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	 Citrus peels are known as rich source of bioactive compounds. Therefore, the 
establishment of an appropriate and innovative extraction method is a major interest to the 
food processing industry. The aim of this work is to assess the total phenolic content (TPC) 
and antioxidant activity (AA) of peels extracts prepared from five Moroccan clementine 
varieties. Extracts were prepared with microwave-assisted extraction (MAE) technique using 
acetone and methanol solvents. The evaluation of the antioxidant activity was performed by 
DPPH and ABTS- free radical scavenging. The extraction conditions had significant effects on 
total phenolic content (TPC) and antioxidant activity (AA). In fact, the highest TPC amount of 
clementine varieties (730.850±0.004mg GAE/100g DM) was obtained with acetone solvent for 
the Sidi Aissa variety. Regarding antioxidant activity, results with DPPH method showed an 
important antiradical and antioxidant activities for Sidi Aissa variety with methanol solvent 
(46.30± 1.01%) . However, ABTS method showed a good antioxidant activity for Ain Taoujdat 
with methanol solvent (3.02 mg/100g DM). This work provided to study the biochemical quality 
of Moroccan clementine extracts obtained by two microwave-assisted extraction processes in 
order to investigate further industrial potential uses in agro-food and pharmaceutical industries

Keywords: Antioxidant Activity; Clementine; Extraction; Microwave; Polyphenols; peel.

	 The citrus sector plays an important socio-
economic role in most producing countries around 
the world.  According to the results of the general 
citrus count conducted by the ministry of agriculture 
in 2019, Morocco produced about 2.62 million tons 
of citrus of which 715.000 tons were intended for 
export, representing a value of more than 4 billion 

dirhams. The varietal profile of the national citrus 
orchard is composed of a diverse range of varieties, 
but remains dominated by 3 groups of varieties, 
namely, the group of clementines with 35%, the 
Morocco late with 21% and Navels with 18% 1 
Since 2019 Morocco has experienced a crucial and 
unexpected rise in the production of clementine 
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with an increase of 200%, with also the problem 
of the sanitary crisis (coronavirus covid-19) and 
the precautionary measures that have prevented 
trade operations between countries which has 
caused an overproduction of territories products 
and especially clementine.
	 Citrus fruit processing in the food 
industries consist mainly on juices, citrus-based 
beverages and jams production, which generate 
significant by product waste2.This later has 
traditionally been valued as molasses for animal 
feed 3, 4, fiber production (pectin), and fuel 
production5, 6, 7. Recently, several studies have 
reported that citrus peels are considered as a rich 
source of bioactive compounds. Moreover this by 
product is known for their important antioxidant 
capabilities, which have potentially beneficial 
effect for human health. Citrus peels contain high 
concentration of phenolic compounds, vitamin C, 
fiber, and carotenoids 8, 9, 10, 11.
	 Several researchers were interested in the 
extracting process of phenolic compounds, in order 
to be used as natural antioxidant12. These potential 
applications of citrus peels bioactive metabolites in 
functional food, pharmaceuticals, and cosmetics, 
as well as other areas like chemistry and material 
design. However, these applications are only viable 
if the molecules are isolated while maintaining their 
activity.
	 Microwave assisted extraction (MAE) is 
the process by which microwave energy is used to 
heat solvents in contact with solid samples and to 
partition compounds of interest from the sample 
into the solvent. Recently, (MAE) has received 
a great attention as a potential alternative to 
conventional extraction methods, mainly due to 
considerable savings in processing time, solvent 
consumption and energy13. In fact, published 
research reported on pomegranate, mandarin 
and potatoes peels has showed the interest of 
polyphenols content associated to the antioxidant 
activity due to the decomposition of bioactive 
compounds14, 15, 16.
	 Therefore, the extraction processes used 
must be performed under soft conditions to prevent 
bioactive compounds losses and to minimize the 
extraction costs (energy, quantity of solvent...). A 
considerable number of papers were published on 
microwave assisted extraction as an innovative 

technique of phenolic extraction on several fruit 
peels17, 18,19,20,21.
	 However, to our knowledge no previews 
work has been reported on the phenolic compounds 
extraction from Moroccan clementine peels using 
microwave assisted extraction. Therefore, the aim 
of this study is to evaluate the phenolic content and 
antioxidant potential of five varieties of clementine 
extracts obtained by microwave assisted extraction 
using two type of organic solvent. 

Materiel and methods

Plant material
	 The plant material employed in our study 
is the peels of five varieties of clementine (Citrus 
clementina), namely Nour, Ain Taoujdat, Nova, 
Orogrande, and Sidi Aissa. They were harvested 
in the Beni Mellal-Khénifra region of Morocco 
during the month of January 2021.
	 The peel samples were washed, peeled 
and dried for 8 days in a temperature-controlled 
greenhouse (45°C). They were ground with an 
electric grinder to obtain a fine, homogeneous 
powder with a particle size of less than 120ìm. The 
powder was stored in vacuum bags hermetically 
sealed and protected from the light in a freezer at 
-18°C.
Extraction method
	 The analysis of phenolic compounds and 
antioxidant activity of clementine peels is based on 
conventional solvent extraction (CSE) intensified 
by using microwave.
	 Five grams of clementine peel powder 
are introduced into the extraction chamber with 50 
mL of solvent (methanol/water 80% and acetone/
water 50%). The microwave assisted extraction is 
performed at a temperature of 35°C, a time of 180s 
and a power of 180W using (Samsung microwave 
MG23K3515AK) .The mixture was then filtered 
through a sieve and centrifuged (Sigma 2-16 
Germany) twice at a speed of 4000 ×g for 15 min. 
The supernatant was stored at 4°C22.
Total polyphenols content (TPC)
	 The total polyphenol content was 
performed by spectrophotometry using the Folin-
Ciocalteu reagent which is described by (Singleton 
and al, 1988)23. Three hundred microliters of 
each extract was added, at 1.5 mL of the Folin-
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Ciocalteu (1/10) mixture. After 5 min of incubation 
in darkness, 1.2 mL of 7.5% sodium carbonate 
(Na2CO3) solution was added to the previous 
mixture. The tubes were shaken using (Velp 
scientifica shaker) and incubated for 90 min in 
darkness at room temperature. The total polyphenol 
content was reported as milligram equivalents of 
Gallic acid per gram of dry matter.
Evaluation of antioxidant activity (AA)
ABTS test
	 The ABTS test was used to assess 
antioxidant activity following (Re and al, 1999)24. 
A solution of ABTS (3.5 mmol/L) was mixed with 
1.42 mmol/L of potassium persulfate (K2S 2O 8). 
After the addition of 2.2 mL of the standard solution 
(ABTS•+) to 800 ìL of clementine peel extract, the 
absorbance was measured after 1min of incubation 
(A0) and after 30min (At) at room temperature, 
the absorbance reading was taken at 734 nm . The 
inhibition percentage was calculated, between A0 as: 
 
Inhibition percentage (%) = (A0-At) /A0 

DPPH test
	 This method is based on the measurement 
of the capacity of antioxidants to trap the DPPH 
radical. The effect of each extract on DPPH is 
measured according to (Seung and al, 2004)25. One 
hundred microliter of different concentrations of 
each extract is added to 2 mL of freshly prepared 
methanolic solution of DPPH (0.2 mg/mL) 
incubated in darkness. Absorbance reading is 
performed at 517 nm.
Statistical analysis
	 Statistical evaluation of the data was done 
with the IMB SPSS Statistics V21 software. All 
assays were performed in triplicate and results are 
expressed as (average ± SD). These different tests 
were completed by a statistical study of variance   

(ANOVA) according to (X2 Test) with the statistical 
significance level was set at P < 0.05.

Results and discussion

Total polyphenol content
	 The phenolic content in the different 
clementine extract peels are shown in Figure 1.
	 According to Figure 1, it was note that 
the acetone extracts present the highest values 
amount to the five varieties (Sidi Aissa, Nova, 
Ain Taoujdat, Orogrande, Nour) respectively: 
730.850±0.003 mg GAE/100g DM; 417.120 
±0.004mg GAE/100g DM; 680.720±0.003mg 
GAE/100g DM; 560.220±0.004mg GAE/100g DM 
and 540.400±0.002 mg GAE/100g DM. However, 
at an average of 350.100±0.001mg GAE/100g DM 
for Sidi Aissa variety, the methanol extracts contain 
very low polyphenolic concentrations
	 The  (MAE)  ex t rac t ion  o f  to ta l 
polyphenols in dry pomegranate peel shows 
that (MAE) was a more efficient extraction 
method, which yielded 199.4 mg GAE/g, after 
4 min of extraction comparatively to ultrasound 
assisted extraction26. During microwave-assisted 
extraction of pomegranate peel phenolics, the 
absorption of microwave energy in the extraction 
system promoted the thermal accumulation of the 
extraction solution resulting in the dissolution of 
phenolics into the solution until 4 min27.
	 These results are in agreement with those 
of many authors who revealed that mixed solvents 
are very effective in extracting polyphenols. 
According to (Mohammedi and Atiki, 2011)28 the 
use of mixed solvents results in high enrichment of 
extracts with polyphenols. The superiority of mixed 
solvents would be due to the higher solubility of 
phenolic compounds in extracts obtained by mixed 
solvents compared to those by pure solvents29.

Table 1. Geographical coordinates of clementine varieties

Geographical coordinates
Varieties	 Origins	 Latitude	 Longitude

Nour	 Afourar experimental field	 32.26224469350921	 -6.526784325199115
Ain Taoujdat	 Organic agricultural field (Sidi Jaber)	 32.38289655415102	 -6.363658822498275
Nova	 Organic agricultural field (Sidi Jaber)	 32.38286484284495	 -6.362014628372146
Orogrande	 Organic agricultural field (Sidi Jaber)	 32.38215360062728	 -6.361877835712386
Sidi Aissa	 Afourar Experimental Field	 32.26159374278428	 -6.5267561620044585
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Table 2. IC50 of clementine peels extracts using microwave assisted extraction 
(methanol 80%, acetone 50%, m/v: 5g: 50ml, 180 s, and180 W)

Varieties Solvent   	 Sidi Aissa	 Nova	 Ain Taoujdat	 Orogrande	 Nour

Acetone 	 0.600±0.001	 0.800±0.002	 1.200±0.001	 1.400±0.002	 1.010±0.002
(mg/100g DM)
Methanol 	 1.800±0.003	 1.600±0.002	 3.020±0.002	 2.800±0.001	 1.800±0.002
(mg/100g DM)

Fig. 1. Total phenol content as function of microwave assisted extraction method (methanol 80%, acetone 50%, 
m/v: 5g: 50ml, 180 s, 35°C and 180W). The level significance is P <0.05

	 Microwave-assisted extraction is a 
technique that uses microwave energy to enhance 
the extraction process. This treatment causes 
a temperature rise and internal pressure in the 
plant cell walls, which accelerates cell rupture22, 

30. Heating causes weak hydrogen bonds to be 
disrupted during microwave treatment, which is 
assisted by the dipolar rotation of molecules. Inside 
the biomaterial, a significant amount of pressure 
builds up, affecting the physical properties of 
biological cells and improving the porosity of the 
biological matrix. This increases the extraction of 
total polyphenols by allowing the extraction solvent 
to penetrate deeper into the matrix31.
Antioxidant activity
ABTS Test
	 The antioxidant potential was determined 
by the ABTS test which is expressed as IC50% 
(Concentration inhibiting 50% of the radicals), as 
shown in Table 2.
	 According to results presented in Table 2, 
all the extracts have an antiradical power towards 

ABTS. In fact, with acetone solvent, IC50 values 
of Sidi Aissa, Nova, Ain Taoujdat, Orograndé and 
Nour varieties were 0.600±0.001mg/100g DM, 
0.800±0.002mg/100g DM, 1.200±0.001mg/100g 
DM, 1.400±0.002 mg/100g DM and 1.010±0.002 
mg/100g DM, respectively. 
	 Regarding extraction with methanol 
solvent, the IC50 values of Sidi Aissa, Nova, Ain 
Taoujdat, Orograndé and Nour varieties were 
1.800±0.003mg/100g DM, 1.600±0.002 mg/100g 
DM, 3.020±0.002 mg/100g DM, 2.800±0.001 
mg/100g DM and 1.800±0.002 mg/100g DM, 
respectively. By analyzing the results values, we 
can note that IC50 extracts values obtained with 
methanol solvent were significantly higher than 
those of acetone solvent (P< 0.03). 
	 The abilities of natural extracts to 
scavenge free radicals, depends on a number of 
parameters; the dose, structure, substituents and 
degree of polymerization of the molecule32.
	 In comparison to non-microwave treated 
items, high molecular weight bioactive compounds 
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Fig. 2. Inhibition percentage % of extracts with microwave assisted extraction 
(methanol 80%, acetone 50%, m/v: 5g: 50ml, 180 s, and180 W)

decompose into numerous small, low molecular 
weight molecules, enhancing phenolic content 
and antioxidant activity. The presence of Maillard 
reaction by-products accounts for the strong 
antioxidant activity of the extracts produced by 
EAM33, 34.
DPPH test
	 The results illustrated in Figure 2 showed 
the variability of the extracts for the DPPH test.
	 We notice in Figure 2 a variability 
between varieties and the two solvents acetone and 
methanol which values of inhibition percentage  are 
22.56%, 24.24%, 17.69%, 21.92% and 17.94% for 
the acetone extracts, and 46.3%, 18.89%, 26.91%, 
21.39% and 30.7% for the methanol extracts of 
(Sidi Aissa, Nova, Ain Taoujdat, Orograndé and 
Nour), respectively. Meanwhile, we find that the 
high value is recorded in the extract Sidi Aissa 
(46. 3%) and the lowest value in the variety Ain 
Taoujdat (17.69%) with level of signification 
(Pd”0.05) .This variability of these properties 
is due to the notable quantity of polyphenols in 
our extracts which plays a prominent role in the 
antioxidant inhibition35.
	 In similar study, hayat et al. (2009)36 have 
reported a less antioxidant activity with DPPH 
method (26.03%) in citrus mandarin peel extracts 
obtained by microwave assisted extraction using 
methanol solvent. in the same study, authors 
reported that the extract obtained with (MAE) had 
higher antioxidant activity (26.03%) than those of 

Ultrasound assisted extraction (USE) (25.37%). 
The lower activity of (USE) extract could be 
resulted from extended extraction time, hence 
exposure to unfavorable conditions such as light 
and oxygen37. 
	 The response between the antioxidant 
and DPPH in the free radical scavenging process 
is influenced by the structural conformation of the 
antioxidant. When certain substances react quickly 
with DPPH, the number of DPPH molecules is 
reduced to the amount of hydroxyl groups38.

Conclusion 

	 This study evaluated the potential of 
phenolic extraction using microwave assisted 
technic (MAE) with two organic solvent (Acetone, 
methanol) from Moroccan clementine peels. Total 
phenolic content and antioxidant activity of extracts 
of five varieties were assessed. 
	 Results showed that the acetone solvent 
give the best extraction in polyphenols content 
compared to methanol solvent. Moreover, the 
extraction using acetone solvent present a high rate 
of total polyphenols (730.85±0.004mg GAE/100g 
DM) from Sidi Aissa variety compared to other 
varieties (Nova Ain Taoujdat, Orograndé and 
Nour).
	 The antioxidant capacity was evaluated 
by the determination of their scavenging power of 
the radical ABTS and DPPH, the more the value 
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of IC50 is small the more the extract is considered 
as a powerful antioxidant. Therefore, we find that 
the high value is recorded in the extract Sidi Aissa 
(46. 3%) with methanol solvent and the lowest 
value observed in Ain Taoujdat variety (17.69%) 
using acetone solvent.
	 The obtained results indicate that 
microwave-assisted extraction using acetone 
solvent has shown its efficiency for phenolic 
compounds extraction from clementine peels. 
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