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A B S T R AC T
Objective: To evaluate antioxidant activity and quantify total content of polyphenols and
flavonoids in two Cucurbitaceae plant extracts, Citrullus colocynthis (C. colocynthis) fruits and
Bryonia dioica (B. dioica) roots.
Methods: Qualitative and quantitative analysis of aqueous and butanolic extracts, prepared
from C. colocynthis fruits and B. dioica roots was carried out using standard methods.
Estimation of their antioxidant activity was determined by free radical scavenging activity
assay using 2,2-diphenyl-l-picrylhydrazyl and ferric reducing antioxidant power assay.
Results: Preliminary phytochemical screening of the aqueous and organic extracts showed the
presence of tannins, flavanoids, terpenoids, saponins and quinones. The content of phenolic
compounds varies among the two species of cucurbits and even in the different extracts of
the same species. The most important amount of total polyphenols and flavanoids expressed
respectively as gallic acid and catechin equivalent per gram extract, was determined in
butanolic extract of B. dioica roots (541.78 mg/g, 120.60 mg/g). The lowest values were noted
in C. colocynthis fruit aqueous extract (219.58 mg/g, 46.13 mg/g). Butanolic extract of B.
dioica roots exhibited an interesting free radical scavenging activity with IC50 = 2.25 µg/mL
compared to IC50 = 1.5 µg/mL of ascorbic acid, followed by B. dioica roots aqueous extract (IC50
= 47.25 µg/mL), butanolic C. colocynthis fruit extract (IC50 = 61 µg/mL) and C. colocynthis
fruit aqueous extract (IC50 = 241.25 µg/mL). A highest reducing power was observed in B.
dioica roots butanolic extract compared to other extracts (C. colocynthis fruit aqueous and
butanolic extracts and B. dioica roots aqueous extract).
Conclusions: The results indicate that the wealth of B. dioica roots extracts on polyphenols
and flavonoids is more than C. colocynthis fruit extracts. These phytoconstituents ensure an
interesting free radical scavenging activity and reducing power for the B. dioica roots extracts
especially butanolic extract.

1. Introduction

many scientific studies have been interested in medicinal plants, an
important source of secondary metabolites as natural antioxidants,

Antioxidants are widely interesting because of their potential role

whose phenolic compounds, flavonoids and terpenes reported to be

in food industry and human health. In small quantities, they are

potent free radical scavengers[3]. In this context, a large number of

molecules[1].

medicinal plants used in traditional medicine around the world were

Numerous studies showed that many natural and synthetic

analyzed for their antioxidant activity. Among these plants, many

antioxidants were reported to prevent various diseases. However, for

species of Cucurbitaceae family traditionally used as antidiabetic

able to inhibit or delay oxidation of easily oxidizable

their efficiency and less side effects on health, natural antioxidants

remedies are currently studied for their antioxidant capacity[4-6].

are more used and preferred relatively to synthetic antioxidants

Cucurbitaceae includes 118 genera with 825 species[7]. The most

which increase liver damage and carcinogenesis[2]. Last decades,

important genus are Cucurbita, Cucumis, Ecballium, Citrullus,
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Luffa, Bryonia, Momordica and Trichosanthes distributed over
the world, many of them are edible while others are medicinal or
ornamental plants[8-10]. They grow in tropical, subtropical, arid
deserts and temperate areas[11]. Pharmacological activity of many
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cucurbit species is related to their secondary metabolites content,

samples were extracted twice in 100 mL of aqueous methanol

essentially cucurbitacins, saponins, polyphenols, flavonoids,

mixture (v/v) at room temperature over night with continuous

alkaloids and terpenoids[5,9,12,13]. In Algeria, Citrullus colocynthis

stirring. Extracts were then centrifuged at 4 316 r/min for 10 min

(C. colocynthis) and Bryonia dioica (B. dioica), are the frequent

and the supernatant was collected. After elimination of methanol,

Cucurbitaceae used for the treatment of infectious diseases,

the aqueous phase was then transferred into a separating funnel

inflammation, hemorrhoids, diabetes and cancers[6,14-16]. The

to be extracted three times with an equal volume of chloroform to

aim of the present study is to evaluate the antioxidant capacity of

remove pigments. The recovered aqueous phase was extracted twice

C. colocynthis fruit and B. dioica roots extracts (the parts of the

with n-butanol, which was completely evaporated to dryness under

plants used locally in traditional medicine), using two conventional

pressure[17]. Obtained extracts were C. colocynthis fruit butanolic

methods: free radical scavenging activity assay [2,2-diphenyl-l-

(CCFn-but) extract and B. dioica roots butanolic (BDRn-but) extract.

picrylhydrazyl radical (DPPH)] and ferric reducing antioxidant power
assay (FRAP). A phytochemical screening and quantitative analysis of

2.4. Phytochemical screening

total polyphenols and flavonoids were also carried out on aqueous and
organic plant extracts.

Prepared extracts were subjected to preliminary phytochemical
screening in order to qualitatively determine some of the secondary

2. Materials and methods

metabolites: saponins, terpenoids, flavonoids, tannins, alkaloids,
quinones, anthraquinones and reducing sugar using appropriate

2.1. Chemicals and reagents
DPPH, Folin-Ciocalteu reagent, gallic acid (GA), catechin, ascorbic

methods[6,16,18].

2.5. Total polyphenols content

acid, sodium carbonate (Na 2CO3), sodium hydroxide (NaOH),
sodium nitrite (NaNO2), aluminium chloride (AlCl3), potassium

The total polyphenols content of aqueous ( CCF aq, BDR aq)

ferricyanide (K3Fe(CN)6), trichloroacetic acid, ferric chloride (FeCl3)
and all organic solvents (hexane, methanol, chloroform, n-butanol)

and butanolic ( CCF n-but, BDR n-but) extracts, prepared from
C. colocynthis fruits and B. dioica roots was assessed by Folin-

were purchased from Sigma-Aldrich chemie GmbH (Germany).

Ciocalteu reagent with GA as standard. Aliquots of test samples (100
μL) containing 1 mg/mL, were mixed with 2 mL of freshly prepared

2.2. Plant materials

Na2CO3 (2%) solution. After 5 min, 100 μL of Folin-Ciocalteu
reagent (0.2 N) were added to the mixture, all was left for 30 min

C. colocynthis fruits and B. dioica roots were collected respectively

in obscurity at room temperature and the reading was performed

from Naâma and Mascara in the west of Algeria during spring and

against a blank at 700 nm. A calibration curve was performed in

summer 2012. Botanical identification was performed in Laboratory

parallel under the same operating conditions using GA as a positive

of Ecology And Management of Natural Ecosystems at Tlemcen

control. The results are expressed as mg GA equivalent per gram of

University (Algeria). In the laboratory, both fruits and roots were

dry extract (mg GA eq/g)[6,19].

cleaned and dried at room temperature. Fruits were crushed into
small pieces and roots were ground to fine powder using laboratory

2.6. Total flavonoids content

grinder (Mortar Grinder km 100, Retsch) and conserved for further
extractions.

The total flavonoids content of each aqueous (CCFaq, BDRaq) and
butanolic (CCFn-but, BDRn-but) extracts of C. colocynthis fruits

2.3. Preparation of extracts

and B. dioica roots was determined by a colorimetric method. Each
sample (0.5 mL) containing 1 mg/mL, was mixed with 2 mL of

2.3.1. Aqueous extracts

distilled water and 0.15 mL of NaNO2 solution (15%). After 6 min,

C. colocynthis fruit aqueous (CCFaq) extract was prepared as

0.15 mL of AlCl3 (10%) and 2 mL of NaOH (4%) solutions were

follows: 10 g of crushed fruits are infused for 1 h in 100 mL

added. Immediately, water was added to bring the final volume to 5

of distilled water at 50°ºC, then boiled under reflux for 15 min.

mL and tubes were thoroughly mixed and incubated for 15 min at

Regarding the B. dioica roots aqueous (BDRaq) extract, 10 g of

room temperature. The absorbance was measured at 510 nm. Results

powdered roots were extracted in 100 mL of distilled water at

were expressed as catechin equivalent per gram of dry extract (mg

room temperature over night with continuous stirring. After that,

Cat eq/g)[6,19].

preparations were filtered, centrifuged and evaporated to dryness.

2.7. Antioxidant activity
2.3.2. Butanolic extracts
Both C. colocynthis fruits and B. dioica roots were defatted with
hexane in Soxhlet for 3 h. After air drying, 10 g of the defatted

2.7.1. DPPH free radical scavenging activity
The free radical scavenging activity of C. colocynthis fruit and B.
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dioica roots extracts was determined using DPPH according to the
protocol of El-Haci et al. Briefly, 50 μL of each aqueous (CCFaq,
BDRaq) and butanolic (CCFn-but, BDRn-but) extracts solutions at

different concentrations were added to 1.95 mL of DPPH solution (6
-5

× 10 mol/L in methanol). The mixture was vigorously shaken and

incubated for 30 min in obscurity[20]. Absorbance was measured at
515 nm and ascorbic acid was used as antioxidant reference. The
absorbance (A) of the control and samples was measured, and the
free radical scavenging activity in percentage was determined as
follow:
Free radical scavenging activity (%) =

Acontrol – Asample
Acontrol

×100

IC50 was determined graphically from nonlinear regression analysis,
and the inverse of the value of IC50 means antiradical activity (ARA)
value[21].
ARA = 1/IC50

2.7.2. FRAP

Table 1
Characteristics of C. colocynthis fruit and B. dioica roots extracts.
Extract
CCFaq
CCFn-but
BDRaq
BDRn-but

Physical aspect
Powder
Powder
Paste
Powder

Color
Brown
Brown
Brown
Orange

Yield (%)
5.41
2.61
11.26
1.90

Solubility
Water
Water
Water
Water

Table 2
Phytochemical screening of C. colocynthis fruit and B. dioica roots extracts.
Flavonoids
Tannins
Alkaloids
Terpenoids
Saponins
Coumarins
Quinones
Anthraquinones
Amines

CCFaq
++
+
++
++
+
++
++
–
++

CCFn-but
+
–
–
++
++
–
+
–
–

BDRaq
+
++
–
+
++
–
++
–
++

BDRn-but
+
++
–
+
++
–
+
–
–

++: Strong positive test; +: Low positive test; –: Negative test.

FRAP assay measures the reduction of ferric iron to the ferrous

form in the presence of the antioxidant components[22]. The reducing

3.2. Total polyphenols and flavonoids content

power of both C. colocynthis fruit and B. dioica roots extracts was
evaluated according to the method of Karagözler et al. To 1 mL

The results reported in Table 3 showed that the BDRn-but extract

of each extract solution (CCFaq, CCFn-but, BDRaq, BDRn-but) at

contains the higher rate of total polyphenols, 541.78 mg followed

different concentrations (0.25, 0.50, 1.00, 1.50, 2.00, 2.50, 3.00 mg/

by BDRaq, CCFn-but and CCFaq extracts with 226.87, 221.85 and

mL), 2.5 mL of 0.2 mol/L phosphate buffer (pH 6.6) and 2.5 mL of

219.58 mg GA eq/g dry extract respectively. Similarly, the rate of

K3Fe(CN)6 (1%) were added. The mixture was incubated at 50 ºC for

total flavonoids rises in the same extracts to 120.60, 61.20, 53.67 and

20 min, after that 2.5 mL of trichloroacetic acid (10%) were added.

46.13 mg Cat eq/g dry extract in BDRn-but, CCFn-but, BDRaq and

The mixture was centrifuged at 3 000 r/min for 10min, then 2.5 mL

CCFaq extracts respectively. Results relatively expressed to 100 g of

of the supernatant were mixed with 2.5 mL of distilled water and 0.5

plant matter are dependent on extraction yield of each extract.

mL of FeCl3 (1%)[23].
The absorbance was measured at 700 nm against a blank sample
and ascorbic acid was used as antioxidant reference. Increased
absorbance of the reaction mixture indicated increased reducing
power.

3. Results

Table 3
Total polyphenols and flavonoids content of C. colocynthis fruit and B.
dioica roots extracts.
Extract
CCFaq
CCFn-but
BDRaq
BDRn-but

Polyphenolsa Polyphenolsb
219.58
1187.90
221.85
579.04
226.87
2554.56
541.78
1029.38

Flavonoidsa
46.13
61.20
53.67
120.60

Flavonoidsb
249.58
159.73
604.29
229.14

a

3.1. Phytochemical screening
Some characteristics of C. colocynthis fruit and B. dioica roots

: mg gallic acid (catechin) equivalent per g extract; b: mg gallic acid
(catechin) per 100 g plant matter.

3.3. Antioxidant activity

extracts were illustrated in Table 1. After evaporation to dryness, all
extracts were obtained as powder (CCFaq, CCFn-but, BDRn-but),

3.3.1. Free radical scavenging activity on DPPH

except for BDRaq extract which was recovered as hygroscopic paste.

The test is based on evaluation of different extracts (CCFaq, BDRaq,

The extraction yield of aqueous extract from the roots of B. dioica

CCF n-but, BDR n-but) effect on scavenging free radicals using

was 11.26% than the yield of CCFaq 5.41%. Phytochemical analysis

DPPH. Ascorbic acid is used as a reference molecule. According

(Table 2) revealed the presence of the majority of phytoconstituents

to the results (Table 4) we found that the free radical scavenging

in CCFaq extract except anthraquinones. In its butanolic fraction

activity increased with concentration of reference molecule or tested

(CCFn-but), we found mainly terpenoids, saponins and flavonoids,

extracts. The butanolic B. dioica roots extract (BDRn-but) shows

quinones at lesser degree. BDRaq extract is characterized by the

an interesting free radical scavenger activity compared to the other

presence of tannins, saponins, quinones, amines, flavonoids and

extracts, 10µg/mL of this extract decrease 94% of the DPPH and the

terpenoids. Its butanolic fraction (BDRn-but) contained mainly

IC50 found was to be 2.25μg/mL. Butanolic B. dioica roots (BDRn-

tannins, saponins, terpenoids, flavonoids and quinones.

but) extract at high concentrations quickly reduces DPPH, for this
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reason it has been tested at low concentrations from 1.25 to 10 µg/

1.79 respectively. Among aqueous and organic extracts, butanolic B.

mL. The other three extracts, BDRaq, CCFn-but and CCFaq show IC50

dioica roots extract BDRn-but provided the highest reducing power,

values of 47.25, 61 and 241.25μg/mL respectively.

comparable with ascorbic acid (1.89 at 3 mg/mL).

Table 4
DPPH inhibition percentage of ascorbic acid and C. colocynthis fruit, B.
dioica roots extracts.
Extract

Concentration
(µg/mL)
Ascorbic
0.5
acid
1.0
1.5
2.0
4.0
CCFaq
200
225
250
300
350
400
CCFn-but
25
50
75
125
175
250
BDRaq
25
50
75
125
175
250
BDRn-but
1.25
1.87
2.50
5.00
7.50
10.00

DPPH inhibition
percentage (%)
13.86
35.68
50.43
61.97
91.60
44.97
48.13
50.79
67.28
81.63
91.95
32.68
43.34
52.82
68.06
76.12
85.74
31.02
48.00
56.37
71.19
84.36
95.85
23.52
36.49
52.52
69.28
84.59
94.00

IC50
(µg/mL)
1.50

ARA
0.6667

4. Discussion
Scientific and pharmaceutical researches have recently interested in
cucurbitaceae medicinal plants, which are mainly used in traditional
medicine for their therapeutic properties as antidiabetic and antiinflammatory remedies[6,14,24]. Thus, their therapeutic property is
probably related to their content of phytochemicals.

241.25

0.0041

This study and other previous studies Kumar et al. Hussain et
al. Benariba et al. Barreira et al. and Rafael et al. illustrated the
phytoconstituents contain and antioxidant activity of C. colocynthis
fruits and B. dioica roots collected at maturity and prepared in
various aqueous and organic extracts[4-6,25,26].

61.00

0.0164

The qualitative analysis of the C. colocynthis fruit extracts revealed
the presence of terpenoids, saponins, flavonoids and quinones and
the absence of anthraquinones. These results are in confirmation
with a recent study of Najafi et al. in which it was reported that the
aqueous and ethanolic (80%) extracts of both C. colocynthis fruits

47.25

0.0212

and leaves contained flavonoids, glycosides and saponosides[12].
A number of chemical compounds were already identified in
different extracts obtained from different parts of C. colocynthis
(seeds, pulps, leaves and roots), particularly alkaloids (C10H15NO3;
C20H32NO; C16H24NO7), sterols (C29H48O; C29H50O), cucurbitacins
(I, E, L, J) and flavonoids such as quercetin, myrcetin, kaemoferol,

2.25

0.4444

isovitexin, iso-orientin, iso-orientin-3’-methylether and C-phydroxybenzyl derivatives (8-C-p hydroxybenzoylisovitexin, 6-C
phydroxybenzoylvitexin and 8-C-p-hydroxybenzoyl isovitexin-4’-Oglucoside)[6].
In our phytochemical screening on B. dioica roots extracts we have
revealed the existence of tannins, flavonoids, terpenoids, saponins

3.3.2. FRAP
Results of the reducing power of C. colocynthis fruit and B.

and quinones. Recently, Barros et al. have reported that the phenolic

dioica roots extracts measured for the concentration up to 3 mg/mL

profile of B. dioica shoots, identifying mainly C-glycosylated
flavonoids[27]. Moreover, the study of Barreira et al. identified

increased with concentration as presented in Figure 1.

fourteen chemical compounds in the fruit of B. dioica, nine flavonols

Absorbance (700 nm)

2

and five flavones, which kaempferol 3-O-neohesperidoside and
apigenin-6-C-glucoside-8-C-glucoside were the main flavonol and

1.5

flavone respectively[25]. Other several active chemical constituents
of B. dioica plant extracts were recorded, they are grouped as

1.0

polyphenols, saponins and alkaloids[16,28]. In addition, the roots
contain seven new triterpene glycosides, bryoniosides, which have

0.5

been isolated with two known triterpene glycosides, cabenoside D
0

0

Ascorbic acid
BDRaq

0.5

1.0
1.5
2.0
Concentrations (mg/mL)
CCFaq
BDRn-but

2.5

3.0

CCFn-but

Figure 1. Reducing power of ascorbic acid, C. colocynthis fruit extracts
and B. dioica roots extracts.

and bryoamarid[29].
The therapeutic properties of plant extracts, antioxidant, are
generally related to the rate of phytoconstituents mainly polyphenols
and flavonoids. The pivotal role of phenolic compounds as
scavengers of free radicals is emphasized in several reports[30,31]. In
fact, polyphenols and flavonoids are reported powerful antioxidants

At the concentration of 3 mg/mL, CCFaq, CCFn-but, BDRaq and

and have been consistently protective through scavenging numerous

BDRn-but extracts showed a reducing power of 0.36, 0.55, 0.74 and

diverse reactive oxygen species including hydroxyl radical, peroxyl
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radical, hypochlorous acids, superoxide anion, and peroxynitrite[32].

reduce iron has been evaluated using different assays. According

In this study, the level of total polyphenols determined vary in the

to Rafael et al. the methanolic extract of B. dioica ripened fruits

different extracts of the cucurbit plants, in either C. colocynthis fruits

presented IC50 by DPPH assay and FRAP assay (1.21 ± 0.02) and

as B. dioica roots, the organic extracts contain more than the aqueous

(0.40 ± 0.00) mg/mL respectively[26]. The same is also reported by

extracts. Therefore, it suggests a high correlation between the rate

the results of Barreira et al. showing that the ethanolic extract of B.

of polyphenols in each plant extracts and the free radical scavenging

dioica ripened fruits was characterized by IC50 value of (1.5 ± 0.1)

activity as the ferric reducing power.

mg/mL in DPPH assay and (0.9 ± 0.1) mg/mL in FRAP assay[25].

The results show that BDRn-but has an interesting scavenging

Another study, documented the DPPH free radical scavenging

activity (IC50 = 2.25 µg/mL) than the other plant extracts (BDRaq IC50

activity of three parts of B. dioica methanolic extract, during

= 47.25 µg/mL, CCFn-but IC50 = 61.00 µg/mL, CCFaq IC50 = 241.25

flowering the polar subfraction of stems, leafs and flowers showed a

µg/mL). As well as, reducing power assay revealed that BDRn-but

IC50 value of (285.67 ± 9.38), (48.32 ± 3.86) and (31.25 ± 3.38) μg/

showed the highest power to reduce iron followed by BDRaq, CCFn-

mL respectively[34].

but and CCFaq. This antioxidant activity of BDRn-but extract may

According to our knowledge, no earlier reports are available

be attributed to its high total content of polyphenols and flavonoids,

regarding the antioxidant activity of the roots extracts of B. dioica.

541.78 mg GA eq/g and 120.60 mg Cat eq/g dry extract respectively.

Our study revealed that roots extracts of B. dioica are characterized

The ability of BDRn-but to scavenge free radicals (DPPH) and reduce

by a high antioxidant activity, comparatively to other parts of the

iron (FRAP) is related to polyphenols considered as electron donors,

plant as reported by previous studies[25,26,34]. This property can be

which can react with free radicals and convert them to more stable

attributed to high amounts of polyphenols as evaluated by qualitative

products.

and quantitative phytochemical analysis.

Antioxidant activity of phenolic compounds such as flavonoids

In conclusion, the present study has demonstrated that B. dioica

depends on their chemical structure, especially of the distribution of

roots extracts contain relatively large amounts of polyphenols and

hydroxyl groups. The scavenging of free radicals is tightly linked to

flavonoids compared to C. colocynthis fruit extracts. Furthermore,

the configuration of the 3’,4’-orthodihydroxy on the B cycle and the

the butanolic extract of B. dioica roots possesses an interesting

4-carbonyl group on the C cycle, the 3-OH and 5-OH groups on the

free radical scavenging activity, which could be related to the total

C cycle are also relevant to the antioxidant effect[6,33].

content of polyphenols and flavonoids. Thus, it seems pertinent to

Various extracts from C. colocynthis seeds were also reported

identify the majority chemical components of this butanolic extract

by Benariba et al. to contain polyphenols, 61.62–298.88 mg GA

of B. dioica roots and to document its other therapeutic effects in

equivalent per g extract, and flavonoids, 24.49–219.18 mg catechin

further phytochemical and pharmacological studies.

equivalent per g extract. Besides, the results of IC50 revealed that
ethyl acetate extract represented the most important antioxidant
activity with 350

µg/mL[6].
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