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Abstract

Four edible fruits from Vitis vinifera, Punica granatum, Citrus aurantium and

Opuntia ficus indica from Algeria were analyzed in order to determine the total

polyphenol, total flavonoid and flavonol contents using classical

spectrophotometric methods. The antioxidant activity was established by three

different single-electron-transfer-based assays (ABTS radical cation, FRAP, and

DPPH assays) and one hydrogen-atom-transfer based assay (ORAC). Among the

four fruits tested, the Vitis vinifera hydroalcoholic extract showed the highest

antioxidant capacity with all methods. The results indicated that the antioxidant

activity and the total phenolic content of the selected plants are significantly

different (p < 0.001).
.e01575
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mailto:zeghadnadia@umc.edu.dz
https://doi.org/10.1016/j.heliyon.2019.e01575
https://doi.org/10.1016/j.heliyon.2019.e01575
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2019.e01575&domain=pdf
https://doi.org/10.1016/j.heliyon.2019.e01575
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 Published

(http://creativecommons.org/li

Article Nowe01575
Keywords: Food analysis, Analytical chemistry

1. Introduction

Plant-based foods are not only important sources of macronutrients (lipids,

sugars, carbohydrates and proteins), but also of secondary metabolites. The latter

are becoming increasingly popular for their beneficial effects on consumer

health, for instance, by providing antioxidants. In the recent years the focus

on natural antioxidants, especially from plant material as like vegetables and

fruits, has tremendously increased (Bunea et al., 2011). An inverse association

has been perceived between age-related disorders and the consumption of fruits

and vegetables. This property may be due to the fact that antioxidant agents,

especially phenolic compounds, which are commonly occuring antioxidants in

fruits and vegetables, commonly consumed (Dudonne et al., 2009). Some au-

thors indicate that most frequently the antioxidant activities of a fruit or vege-

table may be due to the presence of polyphenolic compounds (Karadeniz

et al., 2005). Epidemiological studies indicate that a considerably higher amount

of natural antioxidants in the human diet may protect us against various life

threatening diseases, like hepatitis and aging, cancer (Bunea et al., 2011). The

development of these disorders is mainly due to the presence of reactive oxygen

species (ROS) in the human body (Ma et al., 2011). By stimulating and sustain-

ing cellular defense mechanisms, antioxidants can help preventing cellular com-

ponents against oxidative damage caused by free-radical species (Kumaran and

Karunakaran, 2007). Therefore a sufficient amount of diet-based antioxidants are

required to counter the ROS. Antioxidants are now a days commercially used in

food products to increase the shelf life. A large number of these antioxidants is

of synthetic origin, which poses considerable health risks. Therefore a growing

concern to replace these synthetic antioxidants by natural is observed (Dudonne

et al., 2009). For these reasons the antioxidant activity is the most commonly

determined among the different potential biological activities of plant extracts.

Several studies on antioxidant capacity of fruit extracts have been recently re-

viewed (Maria et al., 2000; Kriengsak et al., 2006). Results showed that some

fruits extracts from pineapple, mango, papaya, apple, berries and others ex-

hibited high level of antioxidant power (Maria et al., 2000; Kriengsak et al.,

2006).

The fruits of Vitis vinifera, Punica granatum, Citrus aurantium and Opuntia ficus

indica from the north of Africa developed in the Mediterranean climate, were

selected for the present study because they are widely consumed in Algeria and

thus play an ample role in the diet nutraceutical value, more generally in all countries

of the Maghreb. To the best of our knowledge, no studies have been carried out yet
on.2019.e01575
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on these Algerian fruits, regarding their antoxidant activities. Our present research

aims to quantify the antioxidant capacity of the hydroalcoholic fruit extracts of Vitis

vinifera, Punica granatum, Citrus aurantium and Opuntia ficus indica. The results

obtained by the ORAC, DPPH, ABTS and FRAP assays were compared and corre-

lated with the total polyphenols, flavonoids and flavonols contents. The principal fla-

vonoids present in the selected fruit extracts were also determined by an HPLC

method.
2. Material and methods

2.1. Plant material

Four different fruits were purchased during their maturation periods from the local

market of Constantine (North-East Algeria). These included Vitis vinifera, Punica

granatum, Citrus aurantium and Opuntia ficus indica (Table 1). One sample of

each fruit was properly washed and air dried. The edible parts of Vitis vinifera, Pun-

ica granatum, Citrus aurantium and Opuntia ficus indica were freeze-dried, grinded

and stored at -25 �C until analysis.
2.2. Sample preparation

The samples were extracted following the methods of Babero et al. (2008) and Ma

et al. (2009). Samples of 25g lyophilized edible fruits of Vitis vinifera, Punica gran-

atum, Citrus aurantium and Opuntia ficus indica were macerated at room tempera-

ture for 24 h with 500 mL methanol/water (70/30, v/v) along with ultrasound

extraction for 30 min (Fisher scientific fb 15046, Leicestershire, England) (>20

kHz in frequency). After filtration, the remaining vegetal material was re-extracted

twice applying same procedure. The filtrates were combined and concentrated in a

rotavap (Buchi, Switzerland) under vacuum at low temperature (<40 �C). The ex-

tracts were lyophilized (Christ Alpha 2e4 LD plus, Osterode am Harz, Germany)

and stored at under low temperature (-25 �C) for future use.
Table 1. Characterization of the plant material.

Species Vegetative part Vegetative stage Used parts

Vitis vinifera L (Grapes) Berry of grapes Mature fruit (September 2013) Whole fruit with
seeds and envelope

Punica granatum L
(Pomegranate)

Berry of pomegranate Mature fruit (September 2013) Fruit without bark

Citrus aurantium L
(Bitter orange)

Berry of bitter orange Mature fruit (January 2014) Fruit without bark

Opuntia ficuseindica L
(Prickly pear)

Berry of prickly pear Mature fruit (September 2013) Fruit without bark
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2.3. Total phenolic content determination

The total phenolic content (TPC) of the plant samples was determined by the Folin

Ciocalteu assay, described by Adesegun et al. (2007). 1.0 mL of extract dissolved in

distilled water was mixed with 5.0 mL Folin-Ciocalteu reagent (10%) and 4.0 mL

sodium carbonate (0.7M). After 2 h incubation at room temperature, the absorbance

was recorded at 760 nm (Spectroscan 60DV UV/Vis spectrophotometer, Biotech

Engineering Management Co. Ltd, Cyprus) against water blank. A calibration

curve was constructed with gallic acid standards in water (0e0.1 mg/mL). All

assays were repeated three times (n¼3). Total phenolic content was expressed as

mg GAE/g dry fruit extract (mean � standard deviation) (GAE: gallic acid

equivalent).
2.4. Total flavonoid content determination

The total flavonoid content of the samples was determined applying a colorimetric

method (Ayoola et al., 2008). 2.0 mL extract, dissolved in ethanol, was added to

2.0 mL AlCl3 reagent (2%) in ethanol. Absorbance was recorded at 420 nm after

30 min incubation at room temperature against an ethanol blank. A calibration curve

with quercetin standards in ethanol (0e0.1 mg/mL) was developed. All assays were

repeated three times (n¼3). Total flavonoid content was expressed as mg QE g�1 dry

fruit extract (mean � standard deviation) (QE: quercetin equivalents).
2.5. Flavonol content determination

The flavonol content of the samples was determined since flavonols represent the

main fraction of compounds responsible for the antioxidant activity (Tapan,

2011). The content was estimated according to Oyedemi et al. (2010). 2.0 mL of

the sample dissolved in ethanol was mixed with 2.0 mL AlCl3 (2%) prepared in

ethanol (96%) and 3.0 mL sodium acetate solution (50 g/l). The absorbance at

440 nm was recorded after 2.5 h incubation at 20 �C. A calibration curve with quer-

cetin standards in ethanol (0e0.1 mg/mL) was constructed. All assays were repeated

three times (n¼3). Total flavonol content was expressed as mg QE g�1 dry fruit

extract (mean � standard deviation).
2.6. Antioxidant activities

2.6.1. DPPH antioxidant assay

The free radical scavenging activity was determined spectrophotometrically against

the stable DPPH radical. 2.0 mL of each concentration of fruit samples (0.1e1 mg/

mL), prepared in methanol, was mixed with an equal volume of a methanolic DPPH

solution (0.004 %). The absorbance of each sample was determined at 517 nm after
on.2019.e01575
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incubation for 30 min at room temperature. Trolox was used as positive control.

Scavenging activity (%) was calculated from absorbance values using the following

equation:

Percentage Scavenging activity¼ ½ðA�BÞ=A� � 100

With A: the absorbance of the control sample (DPPH solution)

B: the absorbance of each sample dilution

All assays were repeated three times (n¼3). The antioxidant activities of the fruits

and control were estimated by determining the IC50 (mg/mL) values, i.e. the concen-

tration required to scavenge 50% DPPH radicals, expressed as mean � standard de-

viation (Talukder et al., 2013).
2.6.2. ABTS radical scavenging assay

The assay utilizes ABTS radical produced by the oxidation of ABTS2- with potas-

sium persulfate. The ABTS radical scavenging assay was performed following the

method described in Re et al. (1999). 7mM ABTS solution at pH 7.4 (5mM

NaH2PO4. 5mM Na2HPO4, 154mM NaCl) was mixed with 2.5mM potassium per-

sulfate (v/v) to generate the ABTS� radical. The solution was allowed to standard for
16 hrs of storage in the dark before use. The mixture was diluted with ethanol to

adjust the absorbance at 0.70 � 0.02 at 734 nm. For each sample, 100 ml of various

concentrations (0.1e1 mg/mL), dissolved in buffer (5mM NaH2PO4. 5mM

Na2HPO4, 154mM NaCl) was allowed to react with freshly prepared ABTS solution

(900ml) at room temperature. After six minutes the absorbance was measured. A

standard curve was prepared based on different Trolox concentrations in water

(0.01e0.1 mg/mL). All assays are repeated three times (n¼3). IC50 value (mg/L),

which represents the concentration of a sample required to scavenge 50% of the

ABTS radicals, expressed as mean � standard deviation was calculated. The same

equation as in the DPPH assay was used here.
2.6.3. Ferric reducing antioxidant power (FRAP)

The reducing power of Vitis vinifera, Punica granatum, Opuntia ficus indica, and

Citrus aurantium was determined by the method of Hseu et al. (2008). 1.0 mL of

each sample diluted in buffer (0.1e1 mg/mL) was mixed with 1.0 mL phosphate

buffer (0.2M, pH 6.6) and 1.0 mL potassium ferricyanide [K3Fe(CN)6] (1%). Incu-

bation at 50 �C was performed for 20 min. The 1.0 mL trichloroacetic aid (TCA)

(10%) was added to the solution, followed by centrifugation at 3000 rpm for 10

min. 1.5 mL distilled water and 150ml FeCl3 (0.1%) were then mixed with the super-

natant and the absorbance was recorded at 700 nm. Rutin was used as reference ma-

terial. All assays of Vitis vinifera L, Punica granatum L, Citrus aurantium L or
on.2019.e01575
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Opuntia ficus indica L are repeated three times (n¼3). The EC50 (mg/mL) i.e. the

effective concentration of an extract that reduces 50% of the ferric iron Fe3þ to

ferrous iron Fe2þ expressed as mean � standard deviation, was estimated.
2.6.4. Oxygen radical absorbance capacity (ORAC) assay

A 96-well black-walled plate was used to perform the ORAC assay. Each sample,

Trolox standard or blank (25 ml) were diluted in phosphate buffer (75 mM, pH

7.4) in 2.5% DMSO, and 150 ml of fluorescein (8.16.10�5 mM). The plate was

covered and incubated for 10 min in a preheated FL 600 microplate reader (37
�C) with 3 min of gentle shaking. Consecutively, 25 mL AAHP (153 mM) was added

and the plate was then immediately shifted to the plate reader. The fluorescence was

measured every minute for 35 min, using an excitation filter set at 485/20 nm and an

emission filter at 528/20 nm (VICTOR3 1420: Perkin-Elmer, USA). For each sample

and standard the net area under the fluorescence curve (AUC) was calculated using

the Eq. (1). Then using the regression line equation final ORAC values were calcu-

lated, Eq. (2). Final results are expressed as Trolox equivalents mM/gram of dry fruit

extract samples (Dejian et al., 2002). All tests are repeated three times (n¼3).

AUC¼ 0:5þ f1=f0 þ...:fi=f0 þ..::f34=f0 þ ðf40=f0Þ ð1Þ

ORACðmMTEÞ ¼ �
AUCsample �AUCblank

��ðAUCTrolox �AUCblankÞ �CTrolox�k
ð2Þ

With f0 the initial fluorescence reading at 0 min and f1 the fluorescence reading at

time 1, CTrolox the concentration (mM) of Trolox (25 mM) and k the sample’s dilu-

tion factor.
2.7. HPLC identification of phenolic compounds and flavonoids

Chromatographic analysis for the identification of phenolic acids and flavonoids

was carried out using four coupled Chromolith Performance RP-18e columns

(100 mm � 4.6mm I.D) from Merck (Darmstadt, Germany). The mobile phase

used was trifluoroacetic acid 0.05% (v/v) in water to which methanol was added

in a linear gradient from 95:5 to 5:95 (v/v) within 90 min and added an isocratic

part till 100 min, with a flow rate of 1.0 mL/min. UV detection was performed at

280 nm and 325 nm using a Lachrom Merk Hitachi L-7400 UV Detector

(Alaerts et al., 2014).

Phenolic acids and flavonoids found in the fruit extracts were identified by compar-

ison with the retention times and UV-spectra of authentic reference standards.
on.2019.e01575
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Sample TPC (mg/g)
GAE gL1

T
Q

VV 23.06 � 0.17 1

PG 15.39 � 0.08 1

CA 14.34 � 0.30 7

OFI 1.95 � 0.07 1

Abbreviations: VV: Vitis vini
alent. QE: quercetin equivalen
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3. Results and discussion

3.1. Total polyphenols, flavonoids, and flavonols

Results are given in the Table 2 and reveal that the total polyphenol contents

ranged from 1.95 � 0.07 to 23.03 � 0.17 mg GAE g�1. Vitis vinifera extracts

showed the highest content followed by Punica granatum, whereas Opuntia ficus

indica had the lowest polyphenolic content. Total flavonoid and total flavonol con-

tents varied from 1.35 � 0.02 to 14.37 � 0.08 mg QE g�1 and from 2.24 � 0.04 to

5.34 � 0.02 mg QE g�1 respectively. These results suggest that the selected fruits

especially Vitis vinifera, Punica granatum and Citrus aurantium are rich in poly-

phenols and flavonoids, which are well known for their free radical scavenging and

antioxidant activities (Faccim de Braum et al., 2013; Nivedhini et al., 2014). These

results are in accordance with earlier findings. For example, for the phenolic con-

tent, Baydar et al. (2004), Shams Ardekani et al. (2009), Moulehi et al. (2012) and

Chougui et al. (2013) reported comparable results for Vitis vinifera (29.55 � 3.2

mg GAE g�1), Punica granatum (14.94 � 1.6 mg GAE g�1), Citrus aurantium

(16.80 � 0.25 mg GAE g�1) and Opuntia ficus indica (2.45 mg GAE g�1) fruits

respectively.
3.2. Antioxidant activities

The edible parts of Vitis vinifera, Punica granatum, Citrus aurantium and Opuntia

ficus indica fruits were selected because they are the most frequent seasonal fruits

found in the Algerian alimentary market and play an important role in the diet of

local people as they are widely consumed. To the best of our knowledge no studies

have been carried on the Algerian Vitis vinifera, Punica granatum, Citrus aurantium

and Opuntia ficus indica edible fruits parts regarding their antioxidant activities and

chemical composition responsible for these activities. Information on these activities
(TPC), flavonoid (TFC) and flavonol (TFLC) contents of the selected fruits and

ies.

FC (mg/g)
E gL1

TFLC (mg/g)
QE gL1

DPPH
IC50

(mg/mL)

ABTS IC50

(mg/mL)
FRAP
IC50 (mg/mL)

ORAC IC50

(mM TE/g)

4.37 � 0.04 5.34 � 0.02 0.270 � 0.001 0.040 � 0.003 0.98 � 0.01 2036 � 46

2.95 � 0.07 4.00 � 0.06 0.600 � 0.003 0.58 � 0.03 2.61 � 0.02 1328 � 11

.27 � 0.04 3.99 � 0.04 0.810 � 0.005 0.49 � 0.03 3.82 � 0.01 842 � 20

.35 � 0.02 2.24 � 0.04 3.52 � 0.03 0.80 � 0.05 8.04 � 0.02 1043 � 24

fera, PG: Punica granatum, CA: Citrus aurantium, OFI: Opuntia ficus-indica. GAE: gallic acid equiv-
t. mM TE/g: mM Trolox equivalent/g dry extract. Values are expressed as Mean � SD (n¼3).
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is also limited. This study was therefore undertaken to obtain some data in relation to

this aspect.

The most commonly employed antioxidant assays are divided in two major cate-

gories: methods based on single electron transfer (ET), including the ABTS,

FRAP and DPPH assays, and on hydrogen-atom transfer (HAT) including the

ORAC assay. The DPPH assay is a simple inexpensive assay which utilizes a sta-

ble, nitrogen containing, purple colored radical, which is reduced by natural anti-

oxidants or reducing compounds to a pale yellow colored hydrazine (Mohd Azman

et al., 2013). The FRAP method is also a quick bioassay in which yellow colored

ferric tripyridyltriazine complex (Fe(III)-TPTZ) is reduced by phenolic compounds

to a blue colored ferrous complex (Fe(II)-TPTZ) due to the electron donating abil-

ities of its compounds (Mohd Azman et al., 2013). The ORAC assay measures the

scavenging of peroxyl radicals, which are formed from AAHP radicals by sponta-

neous decomposition. ORAC is a widely used assay for flavonoids and phenolic

acids.

The electron transfer (ET) based assays utilize the ability of an active compound

(antioxidant) to reduce an oxidant, which upon reduction changes color. The degree

of color change is then correlated with the antioxidant activity of the sample. The

HAT-based assays involve the utilization of a competitive environment between

antioxidant compound and thermally generated peroxyl radicals (Dudonne et al.,

2009). Because of the complexity and heterogeneity of the chemical compounds

responsible for the total antioxidant capacity of botanical products, this capacity

cannot accurately be determined by applying only one single assay. Different tests,

involving multiple-reaction characteristics and mechanisms, must be used in order to

obtain a reliable picture.

The different extracts were assayed for their capacity to neutralize free radicals. A

smaller IC50 value indicates a higher antioxidant activity. For the DPPH, ABTS

and FRAP (hydrogen atom transfer based) assays, the lowest IC50-values (highest

antioxidant capacity) were found for Vitis vinifera regardless of the type of assay

applied (Table 2). Highest IC50 values were obtained with Opuntia ficus-indica.

In case of the ORAC, highest value was shown by Vitis vinifera.

Finding a high correlation coefficient (r) can provide information on the relationship

between variables. The value of ‘r’ was considered positively high when 0.68 � r

(Fidrianny et al., 2013). The scavenging values of DPPH, ABTS and FRAP are

all highly correlated with total polyphenol contents (r2 ¼ 0.90, 0.85, 0.98 respec-

tively), but the latter was not correlated with the ORAC-assay (r2 ¼ 0.50).

Different active phytochemicals may synergistically increase the antioxidant capac-

ity based upon the nature of their phenolic groups, upon their mechanisms of work-

ing and upon the experimental conditions used for antioxidant activity
on.2019.e01575
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measurements (Faccim de Braum et al., 2013). Antioxidant capacity may also be

reduced by interference from non-antioxidant compounds (Bhouri Mnari et al.,

2016). A single assay will therefore never reflect the entire potential antioxidant ca-

pacity of a sample. Hence, only by combining the results of different assays, more

reliable information about the potential activity of the compounds present in the sam-

ples can be achieved (Bunea et al., 2011; Elfalleh et al., 2012).

In view of the good correlation found for the flavonoids content in the fruit extracts,

it may be assumed that these compounds exert a significant antioxidant capacity. It is

well known that this activity is strongly influenced by the specific flavonoid structure

(Ami�c et al., 2003). Higher antioxidant activity is associated with OH-groups in

ortho C3’4’, OH-function in C3, oxo function in C4 and a double bound between

C2 and C3.

These results are in good agreement with previous findings where high correlation

was found between different methods used for determining antioxidant activity

and the total phenolic content in different plant samples, especially fruits

(Dudonne et al., 2009; Floegel et al., 2011). Phenolic compounds are abundantly

present secondary metabolites in plants, especially fruits, and impart antioxidant ac-

tivity (Macheix et al., 1990). A strong correlation between total phenolic content and

antioxidant activity estimated by FRAP assay is also reported for fruit juices

(Gardner et al., 2000). Based upon the DPPH and ABTS assays, Gorinstein et al.

(2010) reported a strong correlation between the polyphenol content and antioxidant

activity in three exotic fruits.

The results show that the edible parts of the fruits investigated appear to play a sig-

nificant role in their antioxidant activity. These edible parts present a reservoir of

important bioactive compounds that may be helpful in sustaining good health.

HPLC analysis was employed to determine the composition in phenolic acids and

flavonoids of the four fruit species tested. Because of the great diversity of phenolic

compounds in extracts it is difficult to identify all. Some specific compounds can

however be identified based on the retention times obtained with specific reference

substances. In Table 3 the retention times obtained for these reference compounds

are given.

The HPLC profiles for our four fruit extracts are shown in Figs. 1, 2, 3, and 4. Based

on their retention times, phenolic acids (cafeic acid, cinnamic acid, benzoic acid) and

four flavonoids (catechin, epicatechin gallate, esculetin and quercetin) were identi-

fied in all selected fruit species. Coumaric acid, hesperidin, quercitrin, kaempferol,

and rhamnetin were found in Vitis vinifera and Citrus aurantium. Rutin, epicatechin,

gallic acid and chlorogenic acid were only detected in the fruit extract of Punica

granatum. Naringenin was only found in Citrus aurantium. The results showed

that apigenin was absent in all four fruit extracts. Grapes are the fruits that contain
on.2019.e01575
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Table 3. Retention times obtained with reference compounds.

Authentic standards Retention time (min) Authentic standards Retention time (min)

Gallic acid* 11.95 Esculetin** 30.11

Catechin* 27.17 Hesperedin** 53.49

Chlorogenic acid* 31.17 Rutin** 55.45

Cafeic acid* 31.87 Quercetin** 59.44

Vanillic acid* 32.6 Naringenin** 64.27

Epicatechin gallate* 34.41 Quercitrin** 66.11

Epicatechin* 36.08 Kaempferol** 71.95

Cinnamic acid* 43.12 Apigenin** 72.99

Benzoic acid* 46.12 Rhamnetin** 76

Coumaric acid 76.61 / /

*: detected at 280 nm; **: detected at 325 nm.
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the highest amount of phenolic compounds (Macheix et al., 1990). Their phenolic

compounds are mainly found in peels, pulps, and seeds.

Godevac et al. (2010) divided the phenolic compounds of grape fruits into two main

categories: phenolic acids (mainly present in pulp and peel) and flavonoids. The

condensed tannins, constituted by the flavan-3-ols (monomeric and polymeric),

are localized principally in the outer seed coat (about 3e5 times more than in the

endosperm).

In the present study, the HPLC results of the hydroalcoholic extract of Vitis vinifera

fruit show the presence of well-known phenolic acids and flavonoids (Fig. 1). These

include gallic acid, chlorogenic acid, caffeic acid, cinnamic acid, benzoic acid, cate-

chin, epicatechin gallate, coumarin, esculetin, hesperidin, rutin, quercetin, quercitrin,
Fig. 1. HPLC profile at 280 nm (A) and 325 nm (B) of the fruit extract of Vitis vinifera. Identified com-

pounds: (A): 1: chlorogenic acid, 2: catechin, 3: gallic acid, 4: caffeic acid, 6: epicatechin gallate,7: epi-

catechin, 8: cinnamic acid, 9: benzoic acid, 10: coumaric acid. (B): 1: esculetin, 2: hesperidin, 3: rutin, 4:

quercetin, 6: quercitrin, 7: kaempferol, 9: rhamnetin.
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Fig. 2. HPLC profile at 280 nm (A) and 325 nm (B) of the fruit extract of Punica granatum. Identified

compounds: (A) 2: catechin, 4: cafeic acid, 6: epicatechin gallate, 8: cinnamic acid, 9: benzoic acid. (B):

1: esculetin, 2: hesperidin, 4: quercetin.

Fig. 3. HPLC profile at 280 nm (A) and 325 nm (B) of the fruit extract of Citrus aurantium. Identified

compounds: (A): 1: gallic acid, 2: catechin, 3: chlorogenic acid, 4: caffeic acid, 5: vanillic acid, 6: epi-

catechin gallate, 7: epicatechin, 8: cinnamic acid, 9: benzoic acid, 10: coumaric acid. (B): 1: esculetin, 2:

hesperidin, 3: rutin, 4: quercetin, 5: naringenin, 6: quercitrin, 7: kaempferol, 9: rhamnetin.
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Fig. 4. HPLC profile at 280 nm (A) and 325 nm (B) of the fruit extract of Opuntia ficus indica. Identified

compounds: (A): 1: gallic acid, 2: catechin, 3: chlorogenic acid, 4: caffeic acid, 5: vanillic acid, 6: epica-

techin gallate, 7: epicatechin, 8: cinnamic acid, 9: benzoic acid. (B): 1: esculetin, 3: rutin, 4: quercetin.

11 https://doi.org/10.1016/j.heliyon.2019.e01575

2405-8440/� 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Article Nowe01575

https://doi.org/10.1016/j.heliyon.2019.e01575
http://creativecommons.org/licenses/by-nc-nd/4.0/


12 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 Published

(http://creativecommons.org/li

Article Nowe01575
kaempferol and rhamnetin. These results are partly similar to the findings of Gursoy

(2012) who found as major phenolic compounds in Vitis vinifera fruit benzoic acid,

p-coumaric acid, gallic acid, caffeic acid, and cinnamic acid. Godevac et al. (2010)

also described as most commonly found phenolic acids in grapes gallic acid, benzoic

acid and cinnamic acid. The flavonoids found in grapes include red and blue antho-

cyanins, flavonols and colorless flavan-3-ols. Flavan-3-ols, including catehin and ep-

icatechin, are the flavonoids abundantly found and isolated from grape seeds and

peels.

The results presented in Fig. 2 demonstrate that Punica granatum fruit extracts

exhibit a number of antioxidant compounds. Some HPLC-based reports claim the

presence of various phenolic compounds in pomegranate fruit. The present study re-

veals also different phenolic compounds, like caffeic, cinnamic and benzoic acids,

catechin, epicatechin gallate, esculetin, hesperidin and quercetin. Hmid et al.

(2013) reported also the presence of caffeic acid, chlorogenic acid, gallic acid, quer-

cetin, catechin and epicatechin in pomegranate. In addition, they also reported on the

presence of rutin, ferulic acid, chlorogenic acid and ellagic acid. The absence of the

latter compounds in our sample may be due to the fact that the polyphenolic content

differs qualitatively and quantitatively from one plant to another and from one organ

to another of the same species. This may be due to several factors: biotic conditions,

harvesting conditions, cultivation practice, ripening stage, growth location, season-

ality, drying temperature, extraction solvent polarity and the extraction method

(Aganga and Mosase, 2001; Bhouri Mnari et al., 2016):

*Biotic conditions (external factors): plants have developed diverse protection

strategies against stressful factors; on the one hand, the development of structures

likes thorns, glandular hairs and foliar trichomes; on the other, the production of sec-

ondary metabolites. The latter act as defense against predators and pathogens, inhib-

iting insect growth and development, acting as allelopathic agents, enhancing the

attraction of pollinators, the resistance to viruses, the protection against ultraviolet

radiation, even acting as signal molecules for nodulation in vegetable-rhizobium

symbiosis and as antioxidant agents.

Secondary metabolites vary qualitatively and quantitatively between species, but

also between populations of the same species, between individuals of those popula-

tions and between the organs of a certain individual, to such an extent that some au-

thors defend phenolic quantification as an approach method to assess the level of

chemical defense of a plant. The synthesis of secondary metabolites varies and is

induced by ecological factors such as UV-light, hydric stress and temperature. These

compounds have been shown to function as UV filters, as protectors against herbi-

vores, and as allelopathic agents (Valares Masa et al., 2016).

* Development stage of the plant, harvesting conditions and ripening stage: The
lowest total phenolic compounds is seen at the beginning of maturation and
on.2019.e01575
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gradually increases with the pulp ripening stage. Such differences might be related to

changes in the secondary metabolism (Tomsone and Kruma, 2017).

* Extraction method: the extraction yield and consequently, the biological activity

of vegetal extracts can be strongly affected by the solvent applied. Recent studies

showed that the total phenolic content extracted from plants was affected by the sol-

vent polarity; for example, solvents with low polarity, such as ethyl acetate, are less

efficient than more polar solvents. Water and ethanol or methanol are often recom-

mended for extract preparation because of their polarity. The use of organic solvents

for extractions has several disadvantages, such as: (a) solvent residue in the product,

(b) worker exposure, (c) disposal of waste solvents, and (d) environmental pollution.

Several studies have shown that ethanol, methanol and water are effective for poly-

phenol extraction (Abarca-Vargas et al., 2016).

* Drying temperature: drying methods that use high temperatures to dehydrate

plant extracts cause a dramatic loss of phenolic compounds and antioxidant activity,

which reache up to 60%. Other drying methods that remove moisture at low temper-

atures avoid degradation of the active constituents. Many drying methods, such as

convection oven drying, freeze-drying and microwave drying, are also necessar

used to preserve medicinal herbs (Abdullah et al., 2018).

Ali et al. (2014) reported the presence of phenolic compounds, such as ellagic acid

and gallic acid, along with punicalagin, in Punica granatum fruit peel. Kaempferol

was not detected in our extracts. This finding is in good agreement with a previous

report of Kulkarni and Aradhya (2005), where no detectable amounts of kaempferol

could be found in eight Iranian pomegranate fruit.

The Citrus plant also contains a large variety of flavonoid derivatives, including nar-

ingin, hesperidin and polymethoxylated flavones, which are unique to it, while com-

pounds, such as rutin and quercetin are much common in the plant kingdom (Nogata

et al., 2006). Mostly, Citrus species deposit ample amount of various flavonoids dur-

ing their organ development (Mata Bilbao et al., 2007). Flavonoids found in Citrus

sp can be grouped into three groups; i.e. flavones, flavonols and flavanones (Mata

Bilbao et al., 2007). In our present study, 19 different standards are detected in

the Citrus aurantium fruit extracts, except apigenin (Fig. 3). These results are partly

similar to Nogata et al. (2006), where it was found that Citrus aurantium is

extremely rich in flavonoids, principally in naringenin, hesperidin and rutin. Previ-

ous reports also showed that Citrus aurantium accumulates many types of phenolic

compounds in their fruits, with hesperidin and neohesperidin in smaller amounts and

naringin as principal flavanone glycoside (Gattuso et al., 2007; Mata Bilbao et al.,

2007). Berhow et al. (1998) indicated also that Citrus fruits are rich in flavonoids.

They have also quantified a number of specific flavonoids in the fruit tissue like hes-

peridin, naringenin and luteolin among others using sensitive HPLC technology.
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In the fruit extracts of Opuntia ficus indica, compounds eluting at retention times for

caffeic acid, vanillic acid, gallic acid, cinnamic acid, chlorogenic acid, benzoic acid

and epicatechin gallate, epicatechin, catechin, esculetin, rutin, and quercetin were

retrieved (Fig. 4). Fern�andez Lopez et al. (2010) reported the presence of significant

amounts of flavonoids, including kaempferol, luteolin, isorhamnetin and quercetin,

from which quercetin was the predominant compound.

It can be noted from the Table 2, a good correlation between the low content of poly-

phenols and flavonoids in the fruit extracts with a relatively reduced scavenging ef-

fect, this supports the fact that this types of compounds play a major role in the

antioxidant potential.

In the present qualitative study, some phenolic acids and flavonoids were identified

by comparison of their peaks and their retention times to those produced by stan-

dards. Further investigations need to be done to make a quantitative analysis of these

compounds.
4. Conclusion

The hydroalcoholic extracts of the edible parts of the fruits of Vitis vinifera,

Punica granatum, Citrus aurantium and Opuntia ficus indica were analyzed

for their antioxidant activity using three assays based upon single electron trans-

fer (DPPH, ABTS, FRAP) and one hydrogen atom transfer assay (ORAC).

HPLC analysis unveiled the presence of numerous phenolics and flavonoids in

the fruit extracts. All fruit extracts demonstrated high positive correlation be-

tween total phenolics, flavonoids or flavonols contents with the DPPH, ABTS,

FRAP and ORAC capacities. Consequently, compound-activity relationships

for the antioxidant activity can be built as a fonction of HPLC-DAD, HPLC-

MS or NMR information on the conditions that each different samples are

analyzed. Samples of Algerian fruits collected at different regions and seasons

can then be compared in order to analyze how climate and soil affects the anti-

oxidant capacity.
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