve +ve +ve
Carotenoids | +ve +ve +ve +ve +ve +ve +ve +ve
Phenolics +ve +ve +ve +ve +ve +ve +ve +ve
Flavonoids +ve +ve +ve +ve +ve +ve +ve +ve
Alkaloids -ve -ve -ve -ve -ve -ve -ve -ve
Tannins +ve +ve +ve +ve +ve +ve +ve +ve
Table.5 Quantitative phytochemical estimation for selected fruit peels
Fruit peels Component concentration (mg/g)
Saponins Carotenoids Phenolics Flavonoids Tannins
Orange 0.231+0.05 | 0.22%0.01 334.8310.05 4.6310.05 41.70%0.10
Tangerine 0.221+0.00 | 0.2840.01 304.03+0.058 | 4.8910.01 41.7610.05
Lemon 0.75+0.00 | 0.0940.00 335.0010.10 10.43+0.05 | 48.1310.05
Watermelon 0.25+0.00 | 0.3440.00 70.2010.10 1.2940.00 45.7010.10
Banana 0.93+0.05 | 0.0910.00 142.5010.10 0.4510.00 50.6010.10
Kiwi 0.00 0.3710.00 78.6010.10 0.0610.00 60.2010.10
Carrot 0.33+0.05 | 0.3910.01 71.2010.10 0.7010.00 79.6310.05
Goldenberry 0.341+0.00 | 0.0940.00 166.2510.05 0.6410.01 | 55.6010.100
F 221.01 1097.12 5717308.52 44623.28 63688.39
P-value <0.001** <0.001** <0.001** <0.001** <0.001**

** P value is statistically highly significant at the 0.001 level.
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Figure.1 MIC values (mg/ml) of the most effective fruit peels against tested microorganisms in
incomparison to commercial drug
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