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Phytochemical Study and Evaluation of
Antimicrobial, Antioxidant and Insecticidal
Activity of Essential Oils and Polyphenols of
Bitter Orange (Citrus Aurantium L.)
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Abstract— In this study, we conducted a phytochemical
screening followed by evaluation of the antimicrobial and
antioxidant activity of essential oils and polyphenols of Citrus
aurantium. In parallel, we evaluated the insecticide effect of
polyphenolic extract of Citrus aurantium L. on the larvae of
Galleria mellonela, for this, we evaluated the mortality rate,
TLsg and DLxg.

The phytochemical screening has allowed us to highlight the
presence of secondary metabolites in the leaves and bark of
Citrus, like saponins, mucilage, and flavonoids with significant
amounts.

Observations on the antibacterial activity show that

Staphylococcus aureus is the most sensitive strain, followed
by Escherichia coli, the polar extracts proved devoid of any
antifungal activity against Saccharomyces cerevisiae, and
Aspergillus sp.
Two phytopathogenic bacteria were treated with polyphenols
of Citrus aurantium; Pseudomonas savastanoi and
Pectobacterium spedonicus. The test of antibacterial activity
showed a growth inhibition of these two phyopathogénes
bacteria.

The evaluation of the antioxidant, revealed an important
activity. Concerning the insecticidal effect of the polyphenols
of the bitter orange leaves on the larvae of the wax moth
Galleria mellonela, very significant results are achieved with
100% mortality recorded 24 hours after treatment at the high
dose (30ul / ml).

Keywords— Citrus aurantium L., characterization, essential oil,
polyphenols, activity.

Oulebsir-Mohandkaci  Hakima®! Laboratory of Valorization and
Conservation of Biological Resources, Department of Biology, Faculty of
Sciences, University M'hamed Bougara of Boumerdes, BP35000, Algeria

Ait Kaki Sabrina? Laboratory of Soft Technology, Valorization, Physico-
chemical of Biological Material and Biodiversity. University M’hamed
Bougara of Boumerdes. 35000, Algeria.

Behidj Nassima3 Laboratory of Soft Technology, Valorization, Physico-
chemical of Biological Material and Biodiversity. University M’hamed
Bougara of Boumerdes. 35000, Algeria.

http://dx.doi.org/10.15242/IJACEBS.C0516212

163

. INTRODUCTION

HE essences of plants are much researched because they

possess generally interesting biological properties,

especially their antifungal, antibacterial, antioxidant and
insecticidal activity. The bitter orange (Citrus aurantium L.) is
part of this category of plants used for medicinal purposes.
It is of the family of Rutaceae, probably native of South-East
Asia, used for the food, the flavor and in medicinal purposes
[1]. On the other hand, pests threaten our environment, our
agricultural and forest resources, as well as our health. Since
about sixty years, the protection against these devastating was
essentially assured by pesticides of synthesis, with reserved
results and of heavy environmental and sanitary impacts.
The biological control by the use of extracts of plants, thus
establishes a very promising alternative.

It is from this perspective that joins our research work
which concerns the evaluation of the antimicrobial and
antioxidizing activity of Citrus aurantium on one hand and its
insecticidal effect on greater wax moth Galleria mellonela of
others leaves.

II.MATERIAL AND METHODS

A. Phytochemical Screening

The phytochemical screening is a qualitative test which
allows determining the various present chemical compounds in
the plant by reactions of coloring and haste, such as
polyphenols (tannins, flavonoids, anthocyanins, alkaloids,
saponosides, etc. These tests can be made either on the powder
or on the infused in 20 %. The infused in 20 % of each party of
the plant and peels him is prepared by the addition of 20 g of
vegetable powder for 100 ml of hot distilled water. Later 15mn
of time, the mixture is filtered and the obtained filtrate is fitted
to 100 ml by the distilled water.

B. Method
hydrodistilation

Leaves and bark of Citrus auratium L. were collected in
April 2015 in the region of Annaba (East of Algeria).

Essential oil is extracted by the method of hydro distillation.
For that purpose, a quantity of 40g of barks and leaves fresh of
the plant are introduced into a ball of a liter containing some
distilled water, the set is brought to a boil during several hours

of extraction of essential oil by
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(from 1:30 am till 4 am). Vapors in charge of volatile
substances condense upon their arrival at the level of the
cooler; they fall again in the form of droplets and train with the
water a heterogeneous mixture which we get back in a bulb to
be settled.

To extract HE of the water, we add some ether diethylic. Oil
after their extraction, is preserved in being placed next
temperature 6°C.

The yield in essential oil is defines as being the report enters
essential mass of oil obtained and the vegetable mass of used
material percent.

C. Evaluation of the antimicrobial activity of essential oil

The antibacterial activity of the essential oil of C. aurantium
was estimated by tries based on the method of distribution by
disk. To be able to obtain various concentrations of the
essential oil of C. aurantium, we diluted her in the diéthylique
ether. Three types of successive tries are realized for Bacteria
at the rate of 20 ml in every tube and a single type realized for
mushrooms and yeast.

The antimicrobial activity was estimated by measuring the
diameter of the growth of the zone of inhibition around the
disk, against the trial body. The diameter of the zones of
inhibition was measured in millimeters [2].

D. Evaluation of the antioxidant activity of the essential
oil
Measure of the power of trapping of the radical DPPH:

The capacity of donation of electrons by essential oil is
highlighted by a spectrophotometric method, by following the
disappearance of the purple color of a méthanolique solution
containing the free radical DPPH + (1,1-Diphenyl-2-
picryhydrazyl [3].

We prepare 100ml of a solution of the DPPH in the same
type of solvent as that used to prepare the sample and his
dilutions (methanol). For it we prepare 100ml of a solution;
2,4mg equivalent in 0,0024g of the DPPH in 100ml of solvent.

The in vitro antioxidizing activity was estimated by the
measure of the power of trapping of the radical DPPH (1,1-
Diphenyl-2-picryhydrazyl) according to the method described
by Ponce et al. [2]: 25 pl of each méthanoliques solutions
some essential oil and extracts tested in various concentrations
(100 pg / ml, 200 pg / ml, 400 pg / ml, 600 pg / ml, 800 g /
ml, 1000 pg / ml) are mixed in tubes placed in the basin of the
spectrophotometr with 975 pl of a methanolic solution of
DPPH (0.0024 %).

After an incubation time of 30minutes at an ambiant
temperature and in the darkness, the absorbance was measured
in 517nm.

The experiences are realized in 3 repetitions for every
concentration, and the percentage of antioxidant activity (I %)
is calculated according to the following formula:

1(%) = (A White — A Sample) x100/A White
With:

I (%): Percentage of inhibition
A White: Represent the absorbance of the DPPH

A Sample: Absorbance of the sample tested later 30 min
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E. Evaluation of the insecticidal activity of essential oil

Larvae of last stage of Galleria mellonella are individually
distributed in jars covered with tulle. The food prepared for
these individuals is a mixture constituted by honey and by
pollen made in ball. The tested extracts are mixed with the
food which is given to larvae during 24 hours. After that, the
treated food is replaced by another one untreated

IIl. RESULTS

A. Results of phytochemical Screening

The phytochemical screening allowed us to highlight the
presence of secondary metabolites plant tissues of Citrus
aurantium L. the results of this study are noted in the table 1.

TABLE 1. RESULT OF SCREENING PHYTOCHEMICAL OF POWDER OF LEAVES
AND BARK OF CITRUS AURANTIUM L.

Results
leaves

Compounds search
barks

total tannins +

gallic tannins +++ +++

catechin tannins
Anthocyanes

Saponosides +++ +++

Mucilages +++ +++

flavonoids ++

Glucosides +++ +++

alkaloids

Starch

164

- : Negative Test

+ : Slightly positive test.

++ : Testing

+++ : Strongly positive test .

B. Results of the yield of extraction

The extraction yield of essential oils leaves (02 samples)
was 3.8 %, for against the bark (01 sample) is much higher
with 9.1%. According to bibliographic data, Citrus fruits
contain little HEs. So from the results we find that the bark of
C. aurantium is part of plant that performed well in HE (9.1
%). So the work done by Hosni et al. [6] indicate that on the
bark of orange varieties; Valencia Late, Navel Thomson,
White Maltese and Bigarade; yields HEs extracted by steam
distillation were estimated at 2.31 %, 1.89%, 1.49 % and 2.2
% MF. These results are broadly lower compared to our data
for the variety of Bitter Orange.

However, the contents HEs of our samples are much higher
than those found by Avlessi et al. [7] for leaves of Causena
anisata L. (a medicinal plant of the Rutaceae family) (0.14
MF).
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C. Results of antibacterial activity

Observations of the effect of extracts of Citrus aurantium L.
on four pathogenic and two phytopathogenic strains show that
both strains presente a sensitivity for phynolique C. aurantium
extract.

So, Staphylococcus aureus is the most sensitive strain
among pathogenic strains of C. aurantium with a 15 mm zone
of inhibition , it is followed by E.coli and Klebseila
pneumoniae with an area of 14 mm and 10 mm respectively,
and 10 mm for Salmonella enterica . These results express a
significant sensitivity of bacteria in all samples compared to
the control. Gulay Kirbaslar et al. [9] studied the microbial
activity of oil of several types of Citrus of South of Turkey;
such as lemon (Citrus limon (L.) Burm. F. ), The grapefruit
(Citrus paradisi Macfayden ), Bergamot (Citrus bergamia
Risso and Poit. ) , Bitter orange (Citrus aurantium L.), The '
sweet orange (Citrus sinensis (L.) Osbeck), Mandarin (Citrus
reticulata Blanco); showed strong antimicrobial activity
against Gram (+) and Gram (-). They recorded peel oil Citrus
variable activities against bacteria such as E.coli applied ,
S. aureus and K. pneumoniae have shown a resistance with a
diameter of 12 mm for each bacterium , these results are close
our results.

With respect to S. aureus she displayed sensitivity to this.
These results are confirmed by Javid et al.[10]., and
consistent with the work of De Billerbeck [11] reported that S.
aureus presented a variable sensitivity to the HES some Citrus
species tested , in fact, hes bergamot, lemon and bitter orange
small grain showed zones of inhibition of 30 mm, 12 mm and
20 mm , respectively.

In parallel, Two phytopathogenic bacteria were treated with

polyphenols of Citrus aurantium ; Pseudomonas savastanoi
and Pectobacterium spedonicus. The test of antibacterial
activity showed a growth inhibition of these two
phyopathogénes bacteria.
Indeed, Knobloch et al.[8] noted that these extracts contain
phenolic compounds carvacrol and thymol that interfere with
membrane proteins of the microorganism thus giving a
significant inhibitory activity.

D. Results of antifungal activity

The results for the antifungal activity of HES are tested
according to the target strains. It turned out that no zone of
inhibition around the disks was observed vis-a-vis of
Saccharomyces cerevisiae and Aspergillus sp. The different
results observed may suggest that the extract Citrus aurantium
has no antifungal activity against strains of yeast and fungus
tested.

E. Results of antioxidant activity

DPPH (C18H12N506) is one of the main tests used to
explore the use of plant extracts as antioxidants [12] . The
results show a change in color of the extract of crude ET in
different concentrations using the method of DPPH. The
absorbance versus concentrations (mg / ml) of the methanol
extract is shown in the following figure:
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Fig. 1Courbe representing the absorbance of dilutions of HE the bark
of Bigarade

The results of percentage inhibition of the free radical DPPH
by the methanol extract is shown in Fig. 2
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Fig. 2 Courbe percentage inhibition of free radical DPPH of HE the
bark of Bigarade

Results showed in the previous figure shows that after 30
min of incubation, the anti -radical activity of the crude
methanol extract of Citrus aurantium L, 65.86 % is very
important for the concentration of 1000pg / ml. In addition, we
note that the anti- radical power augment with increasing
concentration.

Frassinettis et al. [13] report that the UAS orange peel,
lemons and tangerines have radical scavenging activity ranging
from 20 to 70% .The values of EC ( Effective Concentration )
are calculated in order to determine the concentrations that
reduce 50% essential oil free radicals of Citrus aurantium L
and standard antioxidant ( Vit C). According to this latter, we
find that the inhibition values of the HE solution of Citrus
aurantium L and vitamin C increase with increasing
concentrations of these. These EC50 values are determined
graphically where the X axis represents the concentration of
the extract and the antioxidant activity ordered by percentage.
The antioxidant capacity of a compound is even higher than its
EC50 is small [14].
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Fig. 3 EC50 calculation for the essential oil of Bitter Orange

For our HE Citrus aurantium L, we have the following
equation:

Y =0.043X +21.31

Therefore, EC50 = 667 209 g / ml

The essential oil of Bitter Orange could bring the stable free
radical

2.2 diphenyl -1- picrylhydrazyl ( DPPH ) and diphenyl
picrylhydrazine - yellow - colored with a EC50 667 209 mcg /
ml.

F. Results of insecticidal activity

It has been found after treatment with polyphenols that a
high dose of our plant extract (30ul / ml) showed a valuable
efficacy against Galleria mellonela larvae resulting in a
mortality rate of 100% from the first day of treatment. By
against the larvae of G. mellonela showed strong resistance for
the low dose (10ul / ml).

In parallel, an LT50 of 2.34 days was obtained after treatment
with intermediate dose of 20ul / ml.

For LD50, a value of 20.58 pl/ml was obtained for the first
day with 20.08 pl/ml recorded the second day.

It is said that an insect is sensitive to a given insecticide
whether it suffices to cause his death, administering to the
insect a low dose of insecticide [15].

The two extracts of Citrus maxima (essential oil, polyphenols)
tested by contact or inhalation showed a toxic effect on the
population of Aphis fabae [16].

The results of the insecticidal activity of essential oils on
Myzus persicae revealed that the essential oils of Eucalyptus
globulus and Thymus vulgaris exhibit toxic and repellent
effects on Myzus persicae [17]. According to Khalfi-Habes
and Sellami [18], the insecticidal activity of plants is probably
attributed to the semiochemical substances contained in the
vegetal.

Finally, certain studies show that many essential oils-based
biopesticides are as effective as synthetic products. Likewise,
the plants’ natural extracts can be aids of choice in the
programs aiming to manage the devastators’ resistances to
pesticides [19].
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1V. CONCLUSION

Our study of the plant extract is based on the extraction of

essential oils and polyphenols from the leaves and barks of
bitter orange (Citrus aurantium ) for use in the treatment
against certain pathogenic microorganisms and plant
pathogens and also against larvae of Galleria mellonela .
It turns out from this study that extracts of bitter orange have a
very interesting alternative in the pharmaceutical and plant
protection area because encouraging results have been
obtained. It would be very beneficial to continue this study to
deepen research on the mode of action of these biological
molecules.

REFERENCES

A.G., Ponce, R. Fritz, C. Del Valle and S.I. Poura, “Antimicrobial
activity of essential oils on the native microflora of organic swiss
chard”. Lebensmitell-Wissanschaft und technologic. 2003. VV36. PP679-
684

M. Burits and F. Bucar,  “Antioxidant activity of Nigella sativa
essential oil”. Phytotheraphy Research. 2000. VV14. PP 323-328.

M.A. Torres, J.D. Jones and J.L. Dangl. “Antioxidant activity of
coumarins and flavonols from the resinous exudates of Haplopappus
multifolius;” Phytochemistry 67; Ed: Elsevier; 2006. p: 984-987.
http://dx.doi.org/10.1016/j.phytochem.2006.03.016

L. Mansouri, B. Satrani, M. Ghanmi, L. El Ghadraoui, A. Guedira, A.
Aafi, “Composition chimique, activité antimicrobienne et antioxydante
de I’huile essentielle de Juniperus communis du Maroc.” 2011, V 80,
PP 791-805.

K. Hosni, N. Zahed, R. Cherif, I. Abid, W. Medfei, M. Kallel, N. Ben-
Brahim, H. Sebei, “Composition of peel essential oils from four selected
Tunisian Citrus species : Evidence for the genotypic influence.” Food
Chemistry. 2010, V123, PP1098-1104.
http://dx.doi.org/10.1016/j.foodchem.2010.05.068

F.AvLESSl, J.DANGou, V. D.Wotto, G. A. ALITONOU,
D.K. SOHOUNHLOUE, C. MENUT, “PROPRIETES ANTIOXYDANTES DE
L'HUILE ESSENTIELLE DES FEUILLES DE CLAUSENA ANISATA” C. R.
CHIMIE 7, 2004,VoL 7, N° 10-11, Pp. 1057-1061.

K. Knobloch, A. Pauli, N. lberl, N. Weigand and H.M. Weis,
“Antibacterial and antifungal properties of essential oil components”
Journal of Essential Oil Research, (1989)1, 119-128.
http://dx.doi.org/10.1080/10412905.1989.9697767

F. Gulay Kirbaslar, A. Tavman, B. Dulger and G. Turker, Antimicrobial
activity of Turkish Citrus Peel oils. Pak. J. Bot., (2009) 41(6) : 3207-
3212.

H. Javid, K.S. Zabta, R. Najeeb, Ahmed Al-Harrasi, and A. Liagat,
“Preliminary comparative analysis of four botanicals used in the
traditional medicines of Pakistan” Pakistan Journal of Botany (2012).
DE BILLERBECK, “HUILES ESSENTIELLES ET BACTERIES RESISTANTES
AUX ANTIBIOTIQUES” PHYTOTHERAPIE, (2007). VOLUME 5, ISSUE 5, PP
249-253

B.H. Markowics, L.A. Saldanha, R.R. Catharino, A.C. Sawaya, I.B.S.
Cunha, P.O. Carvalho, and M.N. Eberlin, “Phenolic antioxidants
identified by ESI-MS from Yerba Mate (llex paraguariensis) and Green
Tea (Camelia sinensis) extracts”. Molecules, (2007), 12 : 423-432.
http://dx.doi.org/10.3390/12030423

A. Frassinettis et al. “Genotoxicity of 4-nonylphenol and nonylphenol
ethoxylate mixtures by the use of Saccharomyces cerevisiae D7
mutation assay and use of this text to evaluate the efficiency of
biodegradation  treatments”, Ecotoxicol ~ Environ (2011),
Saf 74(3):253-8.

R. Scherer and H.T. Godoy, "Antioxidant activity index (AAI) by the
2,2 diphenyl-I-picrylhydrazyl method », Food Chemistry, 2009, V112.
PP 654-658.

J. Coquard et G. Coquard, « Appréciation en laboratoire de I’activité
des insecticides a I’égard du criquet migrateur ». L’agronomie
tropicale, 1966, (6-7) 837-855.

[15] H. Bouyahiaoui, «Etude phytochimique et évaluation de I’activité
insecticide des molécules bioactives du pamplemousse (Citrus maxima)

(1]

(2]
(3]

(4]

(5]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]


http://dx.doi.org/10.1016/j.phytochem.2006.03.016
http://dx.doi.org/10.1016/j.phytochem.2006.03.016
http://dx.doi.org/10.1016/j.phytochem.2006.03.016
http://dx.doi.org/10.1016/j.phytochem.2006.03.016
http://dx.doi.org/10.1016/j.foodchem.2010.05.068
http://dx.doi.org/10.1016/j.foodchem.2010.05.068
http://dx.doi.org/10.1016/j.foodchem.2010.05.068
http://dx.doi.org/10.1016/j.foodchem.2010.05.068
http://dx.doi.org/10.1016/j.foodchem.2010.05.068
http://dx.doi.org/10.1080/10412905.1989.9697767
http://dx.doi.org/10.1080/10412905.1989.9697767
http://dx.doi.org/10.1080/10412905.1989.9697767
http://dx.doi.org/10.1080/10412905.1989.9697767
http://link.springer.com/journal/10298/5/5/page/1
http://dx.doi.org/10.3390/12030423
http://dx.doi.org/10.3390/12030423
http://dx.doi.org/10.3390/12030423
http://dx.doi.org/10.3390/12030423
http://dx.doi.org/10.3390/12030423

Int'l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 3, Issue 1 (2016) ISSN 2349-1507 EISSN 2349-1515

contre le puceron noir de la feve (Aphis fabea) », 2015, Mem. Master
Biol. UMBB, Boumerdes, Algeria.

[16] H. Oulebsir-Mohandkaci, S. Ait Kaki and B. Doumandji-Mitiche,
“Essential Oils of two Algerian aromatic plants Thymus vulgaris and
Eucalyptus globulus as Bio-insecticides against aphid Myzus persicae
(Homoptera: Aphididae)”, Wulfenia journal, Vol 22, No. 2; Feb 2015.

[17] O. Khalfi-Habes et S. Sellami, Activité biologique de trois huiles
essentielles extraites de plantes algérienne sur Rhyzopertha dominica (F)
(Coleoptera : Bostrychidae). Congrés de I'association marocaine
protection des plants (Ampp), 26-27 mai 2010, Institut agronomique et
vétérinaire Hassan I, 6 p.

[18] S. Attia, K. L. Grissa, A.C. Mailleux, G. Lognay, S. Heuskin, and S.
Mayoufi, “Effective concen-trations of garlic distillate (Allium sativum)
for the control of Tetranychus urticae Koch. (Tetranychidae),” Journal
of Applied Entomology, (2011), 136(4):302-312.
http://dx.doi.org/10.1111/j.1439-0418.2011.01640.x

http://dx.doi.org/10.15242/IJACEBS.C0516212 167


http://dx.doi.org/10.1111/j.1439-0418.2011.01640.x
http://dx.doi.org/10.1111/j.1439-0418.2011.01640.x
http://dx.doi.org/10.1111/j.1439-0418.2011.01640.x
http://dx.doi.org/10.1111/j.1439-0418.2011.01640.x
http://dx.doi.org/10.1111/j.1439-0418.2011.01640.x

	I. Introduction
	II. Material  And Methods
	A. Phytochemical Screening 
	B. Method of extraction of essential oil by hydrodistilation
	C. Evaluation of the antimicrobial activity of essential oil 
	D. Evaluation of the antioxidant activity of the essential oil 
	E. Evaluation of the insecticidal activity of essential oil

	III. Results 
	A. Results of phytochemical Screening 
	B.  Results of the yield of extraction 
	C. Results of antibacterial activity
	D.  Results of antifungal activity
	E. Results of antioxidant activity
	F. Results of insecticidal activity

	IV. Conclusion
	References



