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Background/aim

Cape gooseberry is golden-colored spherical fruit commercially produced in Egypt. Itis primarily
used in folk medicine for treating some diseases. To identify the aroma compounds in Cape
gooseberry and to evaluate its antioxidant activities as well as its anticancer (for colon and
breast cancers) effects in human cell lines.

Materials and methods

The volatile compounds were identified using gas chromatography (GC) and gas
chromatography—mass spectrometry (GC—-MS). Polyphenols (phenolics and flavonoids) were
also determined. Antioxidant activity was determined by three different methods: 2,2 -diphenyl-
1-picrylhydrazyl (DPPH), 2,2-azinobis(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS), and
ferric reducing antioxidant power (FRAP) assays. Anticancer (for colon or breast cancer)
activity was determined in cancer cell lines using 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) assay.

Results

A total of 34 components of the essential oil were identified by GC and GC-MS. The volatile
compounds were grouped in classes of substances, including 11 terpene compounds (six
monoterpenoids and five sesquiterpene), 11 esters, five alcohols, two phenolic compounds,
two aldehydes, two ketones, and one lactone. Terpenes (monoterpenes and sesquiterpenes)
were the most abundant volatile constituents, accounting for the largest portion of the total
volatiles (36.09%). The next most abundant compounds were esters, comprising 17.17% of
the total volatile components identified. Phenolic compounds were the next most abundant
compounds, comprising 16.04% of the total volatiles. Alcohols and aldehydes represented
6.37 and 1.88% of the total volatile compounds, respectively. Ketones and lactones are less
abundant in the profile of volatile compounds in Cape gooseberry. Ethanol extract had higher
phenolic and flavonoid contents than did hexane extract. As ethanol extract of Cape gooseberry
achieved higher antioxidant activity than did hexane extract, it tested as an anticancer (for
colon or breast cancer) agent. Cape gooseberry extract was more potent in inhibiting colon
cell lines (IC,;: 142 ug/ml) compared with breast cell line (IC,: 371 ug/ml).

Conclusion

Egyptian Cape gooseberry fruits may be suggested as a potential source of natural antioxidants
and anticancer agents.
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Introduction

Cape gooseberry  (Physalis  peruviana  Linn.,
Solanaceae) has been grown in Egypt, South

Functional foods represent an emerging market of
growing economic importance. International markets
exist for many exotic fruits, and recently the processing
of tropical fruits started in many countries [1]. In 2005,
there were more than 1.8 million acres of berry crops
worldwide including 966 acres of gooseberries [2].

Cape gooseberries are annuals or short-lived
perennials, and are flavor and appearance, though the
taste (sweet and sour) is much richer with a hint of
tropical luxuriance. The plant is fairly adaptable to wide
variety of soils and good crops are obtained on poor

sandy ground [1,3].
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Africa, India, New Zealand, Australia, and Great
Britain [4,5]. Cape gooseberry (P peruviana L.)
is a cherry-sized, yellow-fleshed intriguing berry,
which was originally cultivated in the Andes. The
round orange fruit is loosely enclosed in a papery
husk, which provides a natural wrapper for storing
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the fruit, as long as it is kept dry. Cape gooseberry
is used in folk medicine for treating diseases such as
malaria, asthma, hepatitis, dermatitis, diuretic, and
rheumatism [6,7].

Many medicinal properties have been attributed to
Cape gooseberry, including antiasthmatic, antiseptic,
and strengthener for the optic nerve, and it is used in
the treatment of throat affections and elimination of
intestinal parasites, amoebas as well as albumin from
kidneys. It has an antiulcer activity and it is effective
in reducing cholesterol level [8,9]. Berries have been
shown to provide significant health benefits because of
their high antioxidant content [2].

In addition to having a future as a fresh fruit, the fruit
can be consumed in many ways as an ingredient in
salads, cooked dishes, dessert, jam, natural snack, and
preservers. Its extract can also be used for preparing a
health drink [5]. This will be important as an indication
of the potentially nutraceutical and economical utility
of Cape gooseberry as a new source of bioactive
phytochemicals and functional foods. The extracts can
provide a cheap and sustainable method toward disease
reduction and can eventually improve the quality
of life of the rural and periurban poor in developing
countries [10].

Aroma and flavor are among the most important
attributes and quality criteria that affect the
consumption of fruits, and both qualitative and
quantitative information is desired for characterizing
aroma-producing compounds [11]. However, many
synthetic antioxidants used in foods, such as butylated
hydroxyanisole and butylated hydroxytoluene, may
accumulate in the body, resulting in liver damage and
carcinogenesis [12]. For this reason, more attention has
been paid to natural nontoxic antioxidants in an effort
to protect the human body from free radicals and retard
the progress of many chronic diseases, especially cancer.
Recently, it was found that many natural extracts from
plant sources posses high antioxidant activity and play
an excellent role as free radical scavengers in human

body [13-15].

Natural extracts from different plants growing in
Egypt posses high antioxidant activity and high
content of phytochemicals [16-18]. According to our
knowledge, very little information exists regarding
the chemical composition of volatiles and antioxidant
activity as well as bioactive effects of Egyptian Cape
gooseberry extracts. Thus, this study has four main
objectives:

(1) To identify the volatile compounds of Egyptian
Cape gooseberry fruits by gas chromatography
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(GC) and gas chromatography—mass spectrometry
(GC-MS);

(2) To determine phenolic and flavonoid content of
the Cape gooseberry fruit extracts;

(3) To evaluate the antioxidant capacity of its extracts
by three difterent methods; and

(4) To evaluate the anticancer (breast and colon) cell
lines of its extract.

Methods
Plant

Egyptian Cape gooseberries (P peruviana L.), widely
cultivated in Nil Valley, were obtained from a local
market of Cairo (Egypt). Completely healthy fruits
were selected and analyzed as a whole.

Extraction of volatile components

Cape gooseberry fruits were cut to small pieces with a
knife and blended for 3 min with a blender (Moulinex,
France). Tissues of Cape gooseberry fruits were rapidly
juiced and the volatiles were isolated using a dynamic
headspace system. The sample was purged for 3 h with
nitrogen gas at a flow rate 100 ml/min. The headspace
volatiles were swept into cold traps containing diethyl
ether and held at -10°C. The volatile extracts were
dried over anhydrous sodium sulfate for 1 h, and then
reduced to 1 ml by using rotary evaporator (Heidolph,
Germany) [19].

Identification of volatile compounds
Gas chromatography analysis

About2 pl of each pure volatile oil was used. GC analysis
was performed by using Hewlett-Packard model 5890
(Hewlett-Packard, Perkin elmer Co., USA) equipped
with a flame ionization detector. A fused silica capillary
column DB-5 (Zebron Co., USA) (60 m x 0.32 mm,
internal diameter) was used. The oven temperature
was maintained initially at 50°C for 5 min, and then
programmed from 50 to 250°C at a rate of 4°C/min.
Helium was used as the carrier gas, at a flow rate of
1.1 ml/min. The injector and detector temperatures
were 220 and 250°C, respectively. The retention indices
(Kovats index) of the separated volatile components
were calculated using hydrocarbons (C7-C21; Sigma-
Aldrich Co.) as references [20].

Gas chromatographic—mass spectrometric analysis

'The analysis was carried out by using a coupled GC
Hewlett-Packard model 5890/MS Hewlett-Packard
MS 5970 (Hewlett-Packard). The ionization voltage
was 70 ¢V, and the mass range 7/z was 39-400 a.m.u.
The isolated peaks were identified by matching
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with data from the library of mass spectra (National
Institute of Standard and Technology), and compared
with those of authentic compounds and published
data. The quantitative determination was carried out
on the basis of peak area integration. Identification
of the GC components was also confirmed with the
help of National Institute of Standard and Technology
mass spectra library data, as well as on comparison
of their retention indices with those of authentic

compounds [20].

Preparation of extracts of Cape gooseberry fruits
Nonvolatile (phenolics and flavonoids) compounds
were extracted from Cape gooseberry fruits with a
modification, as reported by Rajeswari ez al. [21].
Two different solvents (hexane and ethanol) were
used for preparation of two different extracts. Briefly,
100 g fresh fruits were cut into small pieces and
extracted using 500 ml hexane. In another flask, the
same amount (100 g) of fresh fruits were extracted
with the same volume (500 ml) of 95% ethanol.
Two flasks were shaken every hour for the first 6 h
and then were kept aside, and again shaken after
24 h.The solvent layer was separated from the solid
residue by centrifuging at 2000g for 10 min. The
clear supernatant was transferred to a clean rounded
flask and evaporated using a vacuum evaporator at
less than 50°C. The extract concentrated to 2 ml was
stored at -20°C until samples were subjected to the
following:

Determination of phenolic and flavonoid content

The phenolic content was determined according
to the Folin—Ciocalteu procedure [22]. It was
determined by means of a calibration curve prepared
with gallic acid, and expressed as mg of gallic acid
equivalent/ml of sample. The total flavonoid content
was determined as reported by Thaipong ez al. [22],
and was expressed as mg of catechin equivalent/ml
of sample.

Determination of antioxidant activity

Determination of radical 2,2 -diphenyl-1-picrylhydrazyl
(DPPH) scavenging activity

The DPPH assay was carried out as reported by
Thaipong ez al. [23]. The antioxidant activity was
determined by means of a calibration curve prepared
with ascorbic acid, and expressed as mg of ascorbic acid
equivalent/ml of sample.

2,2-Azinobis(3-ethyl-benzothiazoline-6-sulfonic  acid)
(ABTS) assay: For ABTS assay, the procedure followed
the method described by Arnao ez al. [24]. Results

were expressed in mmol/l Trolox equivalents (TE)/

ml extract. Additional dilution was needed if the
ABTS value measured was over the linear range of the
standard curve.

Ferric reducing antioxidant power (FRAP) assay: 'The
FRAP assay was carried out according to Benzie and
Strain [25]. Results were expressed in mmol/l TE/ml
extract. Additional dilution was needed if the FRAP value

measured was over the linear range of the standard curve.

Anticancer activity: cell cultures and treatments

Human breast cancer cell line (MCF-7) and colon
cancer cell line (Caco-2) were obtained from the
American Type Culture Collection (Rockville,
Maryland, USA). Cells were grown in RPMI-1640
medium supplemented with 10% fetal bovine
serum, 1% nonessential amino acid solution, and
1% penicillin—streptomycin solution (10 000 U
of penicillin and 10 mg of streptomycin in 0.9%
NaCl) in a humidified atmosphere of 5% CO,, 95%
air at 35°C. The passage number range for both
cell lines was maintained between 20 and 25. The
cells were cultured in 75 cm? cell culture flasks. For
experimental purposes, cells were cultured in 96-well
plates (0.2 ml of cell solution/well). The optimum
cell concentration as determined by the growth
profile of the cell line was 2 x 10° cells/ml (cells were
allowed to attach for 24 h before treatment with
tested extracts). The stock solution was filtered with
Minisart Filters Merck (Darmstadt, Germany) (0.22
um). Working two-fold serially diluted test material
(1, 2, 5, 10, 20, 40, 80, 162, 325, 750, 1500, and
3000 pg/ml) were prepared. Cell monolayers were
washed with PBS and the additional serially diluted
materials were dispensed to the precultured plates
for the determination of test material’s toxicity [26].

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay: The MTT assay
is based on the protocol described for the first
time by Mossmann [27]. The assay was optimized
for the cell lines used in the experiments. Briefly,
for the purposes of the experiments at the end of
the incubation time, cells were incubated for 4 h
with 0.8 mg/ml of MTT dissolved in serum-free
medium (MEM or DMEM for MCF-7 and Caco-2
cells, respectively). Washing with PBS (1 ml)
was followed by the addition of DMSO (1 ml),
and gentle shaking for 10 min so that complete
dissolution was achieved. Aliquots (200 ul) of the
resulting solutions were transferred in 96-well plates,
and absorbance was recorded at 560 nm using the
microplate spectrophotometer system (SpectraMax
190; Molecular Devices, Germany). Results were
analyzed with the SoftMax Pro Software, Germany



(version 2.2.1) and were presented as percentage of
the control value. The relation between surviving
fraction and extract concentration was plotted to get
the survival curve for the cell line after the specified
time. The concentration required for 50% inhibition

of cell viability (IC, ) was also calculated [27].

Statistical analysis

The experiments were carried out at least three
times, and the results were presented as mean * SD.
Statistical differences were analyzed by using the one

way ANOVA test.
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Results
Gas chromatography and gas chromatographic—-mass
spectrometric analysis

A total of 34 components were identified by GC
and GC-MS analysis. The volatile compounds were
grouped in classes of substances, including 11 terpene
compounds (six monoterpenes and five sesquiterpenes),
11 esters, five alcohols, two phenolic compounds, two
aldehydes, two ketones, and one lactone, as shown
in Table 1. Terpenes (monoterpene: 20.81% and
sesquiterpene: 15.28%) were the most abundant volatile
constituents, accounting for the largest portion of the

Table 1 Chemical composition of volatiles of Egyptian Cape gooseberry fruits

Type of compounds Identified compounds Area% R Kl Method of identification

Monoterpenes Methyl butene 1.25 5.55 528 MS, Ki
o-Pinene 1.26 14.57 938 MS, Kl, and St
Verbenene 0.93 15.97 972 MS, Ki
1,8-Cineol 1.74 18.88 1038 MS, Kl, and St
Verbenone 3.5 26.21 1199 MS, Ki
Citronellyl acetate 12.13 33 1355 MS, KI

Total 20.81

Sesquiterpenes 5-Muurolene 7.71 32.06 1333 MS, KI
o-Cubebene 1.06 32.44 1344 MS, Kl, and St
Cyclosativene 2.23 32.85 1351 MS, KI
Cedrenol 1.26 42.76 1604 MS, Ki
B-Bisabolol 3.02 45.08 1665 MS, Kl, and St

Total 15.28

Total terpene compounds 36.09

Esters Methyl butanoate 8.95 8.11 727 MS, Kl
Propyl hexanoate 3.73 22.13 1110 MS, Kl
Benzyl acetate 0.77 24.27 1157 MS, Kl, and St
Ethyl benzoate 2.51 24.65 1165 MS, KI
Ethyl octanoate 1.26 25.70 1188 MS, Kl
Ethyl hydroxyl hexanoate 0.13 31.69 1326 MS, Ki
Neryl acetate 2.83 33.33 1363 MS, KI
Allyl caproate 0.71 38.14 1480 MS, Ki
Hexadecanoic acid ester 1.05 44.03 1636 MS, Ki
Cedr-8-en-9-alpha-ol 0.93 47.39 1740 MS, Ki
acetate
Phenyl ethyl benzoate 2.97 51.91 1865 MS, KI

Total 1717

Phenols 4-Propyl guaiacol 1.28 49.97 1806 MS, Ki
isoeugenol 14.76 57.53 2042 MS, Kl, and St

Total 16.04

Alcohols Butanol-2-methyl 0.95 5.65 567 MS, Kl, and St
2-Phenyl ethyl alcohol 1.5 22.45 1117 MS, Kil, St
Nonanol 1.0 22.60 1120 MS, Ki
Homofuraneol 1.5 2413 1154 MS, Ki
Dihydrocarveol 1.42 42.44 1592 MS, KI

Total 6.37

Aldehyde p-Anisaldehyde 0.72 29.19 1266 MS, Ki
2-Undecenal 1.16 32.76 1349 MS, Ki

Total 1.88

Ketones 3,5-Octadienone 0.83 21.69 1096 MS, Ki
Trimethyl phenyl butenone 0.12 47.77 1751 MS, Ki

Total 0.95

Lactones y-Undecalactone 0.76 43.03 1608 MS, Ki

Kl, Kovats index; MS, mass spectrum; R, retention time; St, standard compounds.
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total volatiles (36.09%). Citronellyl acetate, followed
by 8-muurolene, verbenone, and B-bisabolol were the
terpenes found in highest concentration. The next most
abundant compounds were esters, comprising 17.17%
of the total volatile components identified. Methyl
butanoate, followed by propyl hexanoate, phenyl ethyl
benzoate, neryl acetate, and ethyl benzoate were the
esters found in the highest concentration. Phenolic
compounds were the next most abundant compounds,
comprising 16.04% of the total volatile components
determined. Isoeugenol represented 14.76%, whereas
4-propyl guaiacol represented 1.28%. Alcohols
represented 6.37%, whereas aldehydes represent 1.88%
of the total volatile compounds. 2-Undecenal was
the predominant aldehyde. 3,5-Octadienone was the
major constituent among the ketones, which accounted
for the 0.95% of the identified volatile constituents.
Lactones comprised small part (0.76%) of the total
volatiles identified.

Total phenolic and flavonoid content

The amounts of total phenols and flavonoids in the
hexane and ethanol extracts of the Cape gooseberry
fruits are shown in Table 2. The total phenolic contents
of hexane and ethanol extracts of Cape gooseberries
fruits were 30.0 + 1.1 and 89.6 + 2.1 mg gallic acid
equivalent/ml extract. The total flavonoid contents
of hexane and ethanol extracts of Cape gooseberries
fruits were 21.3 = 1.1 and 77.1 + 3.1 mg catechin
equivalent/ml extract.

Antioxidant activity

This study evaluated the role of gooseberry fruit
extracts as antioxidants iz vitro by using three different
methods: ABTS, ferric reducing antioxidant power
(FRAP), and DPPH (Table 3). Data showed that
ethanol extract exhibits stronger antioxidant activity
than does hexane extract. Means of the antioxidant
activity levels in ethanol extract were 1.785 + 0.02 and
1.922 + 0.03 mmol TE/ml extract as determined by
ABTS and FRAB assays, and 2.016 + 0.03 mg ascorbic
acid equivalent/ml extract by DPPH assay, whereas
means of the antioxidant activity in hexane extract were
0.611 = 0.01 and 0.713 = 0.02 mmol TE/ml extract
by ABTS and FRAB assays and 0.903 + 0.01 mg
ascorbic acid equivalent/ml extract by DPPH assay, as
shown in Table 3. Ethanol extract achieved the highest
antioxidant activity as well as high total flavonoid and
total phenolic content, and thus tested its activity as
anticancer.

Anticancer activity of Cape gooseberry fruits
The Cape gooseberry ethanol extract showed growth
inhibition as anticancer. The in-vitro cytotoxicity was

performed against two different human cancer cell
lines, namely breast (MCF-7) and colon (Caco-2).
Comparison of the mean MCF-7 and Caco-2 cell
viabilities analyzed using the MTT method indicated
a significant difference between them (P < 0.05).
Increasing the dose significantly decreased the cell
viability in both types of cancer cell lines. In the case
of colon Caco-2 cell line, Cape gooseberry fruit extract
showed maximum activity (Fig. 1). Cape gooseberry
fruit extract was more potent in inhibiting colon cell
lines (IC,: 142 ug/ml) compared with breast cell lines
(IC.: 371 ug/ml) (Fig. 2).

Discussion
Total Cape gooseberry aroma is the result of the
presence of different compounds such as alcohols,

Table 2 Phenolics and flavonoids content of ethanol
and hexane extracts of Egyptian Cape gooseberry fruits

Cape gooseberry extracts Phenolics (mg/ml)2 Flavonoids (mg/ml)°
Ethanol extract 89.6 + 2.1° 77.1 = 3.1°
Hexane extract 30.0 +1.1¢ 21.3+1.1¢

All data are presented as mean + SD; ?Results expressed as mg
of gallic acid equivalent/ml extract; "Results expressed as mg of
catechin equivalent/ml extract; Values in the same column with the
different superscripts are significant at P < 0.05.

Table 3 Antioxidant activity of ethanol and hexane extracts
of Egyptian Cape gooseberry fruits by ABTS, FRAB
and DPPH assays

Cape gooseberry DPPH FRAB ABTS

extracts (mg AAE/ml)  (mmol/l TE/ml) (mmol/l TE/ml)
Ethanol extract 2.016 £ 0.03* 1.922 + 0.03* 1.785 + 0.022
Hexane extract 0.903 + 0.01* 0.713 + 0.02> 0.611 + 0.01°

All data of inhibition activity are presented as mean + SD;

AAE, ascorbic acid equivalent; ABTS, 2,2-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid); DPPH, 2,2 -diphenyl-1-
picrylhydrazyl; TE, Trolox equivalent; Values in the same column
with the different superscripts are significant at P < 0.05.
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esters, terpenes, aldehydes, ketones, and lactones.
Among them, esters are the most important group
because they are responsible for fruity and fresh
flavor [28]. Our results are in agreement with a study
conducted by Yilmatekin [28], which demonstrated
the presence of esters, aldehyde, alcohols, terpenes,
ketones, and lactones in Turkish Cape gooseberry.
Terpenes were the most abundant volatile constituents
derived by repetitive fusion of branched five carbon
units based on isopentane skeleton. Many of them
were volatile, such as monoterpenes (C, ), and
sesquiterpenes (C,,).

Terpenes are derived either from mevalonate pathway,
which is active in cytosol and starts from acetyl-CoA,
or from methylerythritol-4-phosphate pathway, which
is active in the plastids and starts from pyruvate and
glyceraldehyde-3-phosphate [29]. In contrast, the
biosynthesis of some terpene-derived compounds
can be explained by catabolic pathways in fruits.
These are primarily oxidative degradation products of
the carotenoids. Carotenoid oxidation occurs when
the plant tissue is damaged or during ripening [30].
Terpenes and their derivatives have been identified at
varying levels in most of the soft fruits [31] and they
are responsible for the varietal character of the fruits
being present, at least, in part, as glycosides [32].

'They were reported as volatile components responsible
for a wide spectrum of aromas (woody, piney,
turpentine-like, herbaceous, and terpy), mostly
perceived as very pleasant [32,33]. Esters contribute
to the aroma of nearly all fruits and many other
tfoods. Some are also responsible for the smell of a
particular flower; however, many of these esters possess
a nonspecific fruity odor. As the number of carbon
atoms increases, the odor changes to fatty soapy and
even metallic. The straight-chain ester constituents are
believed to be synthesized through (-oxidation of fatty

Anticancer activities of Cape gooseberry fruit Ramadan et al. 61

acid, which may be then reduced to the corresponding
alcohols before transesterification [34].

Alcohol acyltransferases are responsible for the transfer
of alcohol to acyl-CoA, resulting in the synthesis of a
wide range of esters [32,35,36]. Aldehydes are common
in fruit flavors and are believed to play an important
role in many fruits [37]. Fatty acids and amino acids
are precursors of a great number of volatile aldehydes.
Linoleic and linolenic acids in fruits and vegetables
are subjected to oxidative degradation by lipoxygenase
alone or in combination with a hydroperoxide lyase.
The oxidative cleavage yields oxoacids, aldehydes, and
allyl alcohols [32,38]. Ketones are less abundant in the
profile of volatile compounds in Cape gooseberry. The
ketones can be formed by condensation of activated
fatty acids [39].

Lactones are produced in a very low amount by catabolic
processes and originate from their corresponding
hydroxyl carboxylic acids (4-hydroxy carboxylic acid
or 5-hydroxy carboxylic acid) [40]. These compounds,
particularly y-lactones, are important in terms of
their contribution to the aroma and, in general,
present fruity odor descriptors [33]. The odor of these
lactones depends on the chemical structure, functional
groups, and the length of side chains, and due to their
low odor threshold, they have a high flavor value in
fruits [40]. Despite its importance, the literature about
the flavor compounds of volatiles of Cape gooseberry
(P, peruviana L.) is scarce.

The results of the present study indicated that the
ethanol extract has higher total phenolics content than
does hexane extract (P < 0.05). In addition, ethanol
extract has higher total flavonoid compounds than
does hexane extract. According to these results, there is
a relationship between phenolic and flavonoid contents
and radical scavenging activity. The differences in the
amount of polyphenols may be due to varied efficiency
of the solvents to dissolve endogenous compounds.
Phenolic compounds, biologically active components,
are the main agents that can donate hydrogen to free
radicals and thus break the chain reaction of lipid
oxidation at the first initiation step. This high potential
of phenolic compounds to scavenge radicals may be
explained by their phenolic hydroxyl groups [41].
Variousbioactive compounds (flavonoids and phenolics)
are reported to be present in P peruviana [42]. Some
of these compounds have a strong antioxidant property
and prevent peroxidation [43].

It is very important to point out that there is a positive
relationship between antioxidant activity potential and
the amount of phenolic compounds of the extracts.
From the phenol antioxidant index, a combined
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measure of the quality and quantity of antioxidants
in vegetables has been obtained [44]. Data showed
that antioxidant activity of ethanol extract of
gooseberry fruits increased (P < 0.05) 2.921, 2.69, and
2.23 times that of hexane extract by ABTS, FRAB,
and DPPH methods, respectively. These results are in
agreement with studies conducted by Matkowski and
Piotrowska [45] and Li e£ a/. [46].

Narviez-Cuenca ez al. [47] indicated that gooseberry
(P peruviana L.) has a high antioxidant activity. The
high antioxidant capacity of the fruits is probably
due to their richness in oxygenated monoterpene
compounds. The stronger antioxidant activity exhibited
by Cape gooseberries, in both the DPPH test and
ABTS assay, confirms results showing that some of
the oxygenated monoterpenes are mostly responsible
for protective effects [48]. The antioxidant activity
of volatile compounds was variable; this variability is
mainly related to their molecular composition.

Egyptian Cape gooseberry fruit content bisabolol
compoundisamonocyclicsesquiterpene alcohol. Baraga
et al. [49] showed that bisabolol has an antioxidant/
anti-inflammatory activity. The antioxidants are an
increasingly important ingredient in food processing.
The most widely used synthetic antioxidants in food
(butylated hydroxytoluene, butylated hydroxyanisole)
are very effective in their role as antioxidants. However,
their use in food products has been failing off because of
their instability, as well as because of a suspected action
as promoters of carcinogenesis [50]. Consequently,
there has been considerable interest in the use of
antioxidant compounds from natural sources to exhibit
different biological properties [51]. They protect the
human body from free radicals and retard the progress
of many chronic diseases, especially cancer. In the
present study, ethanol extract of Cape gooseberry fruit
achieved higher antioxidant activity than did hexane
extract, and thus tested as having anticancer activity.

Up to this day, in spite of the great nutritional value of
Cape gooseberry fruit, studies about its effect on colon
or breast cancer are scarce. According to WHO, 80%
of the people living in rural areas depend on medicinal
plants as primary healthcare system. The synthetic
anticancer remedies are beyond the reach of common
man because of the cost factor. Plant medicines have
a vital role to play in the prevention and treatment of
cancer, and medicinal plants are commonly available
and comparatively economical [52].

Cape gooseberry fruit preparations can be used as a
cheaper alternative to the conventional disinfectants.
Cape gooseberry fruit is a storehouse of a good variety
of compounds (phenolic, flavonoid, and volatile). Latest

and previous studies have concluded the beneficial
aspects of plant-derived drugs as good source of
anticancer activity agents [10]. Flavonoids are known
for their immune-modulatory and anti-inflammatory
activities, and inhibiting proinflammatory cytokine
production and their receptors [53]. Wu ez al. [54]
reported that P, peruviana extract has anti-inflammatory
activity. Supercritical carbon dioxide extracts of P
peruviana contained high levels of flavonoid and phenol.
The extract demonstrated strong xanthine oxidase
inhibitory effect. It prevented lipopolysaccharide-
induced cell cytotoxicity in murine macrophage cells and
remarkably blocked the lipopolysaccharide induction of
inducible nitric oxide synthase and cyclooxygenase-2
expression [54]. Cellular generation of free radicals
has been associated with human disease states, such
as inflammatory diseases, neurodegenerative diseases,

cancer, and aging [55].

'The results of the present study showed that citronellyl
acetate possesses the highest concentration of terpenes
in Cape gooseberry fruit. Citronellyl acetate, a
monoterpene product of the secondary metabolism
of plants, has been shown in the literature to possess
several biological activities [56]. Ethanol extract of
P peruviana inhibits growth and induces apoptotic
death of human Hep G2 cells in culture. In addition,
it possesses potent antihepatoma activity and its
effect on apoptosis is associated with mitochondrial

dysfunction [4].

Our results showed that terpenes (monoterpenes and
sesquiterpenes) were in the highest concentration
compared with other volatile compounds in Cape
gooseberry fruit. Terpenes, one of the most extensive
and varied structural compounds occurring in
nature, display a wide range of biological and
pharmacological activities. Terpenes have been shown
to provide relevant protection under oxidative stress
conditions in different diseases including liver, renal,
neurodegenerative, and cardiovascular diseases, cancer,
diabetes as well as in aging [57]. Our results showed
that isoeugenol was in the highest concentration of
all other alcohols in Cape gooseberry fruit [58]. Many
studies have explored isoeugenol as an antiproliferative
agent against malignant melanoma cells [58]. The
literature showed that eugenol possesses antioxidant,
antimutagenic, antigenotoxic, anti-inflammatory, and
anticancer properties [59-61]. Kim ez al. [62] and
Vidhya and Niramjli [63] demonstrated eugenol-
induced apoptosis in human melanoma and breast
cancer cells.

In conclusion, Egyptian Cape gooseberry fruits may be
suggested as a potential source of natural antioxidant
and anticancer agents. This will be important as



an indication of the potentially nutraceutical and
economical utility of Cape gooseberry as a new source
of bioactive phytochemicals and functional food.
Future research should be carried out to evaluate its
bioactive eftects in vivo.
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