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Abstract:
Background: Phenolic compounds from Citrus are known to be a topic of many studies due to their biological
properties including antioxidant activity.
Methods: Methanolic and aqueous extracts were isolated from Citrus leaves of different species (C. clementina,
C. limon, C. hamlin, C. navel, C. aurantifolia, C. aurantium and C. grandis) harvested in Algeria.
Results: The results showed that aqueous extracts of all species are rich in total phenolic compounds and
flavonoids (from 68.23 to 125.28 mg GAE/g DM) and (from 11.99 to 46.25 mg QE/g DM) respectively. The
methanolic and aqueous extracts were examined for in vitro antioxidant properties using various antioxidant as-
says. For aqueous extracts, C. limon showed an important DPPH radical scavenging activity (IC50 35.35 µg/mL),
and C. clementina exerted the highest ABTS radical scavenging activity (1,174.43 µM ET/g DM) and a significant
ferric reducing potential (30.60 mg BHAE/g DM). For methanolic extracts, C. clementina showed the highest an-
tioxidant activity for all the realized assays (IC50 41.85 µg/mL, 378.63 µM ET/g DM and 13.85 mg BHAE/g DM)
for DPPH, ABTS radicals scavenging activities and ferric reducing potential respectively. Antiperoxidase and
antipolyphenol oxidase activities of these samples were also evaluated.
Conclusions: In this investigation, the assessment of antiperoxidase activity proved that the leaves extracts of
different species were able to inhibit peroxidase activity. However, this inhibition varied with the species and
the source of these enzymes. On the other hand, the aqueous extracts of different species showed moderate
inhibition of polyphenol oxidase, while no effect on these enzymes was obtained with methanolic extracts.
Keywords: antioxidant activity, Citrus, peroxidase, phenolic compounds, polyphenol oxidase
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Introduction

Oxygen is an essential element for our survival and our development, but when its metabolism is deregu-
lated, it generates radical species which are defined as molecules having one or more unpaired electrons in
their outer layers [1]. These free radicals react with the tissues causing oxidative damage. For that, our body is
equipped with a complex system of antioxidant defense, endogenous enzymes (SOD, catalase and glutathione
peroxidase), not exogenous enzymes. However, under certain conditions, an imbalance caused by an excessive
production of free radicals or by a decrease in antioxidant defense called oxidative stress often cause of molec-
ular alterations (proteins, lipids, DNA and carbohydrates) participating in the development of many diseases
such as atherosclerosis, neurodegenerative diseases, cardiovascular diseases, etc. [2]. Furthermore, the use of
polyphenols as antioxidants may reduce the risk of diseases called oxidative damage [3]. For a long time, people
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have been enjoying the soothing properties and analgesic of medicinal plants. Today two-thirds of the pharma-
copoeia are using their healing properties, they are largely composed of phenolic compounds such as phenolic
acids, flavonoids and tannins [4].

On the other hand, the consumption of food during browning (fruits and vegetables) can cause oxidative
stress therefore health damage. This phenomenon can also cause not negligible economic losses. It consists of
a coloring change during the aging of fresh food or during the implementation of the various conservation or
manufacturing processes; it results from deterioration during mechanical, technological or natural treatments
[5]. These deteriorations frequently harm to the organoleptic and food nutritional qualities, thus leading to
considerable economic losses and health problems during consumption [6]. The enzymatic browning is the
result of the transformation by the intermediary of a specific enzymatic system of phenolic colored polymer
compounds (melamine). Reaction of initiation being an oxidation of the phenolic compounds by polyphenol
oxidase (PPO) and peroxidase (POD) [5]. PPO is probably present in all plants. It belongs to the group of the
oxidoreductases with two copper atoms. It catalyzes the oxidation of the phenolic compounds in the presence
of molecular oxygen as a co-substrate [7]. This enzyme catalyzes two distinct reactions: the hydroxylation of
the monophenols to o-diphenols and the oxidation of o-diphenols to o-quinones, which lead to the formation
of black or brown pigments [8]. PODs of plants, also called PODs of class III, catalyze the oxidation of several
substrates whose phenols in the presence of hydrogen peroxide (H2O2) are implied in several physiological
processes related to growth and resistance to biotic and abiotic constraints. The diversity of their quantitative
and qualitative aspects made these oxidoreductases potential markers for several plants [9].

Many works were devoted to the search of inhibitors of the enzymatic browning and several techniques
and mechanisms were developed in order to maintain quality, to prolong the shelf life of crop product and
for enzyme classification. The inhibition of these enzymes in the fruits and vegetables is generally carried out
by using physical treatments (bleaching, congelation, lowering of the pH) or by addition of the chemical ad-
ditives (sulfites, ascorbic acid, polyvinylpolypyrrolidone [PVPP]) [10]. Besides, in spite of the multitude of the
physico-chemical treatments acting against the enzymatic browning, no efficient substitute, cheap, practical
and without adverse effects on the organoleptic properties of food products have been able to serve as an al-
ternative to this product. Furthermore, the current request of the consumers turn more and more to a natural
food deprived of synthetic additives [11].

Citrus leaves are selected based on their local use in traditional medicine in the treatment of many diseases
and for their nutritional virtues. It is an important crop with world production estimated at 115 million tons
per year. From 2010 to 2011, 571 thousand tons were produced in Algeria which is the 19th producer in the
world and the 3rd in the Arab Maghreb Union [12]. Citrus leaves are an important source of bioactive com-
pounds including antioxidants such as ascorbic acid, flavonoid and phenolic compounds that have assumed
great importance, and recently proposed the use of antioxidant vegetable extracts both as an alternative to food
preservation technology and as prophylactic agents for some human diseases [13, 14].

The objectives of this study were to determine and to compare the content of phenolic compounds and
the antioxidant capacity of leaves from seven selected Citrus species and to investigate the capacity of these
phenolic compounds to reduce both POD and PPO activities produced by organic methods from five leafy
vegetable extracts.

Materials and methods

Chemical reagents

All chemicals were purchased from Sigma-Aldrich (Germany).

Sample preparation

The leaves of six species of the genus Citrus: C. clementina, C. aurantium, C. limon, C. sinensis: vr Thomson navel
and hamlin, C. grandis osbeck, and C. aurantifolia used in this study were harvested from different regions of Bejaia
(INRAA, Amizour and Akbou, North East of Algeria) during January 2013. They were cleaned with running
water, freed of dust and then shadow dried in the shade for 7 days and then transferred to an oven at 40 °C,
until a stable weight. The dried plant materials were ground to granulometry lower than 250 mm [15].
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Extraction of phenolic compounds

Twenty grams of each powder factory were extracted by absolute methanol at the ambient temperature (25 °C)
for 24 h (200 mL, w/v: 1/10). The extracts were filtered and evaporated in the drying oven at 40 °C until the
complete evaporation of methanol to obtain the crude extracts, and kept in the dark at 4 °C until tested [16]. In
other part of the study, a second extraction was realized according to Pérez et al. [17]. Twenty grams of each
sample were made to backward flow during 3 h with 60 °C in 200 mL of distilled water. After maceration the
obtained extracts were filtered and freeze-dried using a lyophilizer of mark “CRIST”.

Determination of total phenolic content

The amount of total phenolic compounds was determined by the Folin–Ciocalteu reagent using the method
described by Coe et al. [18]; 1.5 mL of Folin–Ciocalteu reagent (0.1N) was added to 200 μL solution of both
methanolic and aqueous extract. The solution was mixed and incubated for 5 min at the darkness; 1.5 mL of a
sodium carbonate solution (6 %) was added in the reaction medium. The absorbance was measured at 765 nm
after 2 h of incubation at ambient temperature by a SPECORD 50 UV-VIS spectrophotometer. The results were
expressed as milligrams of gallic acid equivalent (EAG) per gram of dry matter (mg EAG/g DM).

Determination of fllavonoid content

The flavonoid content in the extracts was determined by colorimetric aluminum chloride method described by
Kadri et al. [19]; 1 mL of aluminum trichloride (2 %) was mixed with 1 mL of extracts. The absorbance of the
reaction mixture was measured at 415 nm after 10 min of incubation to the darkness and ambient temperature
against a blank prepared under the same conditions. The concentration of the flavonoids was expressed as
milligram of quercetin equivalent per gram of dry matter (mg EQ/g DM).

Determination of total antioxidant activity

DPPH radical-scavenging activity

The test of DPPH (2,2-diphenyl-1-picrylhydrazyl) is based on the trapping of stable DPPH free radical by an
anti-radicalizing molecule which involves the reduction of violet-colored DPPH radical to yellow-colored one
[20]. The ability of the extract to trap the DPPH radical was determined according to the method of Masuda
et al. [21]; 50 µL of DPPH solution (5 mM) was added to 2.45 mL of each extracts of Citrus leaves at different
concentrations (25–400 µg/mL). In parallel, a negative control was prepared by mixing 2.45 mL of methanol or
distilled water with 50 µL of DPPH solution. The absorbance at 517 nm is made after 30 min of incubation to
the darkness and ambient temperature. The positive control was represented by a solution of two standards:
gallic acid and quercetin. The percentage of DPPH radical reduction is calculated as follow:

Radical scavenging activity (%) =
Acontrol − Asample

Acontrol
× 100

where Acontrol is the absorbance of the control reaction (containing all reagents except the sample), Asample is the
absorbance of the extract with the DPPH solution. The experiment was carried out in triplicate and the results
are mean values.

ABTS assay

ABTS test is based on the capacity of an antioxidant to stabilize an ABTS cation radical (acid 2,2-azinobis
(3-éthylbenzothiazoline)-6-sulfonic). In reaction medium, ABTS radical cation of intense color blue green, gen-
erated by the oxidation of the ABTS with a strong salt such as the persulfate of potassium which reacted with
a donor of hydrogen [22]. The radical scavenging activity of extracts was evaluated by the trapping of ABTS
radical according to method of Van den Berg et al. [23].

The ABTS radical generated by mixing an ABTS solution (7 mM) with 2.5 mM of persulfate of potassium
(K2O8S2) in the dark room for 16 h. Before usage, the ABTS solution was diluted to get an absorbance of 0.7 at
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734 nm. 1.9 mL of an ABTS solution was added with 100 µL of extract solution to different concentrations. After
5 min of incubation to the darkness and ambient temperature, the absorbance was measured at 734 nm. Positive
control is represented by a solution of a standard antioxidant (Trolox]. The antioxidant capacity by ABTS test
was expressed in TEAC (Trolox equivalent antioxidant capacity). The results are given in μM or mM of Trolox
equivalent per gram of dry matter. The percentage of scavenger activity of radical ABTS is calculated as follow:

Radical scavenging activity (%) =
Acontrol − Asample

Acontrol
× 100

where Acontrol is the absorbance of the control reaction (containing all reagents except the sample), Asample is the
absorbance of the extract with the ABTS solution. The experiment was carried out in triplicate and the results
are mean values.

FRAP (ferric reducing/antioxidant power) assay

The reducing power of the dried Citrus leaves was estimated according to the method described by Amarowicz
et al. [24]; 1 mL of the extract to various concentrations was mixed with 2.5 mL of buffer phosphates (0.2 M,
pH=6.6) and 2.5 mL of potassium ferricyanide solution K3Fe(CN)6 (1 %). The mixture was incubated at 50 °C
during 20 min; 2.5 mL of trichloroacetic acid (10 %) was added to stop the reaction, then centrifuged at 3000
rpm for 10 min; 2.5 mL of supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of ferric chloride
solution (FeCl3 6H2O) at 0.1 %. The absorbance was measured at 700 nm against a blank prepared under the
same conditions. Positive control is represented by a solution of a standard antioxidant butyl-hydroxyanisole
(BHA).

Measurement of anti-browning enzyme activity

Crude vegetables extracts

Red cabbage, green cabbage, cardon, spinach and lettuce were used as raw materials for POD and PPO. These
cultivars were harvested in the region of Bejaia in North east of Algeria. The extractions of the enzymes were
carried out according to the protocol described by Ponce et al. [25]. The vegetables used in this study were
cleaned, grounded and then homogenized using a high speed blender for 3 min with 30 mL of distilled water
at 4 °C. Filtration through a cloth and a centrifugation at 1000g for 15 minutes at 4 °C were performed. The
supernatant, which contained POD and PPO activity, was used as the enzyme source for the experiment.

Determination of POD activity

POD activity was measured in the presence and absence of both methanolic and aqueous extracts from Citrus
leaves using guaiacol as the substrate and hydrogen peroxide (H2O2) as the hydrogen donor; 2.87 mL of the
substrate solution (composed of 10 mL of 1 % guaiacol, 10 mL of 0.3 % hydrogen peroxide and 100 mL of sodium
phosphate buffer (0.05 M, pH 6.5), 0.03 mL of extracts and 0.1 mL of crude extracts were added. In order to use
the right levels of enzymatic activity, the assay volume was adjusted to an adequate dilution to ensure linearity
of the assay. As POD activity assay using guaiacol as a substrate is very sensitive and rapid, it is important to
use the right levels of enzymatic activity in the extract. For cabbage and cardon, the POD activity was measured
at different dilution ratios. Finally, a dilution ratio of 15 µL/mL (v/v) and 65 µL/mL was selected for red and
green cabbage respectively, a dilution ratio of 150 µL/mL (v/v) for cardon. For spinach and lettuce, enzymatic
crude extracts (without dilution) were used. The enzymatic activity was followed by measuring the change
in absorbance at 470 nm for 5 min. For each enzyme source, a reagent blank was prepared with 0.03 mL of
distilled water instead of antioxidant. Each antioxidant concentration was tested for each extract in triplicate
on four independent lots [25].

Determination of PPO activity

The PPO activity was performed according to the protocol described by Lee et al. [26]. The substrate used
is pyrocatechol. The oxidation of pyrocatechol results in the appearance of red-brown color; 1 mL of extracts
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was mixed with 0.1 mL of the enzyme extract and 0.9 mL of phosphate buffer (50 mM, pH 6.8). The solution
was incubated for 5 min at 25 °C and then added to 1 mL of pyrocatechol (0.2 M). The enzymatic activity was
followed by measuring the change in absorbance at 420 nm for 1 min. Each antioxidant concentration was tested
for each extract in duplicate on four independent lots. The rates of inhibition of the enzymes are expressed as
a percentage calculated as follow:

Inhibition rate (%) =
Initial activity ∗ − Residual activity ∗ ∗

Initial activity
× 100

*Enzymatic activity (ΔDO/min) measured in the absence of Citrus extract.
**Enzymatic activity (ΔDO/min) measured in the presence of Citrus extract.

Statistical analysis

All data in this study are expressed as mean±standard deviation (SD) from individual experiments. The statisti-
cal significance was analyzed using the one way analysis of variance (ANOVA) with the STATISTICA software
‘99 Edition. p-Values less than 0.05 were considered to be significant.

Results and discussion

Total phenolics and fllavonoids

The result of phytochemical screening revealed that phenolic compounds constitute the major components of
the most active fractions. The Folin–Ciocalteu’s assay is one of the oldest methods designed to determine the
total contents of phenolics in foods or medicinal plants [27]. The total phenolic and flavonoid compounds in
the methanolic and aqueous extracts of Citrus leaves varied significantly (*p<0.05) from one species to another
depending on the variety of Citrus and the nature of the used solvent for extraction (Table 1). These results
showed that the total phenolic content of the aqueous extracts is higher than that of the methanolic extracts
(from 2.477 mg GAE/g DM to 11.668 mg GAE/g DM for the methanolic extracts and from 68.23 mg GAE/g
to 125.287 mg EAG/g DM in the aqueous extract). The same results were observed for the flavonoid content
(1.04 mg QE/g DM to 7.99 mg QE/g DM for the methanolic extract and from 11.99 mg QE/g DM to 46.25 mg
QE/g DM for the aqueous extract). High levels of total phenolic and flavonoid content were detected in the
aqueous extract of C. clementina (125.287 mg GAE/g DM and 46.25 mg QE/g DM respectively).

Table 1: Total phenolic and total flavonoid contents of Citrus leaves.

Extracts Total phenolic content, mg GAE/g
DM

Flavonoids, mg QE/g DM

Aqueous extract
C. clementina 125.28±4.15a 46.25±2.58a

C. aurantifolia 106.05±2.73b 38.36±1.47b

C. limon 98.06±3.01b 38.73±1.54b

C. navel 86.48±7.94c 19.78±1.98c

C. hamlin 84.24±7.33c 18.28±2.75c

C. aurantium 69.97±1.67d 11.99±1.80d

C. grandis 68.23±4.32d 13.06±1.78d

Methanolic extract
C. clementina 11.67±0.82a 7.99±0.42a

C. aurantifolia 5.77±0.16c 2.72±0.27d

C. limon 3.83±0.78d 2.83±0.36d

C. navel 6.99±0.60b 4.20±0.35c

C. hamlin 4.49±0.19d 2.72±0.40d

C. aurantium 7.77±0.38b 5.08±0.40b

C. grandis 2.48±0.07e 1.04±0.18e

Values are mean±standard deviation (n=3). Means followed by the same letter are not di昀�ferent according to ANOVA Analysis of variance (as in Table 1). GAE,
gallic acid equivalents; QE, quercetin equivalents.
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These results are in agreement with those reported by Muthiah et al. [28], which showed that the content of
total phenolic compounds in the extracts of C. aurantium and C. limon varies between 7.39 and 33.05 mg/g and
with those found by Tawaha et al. [29], which showed that the rates of the phenolic compounds of the aqueous
extracts of two varieties of C. sinensis (Thomson navel et hamlin) are very close (23.4 mg GAE/g). According
to our results, the average of the polyphenol rates in methanolic extracts of various varieties of Citrus was
approximately 6 mg GAE/g. This concentration is comparable with that of the phenolic compounds of the
methanolic extracts of other Citrus species like Citrus medica vr. diamante [30] and C. sinensis [31]. The obtained
results concerning proportions of flavonoids in total phenolic compounds are in agreement with those found
by Bougandoura and Bendimerad [32], which deduced that the flavonoids account 43.24 % of total phenolics
in the methanolic extracts and does not exceed 24.84 % in the aqueous extracts.

Although the results suppose that the methanolic extracts were flavonoids. Another investigation reported
by Muthiah et al. [28] suggests that the proportions of the flavonoids based on the total polyphenolic depend
both on the species of used Citrus and part of plant. Indeed, Menichini et al. [30] have shown that flavonoid
content of C. medica is lower than total phenolic in methanol extracts. On the other hand, the assays of total
phenolic in the extracts of C. limon, C. aurantium and C. limetta showed that the rate of flavonoids varies accord-
ing to the part of the plant used (from 0.51 to 21.62 mg EQ/g). The concentrations were classified in decreasing
order: C. limetta (zest)> C. aurantium (zest)> C. limon (zest)> C. aurantium (leaves)> C. limetta (leaves)> C. limon
(leaves)> C. limetta (fruit)> C. aurantium (fruit)> C. limon (fruit) [28].

Several factors can affect the rate of phenolic and flavonoid content such as the presence of some chemical
groups (ascorbic acid, organic acids, sugars, aromatic amines) which can also react with the Folin–Ciocalteu
reagent [33], but also the period of the crop and the type of the species [34], method of conservation of mining
substrates and degrees of leaf maturation [35].

Total antioxidant activity

DPPH radical-scavenging activity

Many studies illustrate the importance given to natural antioxidants in the fields of food processing and medical
industry, but also their protective roles against the oxygen reactive species and the correlation between bioactive
compounds of plant materials and their antioxidant capacity [36]. The obtained results showed that the different
species of Citrus leave extracts present a DPPH scavenging activity with percentages of 48 % and 84 % at a
concentration of 0.1 mg/mL (Table 2). This scavenging activity remains lower than that obtained with gallic
acid or quercetin. These two pure phenols were used as a reference to have a DPPH scavenging activity over
90 % at a concentration of 0.01 mg/mL. No significant difference of the DPPH radical scavenging power has
been observed between methanolic and aqueous extracts of C. naval, C. grandis, C. clementina (p>0.05). For C.
aurantifolia, C. hamlin and. C. limon, the aqueous extracts are slightly more effective than methanolic extracts.
The highest scavenging effect was observed for the aqueous extract of C. limon (IC50 35.35 µg/mL) while the
lowest activity was found in methanol extract of C. hamlin (IC50 95.78 µg/mL). These results are in accordance
with those found by Muthiah et al. [28], for C. limetta and C. aurantium (IC50 0.148 mg/mL and 0.142 mg/mL
respectively) and by Jabri-karoui and Marzouk [37], for C. aurantium (IC50= 0.190 mg/mL) but significantly
better than the methanolic leaf extract of C. medica vr. diamante (IC50=0.5 mg/mL) [30].

Table 2: Antioxidant activities of some Citrus leaves.

Extracts DPPH IC50, µg/mL ABTS, µM ET/g DM Reducing power, mg
BHAE/g DM

Aqueous extract
C. clementina 43.40±2.47e 1,174.43±1.60a 30.60±0.44a

C. aurantifolia 65.42±2.60d 714.58±9.97c 28.86±0.26b

C. limon 35.35±1.45f 874.54±1.20b 26.03±1.96c

C. navel 82.36±0.94b 528.07±2.68e 22.12±0.61e

C. hamlin 74.99±1.50c 666.20±11.69d 26.23±2.47c

C. aurantium 72.44±1.36c 727.63±9.06c 18.99±1.76f

C. grandis 91.04±1.47a 491.63±14.89f 24.37±1.24d

Methanolic extract
C. clementina 41.85±1.75d 378.63±5.81a 13.85±0.23a

C. aurantifolia 95.32±2.06a 241.23±1.84d 10.86±1.53b

C. limon 78.23±1.57b 169.22±0.91e 09.87±0.24c

C. navel 80.58±1.88b 260.63±9.73c 10.84±0.18b

Bereitgestellt von | De Gruyter / TCS
Angemeldet

Heruntergeladen am | 15.02.17 17:22



DE GRUYTER Khettal et al.

C. hamlin 95.78±0.82a 149.83±5.03f 05.99±0.20e

C. aurantium 68.44±3.71c 353.48±3.81b 13.34±0.11a

C. grandis 94.63±1.26a 167.59±3.14e 07.19±0.18d

Values are mean±standard deviation (n=3). Means followed by the same letter are not di昀�ferent according to ANOVA Analysis of variance. ABTS,
2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid; DPPH, 2,2-diphenyl picrylhydrazyl; IC50, e昀�fective concentration 50 %; TE, Trolox equivalents; BHAE,
butyl-hydroxyanisole equivalents.

For the same plant species, the variability of the results of DPPH scavenging activity can be explained not only
by the nature of the used plant part and its degree of maturation but also by the applied extraction method [38].
The influence of the extraction solvent on the results of DPPH test was shown. The radical scavenging activity
of DPPH of methanolic extracts of C. aurantium flowers reported by Karimi et al. [39] (IC50=300 μg/mL) is
significantly lower than that we found for the methanol extracts of the leaves (IC50=68 μg/mL).

The difference in the DPPH reducing power of the extracts of different Citrus species is probably due to
the composition variability of antioxidant metabolites of these species mainly the phenolic compounds such
as ascorbic acid, tocopherol, flavonoids and tannins [40]. Polyphenols and flavonoids are good electron donor
and/or hydrogen, and their antioxidant power varies from one compound to another [41, 42].

ABTS assay

In order to support the antioxidant efficiency of our extracts, the ABTS assay was used with comparison with
natural antioxidants (α-tocopherol, flavonoids and flavones, carotenoids and L-ascorbic acid) [43], or synthetic
as 3,5-di-tertiarybutyl-4-hydroxytoluene (BHT); 3-tertiarybutyl-4-hydroxyanisole (BHA) or tertiobutylhydrox-
yquinone (TBHQ), anti-free-radical efficiency was expressed in TEAC where Trolox is a substance identical to
the vitamin E (α-tocopherol). The higher the TEAC value, the greater the antioxidant activity is powerful [44].

The results in Table 2 indicate that at a concentration of 0.1 mg/mL, the percentage inhibition of the radical
ABTS by the methanol extracts of Citrus leaves varies from 149.83 to 378.63 µM TE/g. Instead, for aqueous
extracts, they vary from 491.63 to 1,174.43 µM TE/g with significant differences (p<0.05) from one species to
another and from an extract to another. However, the efficiency of free radical of aqueous extracts is slightly
better regardless of the species. The aqueous extracts of C. clementina and C. limon record the highest anti-radical
ABTS activities with concentrations of 1,174.43 and 874 µM TE/g, respectively while the methanolic extract of
C. grandis has the lowest activity (167.59 µM TE/g). The scavenger ABTS radical activity of Citrus extracts is
lower than those obtained for the standard antioxidants such as caffeic acid, gallic acid, quercetin, rutin, BHA,
BHT and TBHQ. Indeed, it has been reported that they have TEAC values between 2.56 and 22.3 mM Trolox/g
[45].

FRAP (ferric reducing/antioxidant power) assay

In addition to the methods previously described, the antioxidant activity was evaluated by the FRAP assay
based on the ability of extracts to reduce ferric ions (Fe3+) to ferrous ions (Fe2 +). The reduction of ferric ions
is accompanied by a color change from yellow to green. The intensity of the color depends on the reduction
potential of the compounds present in the reaction medium [46]. For the same concentration of aqueous and
methanol extracts (0.2 mg/mL), the FRAP activity of the Citrus extracts evaluated by the change in absorbance
at 700 nm is significantly smaller than the standards.

According to the obtained results (Table 2), the reducing capacities of aqueous extracts of Citrus were clas-
sified in decreasing order as follows: C. clementina C. aurantifolia C. hamlin C. limon C. grandis C. navel C.
aurantium. While the reducing capacities of methanolic extracts of Citrus were classified in decreasing order as
followings: C. clementina C. aurantium C. aurantifolia C. navel C. limon C. grandis C. hamlin. With a significant
difference (p<0.05) from one species to another and from one extract to another. Our results are in agreement
with previous study of Lagha-Benamrouche and Madani [47] indicate that the methanolic extracts of the C.
aurantium leaves were provided with a higher reducing power than that of the leaves of some varieties of sweet
orange (Thomson navel, Washington, Portuguese, … ). These results also confirm what has been advanced by
other studies stating that the reduction potential is due to the nature of antioxidants present in each extract
[39].

Bereitgestellt von | De Gruyter / TCS
Angemeldet

Heruntergeladen am | 15.02.17 17:22



Khettal et al. DE GRUYTER

Relationship between the total antioxidant capacity and the total phenolic and fllavonoid content

In order to evaluate if the antioxidant activity by the DPPH test of our various Citrus extracts depends on their
levels of phenolic compounds, a relationship was assessed, by linear regression first, between power scavenging
DPPH (expressed as IC50) and the amount of total phenolic (expressed as mg gallic acid EQ/g DM) and second
between power scavenging DPPH (expressed by IC50) and flavonoid rate (expressed in mg quercetin EQ/g DM)
(Table 3). The obtained results showed that the Citrus present a high correlation between their efficiencies to trap
the DPPH radical and the rate of total phenolic and flavonoid content of their methanolic (r=0.872 and r=0.936
respectively) and aqueous (r=0.820 and r=0.914, respectively) extracts (Table 3). However, this correlation is
slightly higher when the extraction is carried out with methanol. Our results are in accordance with those
found by Floegel et al. [48].

Table 3: Correlation matrix between antioxidant and antioxidant activities.

Extracts TPC FLA DPPH ABTS PR

Aqueous extract
TPC 1
FLA 0.956 1
DPPH 0.892 0.914 1
ABTS 0.811 0.795 0.796 1
RP 0.863 0.846 0.714 0.625 1
Methanolic
extract
TPC 1
FLA 0.939 1
DPPH 0.871 0.952 1
ABTS 0.921 0.847 0.796 1
RP 0.834 0.761 0.606 0.93 1

TPC, total phenolic compounds; FLA, fllavonoids; RP, reducing power; ABTS, antiradical activity with ABTS; DPPH, antioxidant activity with DPPH.

The correlation analysis has allowed to deduce that the polyphenols in the extracts of Citrus leaves are respon-
sible for up to 87 % of the anti-radical ability of DPPH regardless of the used extraction solvent. Conversely,
by comparing the coefficients of obtained correlation, we deduce that the flavonoids are responsible for the
majority of the DPPH radical scavenging effect than other phenolic compounds which may be present in the
case of our extracts such as phenolic acids or even tannins. So, it appears that the antioxidant capacity of Citrus
species is related to the concentration of polyphenols and more particularly to those of flavonoids.

The relationship between the total polyphenol content and flavonoids and the ABTS radical activity is il-
lustrated in Table 3. The correlation coefficients for the polyphenols (r=0.921 for the methanolic extracts and
r=0.811 for aqueous extracts) or flavonoids (r=0.888 for the methanolic extracts and r=0.795 for the aqueous
extracts) showed that the degree of dependence between the phenolic compounds and the antioxidant power
of the Citrus extracts is very high for both the aqueous extract and the methanolic extracts, so it appears clearly
that these are the flavonoids that play a leading role in antioxidant activity.

Various investigations showing the involvement of phenolic compounds in particular flavonoids in the rad-
ical scavenger activity have been reported. Floegel et al. [48] indicated the existence of a positive correlation
between the activity of scavenging ABTS radical cation and phenolic content (r=0.946), 72 % of the scavenging
activity is performed by flavonoids.

Although polyphenols are compounds which carry a majority of the antioxidant activity, it is important to
note that antioxidant activity carried out can be attributed or influenced by non-phenolic compounds such as
lipids, sugars and chlorophyll. The study conducted by Heim et al. [49] showed that the hydroxyl groups of the
phenolic and flavonoid compounds play an important role in the antioxidant power. While the works of Naczk
and Shahidi [42] showed that the flavonoid aglycones are more active than glycosylated forms. On the other
hand, Zhang and Wang [50] reported that the antioxidant activity of the phenolic compounds is mainly due to
the number of hydroxyl groups and their positions on the aromatic ring.

A positive correlation between the reducing power (expressed in equivalent mg BHA per grams of dry
matter) and the amount of phenolic compounds was obtained (Table 3). Based on this analysis, the reducing
power of the aqueous or organic extracts is due to ≈83 % of polyphenols, mainly flavonoids (r=0.82).

Hayes et al. [51] observed the same trends of correlation between anti-radical power and reducing power.
According to Singh and Rajini [52], the correlation is due to the existence of bioactive molecules with a strong
reducing and anti-radical properties. Similar results have been reported by several authors showing the exis-
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tence of a good correlation between the total polyphenols and antioxidant activities of the plant extracts [48,
53] in particular Citrus species extracts [29, 54].

Anti-browning enzyme activity

POD activity

In order to analyze the effects of anti-POD of our Citrus extracts, we evaluated the efficacy of both aqueous
and methanolic extracts on the POD activity of different sources of leafy vegetables. We observed that the
rate of POD activity differs depending on the enzyme source used. So, it appeared that the enzyme extract
of cabbage and in particular red cabbage presents the highest rate of POD. These results are similar to those
reported by Alikhani et al. [55] and Ponce et al. [25]. The difference in catalytic efficiency of these enzymes
of different plants is assigned in general to their affinity for the substrate, in the presence of multiple enzyme
forms in the same plant and/or to parameter variations of the reaction medium. According to the results shown
in Table 4, the methanolic extracts of different Citrus species inhibit POD activity. The inhibition rate varies
depending on species of Citrus and according to the enzyme source. Thus, whatever the enzyme source for the
same concentration (1 mg/mL), the extracts of C. limon, C. clementina, C. aurantium, C. Hamlin and C. aurantifolia
showed inhibition rates of 19, 44 to 60.80 %. However, the inhibitory activities of POD by leaf extracts of Citrus
remain far lower than those obtained with standard polyphenols (gallic acid and quercetin). Regarding the
methanolic extracts of C. navel and C. grandis, they have no effect on the POD activity of spinach leaf. The best
inhibition rate (60.80 %) was recorded for methanolic extract of C. aurantifolia on lettuce activity.

Table 4: Effect of Citrus leave antioxidant extracts on the relative activity of peroxidase expressed as percentage of reduc-
ing activity antienzymatic browning activity.

Red cabbage (15
µL/mL)

Green cabbage
(65 µL/mL)

Cardon (150
µL/mL)

Lettuce (300
µL/mL)

Spinach (300
µL/mL)

Aqueous extract
C. clementina 53.45 26.00 38.61 18.74 31.85
C. limon 26.43 25.83 28.65 00 29.29
C. navel 08.00 05.06 25.47 00 20.02
C. hamlin 12.14 06.04 16.74 00 06.89
C. aurantifolia 15.94 11.54 25.60 00 00.29
C. aurantium 04.57 04.72 31.05 00 12.01
C. grandis 19.86 02.65 27.57 00 22.17
Methanolic
extract
C. clementina 31.06 27.60 23.96 54.06 22.00
C. limon 50.50 50.63 23.40 53.53 36.63
C. navel 29.56 03.78 17.18 29.93 02.28
C. hamlin 32.02 13.72 04.42 33.79 17.21
C. aurantifolia 24.98 21.13 19.76 60.80 19.49
C. aurantium 20.50 28.85 27.09 47.61 19.44
C. grandis 14.32 10.10 18.52 17.04 00.82
Standards
Gallic acid 79.64 84.93 79.93 77.22 87.92
Quercetin 88.49 92.31 91.79 88.99 93.05

Values are mean±standard deviation (n=3).

The inhibitory efficiency of the POD was evaluated by determining the IC50 “Concentration of inhibitor re-
quired to reduce 50 % of the enzyme activity.” According to our results (Table 4), it appears that the leave
methanolic extracts of the species C. limon and C. clementina showed the best efficiency to inhibit POD activity,
with IC50 of 110.28–179.36 µg/mL and 141.67–155.10 µg/mL respectively. The anti-POD efficiency of extracts
of these two species of Citrus remains lower compared to that of quercetin and gallic acid, which have an IC50
of 3.87–10.88 µg/mL respectively.

On the other hand, we observed that the aqueous extracts of different Citrus leaves exhibited inhibitory ac-
tivities of POD extracted from all leafy vegetables (Table 4). For a concentration of 100 µg/mL, the observed
inhibition rates vary depending on the Citrus species tested and the enzyme source. Except the POD extract
of lettuce where only the aqueous extract of C. clementina has an inhibiting enzyme activity (18.75 %), POD s
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activities of other leafy vegetables were inhibited by almost all of the Citrus extract tested with variable rates.
Thus, the POD activity was inhibited by cardon aqueous extracts of six species of Citrus with inhibition rates
ranging from 16.75 % (C. hamlin) to 38.61 % (C. clementina). The best inhibition rate (53.45 %) was obtained with
the extract of C. clementina on POD of red cabbage, while lower rates were obtained by extracts of C. grandis
(2.65 %) and C. aurantifolia (0.29 %) on PODs of green cabbage and spinach, respectively. However, these inhi-
bition rates are much lower than those obtained by the phenolic antioxidants, quercetin and gallic acid which
are greater than 77 %.

Inhibitory effects of the plant POD were observed for extracts of plants but essentially for their essential oils.
Therefore, Ponce et al. [25] showed that the essential oils of C. limon inhibit POD activity of cabbage, cardon,
spinach and lettuce. The studies conducted by Mousavizadeh et al. [56], Alikhani et al. [55], and Ponce et al.
[25] indicated a difference on the inhibition efficiency of the cabbage POD activity of the extracts of different
kinds of Citrus plants. The inhibition efficiency of the methanolic extracts is better than the aqueous extracts.
Indeed, the concentrations required to inhibit 50 % of the POD activity with the aqueous extracts were almost
two times higher than those used by the methanolic extracts. The different inhibitory potential of our extracts
can be attributed to the presence and the variability in bioactive substances in terms of nature and quantity.
On the other hand, whatever the Citrus extract type, the inhibition efficiency also depends on the source of the
used enzyme extract. This variability of action can be explained by the existence of several forms of enzymes
(isoenzymes) in the same plant and in the same tissue, and by difference of their physico-chemical and cat-
alytic properties. The pH and temperature of the reaction media may also influence the specificity of POD in
a significant manner [57, 58]. The methanolic and aqueous extracts of C. clementina which are competitive in-
hibitors of the POD probably contain phenolic compounds which are structural analogues of the POD substrate
(guaiacol). These compounds bind reversibly to the active site of the enzyme and thus block the access of the
substrate to the enzyme site. For the aqueous extract of C. limon, it has an incompetitive inhibitory activity in
both red and green cabbage POD. The active compounds of the aqueous extract which are responsible have no
structural analogy with the substrate and bind to the enzyme previously complexed with the substrate.

PPO activity

PPO activity of both aqueous and methanolic extracts of Citrus leaves was tested for five leafy vegetables
enzymes (red cabbage, green cabbage, cardon, lettuce and spinach). The results obtained indicate that the
methanolic extracts do not show any inhibitory effect of PPO activity even at high concentration (1 mg/mL)
regardless of the source of the enzyme. However, a decrease in the activity of these enzymes was observed in
the presence of aqueous extracts, it varies depending on the enzyme source and the species of Citrus (Table
5). For a concentration of 500 µg/mL of Citrus extracts, the most important inhibition rates were widely lower
than those of ascorbic acid (73–86.86 %). From the obtained results, the aqueous extracts of six species of Citrus
inhibited PPO of lettuce with rates of 11.9 % (C. clementina) to 22.53 % (C. aurantium). Whereas for cardon and
green cabbage, the extracts of Citrus have little or no inhibitory activity (00–10.29 %). For PPO of red cabbage
and spinach, the inhibition rate for almost all extracts of Citrus varies from 10 % to 20 % with the highest level
of PPO red cabbage inhibition by C. grandis extract (30.64 %).

Table 5: Effect of Citrus leave antioxidant extracts on the relative activity of polyphenol oxidase expressed as percentage
of reducing activity.

Aqueous extract Red cabbage (15
µL/mL)

Green cabbage
(65 µL/mL)

Cardon (150
µL/mL)

Lettuce (300
µL/mL)

Spinach (300
µL/mL)

C. clementina 01.62 10.29 00 11.90 13.67
C. limon 21.73 01.06 04.30 12.66 21.67
C. navel 17.91 03.67 01.83 19.31 14.58
C. hamlin 11.54 01.50 00 19.66 02.26
C. aurantifolia 08.36 09.81 04.15 15.46 21.49
C. aurantium 23.00 05.43 00 22.53 04.94
C. grandis 30.64 08.05 02.22 14.08 00.19
Ascorbic acid 80.27 86.86 85.26 73.30 77.23

Previous studies have demonstrated that the natural antioxidants act as inhibitors of PPO fruits and veg-
etables. However, the results obtained for Citrus extracts are in disagreement with many works which report
that other plant extracts have a better inhibitory efficiency of the PPO. Kim et al. [11] showed that the onion
extracts decrease the rate of the pear browning with an efficiency of up to 54.1 % by inhibiting PPO activity.
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These results were confirmed by Lee et al. [26], who showed that taro PPO was inhibited by onion extracts with
rates of 54.8 % to 68.5 %. Other studies have also reported similar effects when using natural extracts of plants
on the PPO activity [59, 60]. The difference in inhibition rate from an extract to another and an enzyme source to
another can be explained by the presence of multiple enzyme forms (isoenzymes) in the enzyme extract which
present different structural and physicochemical properties, and/or by the nature of the active molecules of
vegetable inhibitor extracts [61].

Conclusions

The results have shown that regardless of the studied Citrus species, the aqueous extract is rich in phenolic
antioxidants, mainly flavonoids more than methanolic extracts. A very good linear correlation was observed
between the antioxidant activities assessed by the DPPH test, ABTS, FRAP and phenolic content of the aqueous
extracts of the analyzed Citrus leaves. Furthermore, it has been shown that the majority of the Citrus extracts
presented an inhibitory effect of PODs extracted from different leafy vegetables. However, only the aqueous
extracts of Citrus presented an anti-PPO effect which varies according to the plant source and the enzymatic
species of the studied Citrus.
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