
most toxic of the four natural aflatoxins is AFB1.
AFB1 is metabolized by cytochrome P450 to
AFB1-8, 9-epoxide that interacts with proteins
and DNA inducing cell damages 2.

The development of methods for the decontami-
nation of infested food items has become one of
the major goals to ensure food safety for humans
and animals. There are no specialized methods
that would remove all mycotoxins. Strategies are
classified according to whether they are based
on chemical, physical and biological processes.
They must either reduce toxins or degrade them
without producing residual toxicities, developing
of resistant microorganisms or decreasing the or-
ganoleptic and nutritional proprieties of food.

A new approach has been developed by using

Introduction
Mycotoxins are secondary metabolites that are 

not necessary to fungi growth. These toxins con-
taminate cereals, fruits, nuts, almonds, grains, as 
well as foods or compounds intended for human 
and animal consumption 1.

The mycotoxins are secreted by fungi belong-
ing to Aspergillus, Penicillium and Fusarium. 
Among these secondary metabolites considered 
important from an agriculture and health point of 
view, aflatoxins, which are produced by two strains 
of Aspergillus. Aspergillus flavus produces afla-
toxins B1 (AFB1) and B2 (AFB2), while A. 
parasiticus excretes, in addition, aflatoxins G1
(AFG1) and G2 (AFG2). A. nomius, close to A. 
flavus, is capable of producing aflatoxins. The
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natural products to decrease the fungal growth 
and mycotoxin contamination in food 3. Essential 
oils (EOs) produced by such plants as Carum 
carvi L., Thymus vulgaris, Citrus aurantifolia 
and Cinnamomum zeylanicum L. EOs have been 
supported because of their antimicrobial activity 
4-5. EOs are liquids obtained by hydro-distillation
method from different parts of plant and com-
posed of variety of bioactive components that is 
why they are interesting in antimicrobial activity. 
The application of EOs is in demand by consumer 
to preserve foods because they are generally rec-
ognized as safe (GRAS) 6.

The present study investigated the antifungal, 
antiaflatoxin, total phenolic content, antioxidant 
activity and phytotoxicity of Citrus limon var. 
Eureka (lemon) and Citrus sinensis var. Valencia 
(orange) EOs.

Materials and methods
Chemicals and equipment

Chemical products and solvents used in the study 
were obtained from different companies in dif-
ferent countries: chloroform, methanol, dimethyl 
sulfoxide (DMSO), isoamyl alcohol, hexane, an-
hydrous sodium sulphate (Na2SO4), linoleic acid, 
Folin-Ciocalteu, Na2CO3, gallic acid, butylated 
hydroxytoluene (BHT), Potato Dextrose Agar 
(PDA) medium (Potato, 200 g; Dextrose, 20 g; 
Agar, 15 g and distilled water 1000 mL), Malt Ex-
tract Agar (M.E.A) (Malt extract, 20 g; Peptone, 
1 g; Glucose, 20 g; Agar, 20 g; Distilled water, 
1000 mL), Czapek concentrate (NaNO3, 30 g; 
KCl, 5 g; MgSO4.7H2O, 5 g; FeSO4.7H2O, 0.1 g; 
Distilled water, 1000 mL), Glycerol Nitrate Agar 
(G25N) (K2HPO4, 0.75 g; Czapek concentrate, 
7.5 mL; Yeast extract, 3.7 g; Glycerol, 250 g; Agar, 
12 g; Distilled water 750 mL), Aspergillus flavus 
and parasiticus agar (AFPA) (Peptone, 10 g; 
Yeast extract, 20 g; Ferric ammonium citrate, 0.5 
g; Chloramphenicol, 100 mg; Agar, 15 g; Dichloran, 
2 mg; Distilled water, 1000 mL), SMKY medium;
(Sucrose, 200 g; MgSO4.7H2O, 0.5 g; KNO3, 0.3 
g and yeast extract, 7 g; 1000 ml distilled water) 
were obtained from Sigma-Aldrich (France). 
Tween 40 and tween-80 from Sigma-Aldrich 
(Germany). 2,2-diphenyl-1-picrylhydrazil (DPPH) 
and β-carotene were purchased from Sigma-
Aldrich (Netherland). Silica gel-G 60 from Fluka

(Germany).
Hydro-distillation apparatus, GC-MS (Agilent 

Technologies; model 6850 and 5973, United King-
dom), centrifugation apparatus (Jouan E76, United 
Kingdom), UV lamp (CN-6, Vilber Lourmay, 
France), spectrophotometer (6705 UV/Vis, 
Jenway, United Kingdom) and a light microscope 
(Motic: BA210, China) were used in the present 
investigation.

Plant material
The fruits of C. limon var. Eureka and C. 

sinensis var. Valencia were harvested from the 
experimental field of the Institute of fruit-farming 
technology, in Mitidja province, in Algeria, in 
March and April 2015. Botanical authentication 
of the species was given by the same Institute.

Extraction of essential oils
EOs were extracted from C. limon and C. 

sinensis peels (200 g) by hydrodistillation at at-
mospheric pressure, using a Clevenger type ap-
paratus for 4 h. The obtained EOs were dried 
with anhydrous sodium sulphate (Na2SO4) and 
then recovered, weighed and stored in brown vi-
als, hermetically sealed and stored at 4°C before 
being used.

Essential oil analysis
Gas chromatography-Mass spectrometry (GC-
MS) analysis

The chemical composition of the EO was ana-
lyzed using GC-MS. The EO (10 μL) was dis-
solved in hexane (100 μL) and 2 μL of the solu-
tion was injected into a GC-MS (Agilent; model 
6850 and 7890). The capillary column was DB-5 
(length = 30 m × 0.25 mm i.d., film thickness = 
0.25 μm). Helium was used as the carrier gas at 
a flow rate of 1.0 mL/min. The column inlet pres-
sure was 8.07 psi. The GC column oven tempera-
ture was increased from 60 to 245°C at 3°C/min, 
with a final hold time of 4 min. The Electron Ion-
ization-Mass Spectrometry (EI-MS) operating pa-
rameters were as follows: electron energy, 70 eV; 
automatic scanning of the mass range 50-550 amu; 
ion source temperature, 230°C; quadrupole, 
150°C.

The identification of the volatile compounds was 
done by comparing the mass spectra (MS) ob-
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tained with the NIST electronic databases, as well 
as with the bibliography 7 in parallel with the use 
of retention indices (IR) based on series of n-
alkane indices (C8-C28) on the capillary column.

Fungal material and confirmation of testing 
strain

A. flavus E73 was obtained from Laboratoire 
de Biologie des Systmes Microbiens (LBSM; 
Kouba; Algeirs; Algeria). Confirmation of strain 
was realized according to the morphological char-
acteristics of the mycelium, by microscopic ob-
servation, and single spore method after their cul-
ture on Malt Extract Agar (M.E.A), Glycerol Ni-
trate Agar (G25N) and Czapek Yeast Agar 
(C.Y.A), the confirmation was also carried out 
by inoculation in A. flavus and parasiticus agar 
(AFAP) medium. This medium confirms that it 
belongs to the group A. flavus. In this medium 
the color of the reverse side of the colony is yel-
low-orange 8. Afterwards, A. flavus E73 was 
maintained on Potato Dextrose Agar (PDA) at 
4°C. Some other fungi viz. A. carbonarius, 
A. fumigatus, A. niger, A. ochraceus, A. 
tamarii, A. terreus, Fusarium sp., Penicillium 
sp., Rhizopus sp., isolated during mycological 
analysis of some edibles (spices and cereals) in 
our labora-tory in order their fungitoxicity 
spectrum.

Test confirming the aflatoxinogenicity of the 
strain

The method consisted in cultivating the A. 
flavus E73 (disc of 6 mm diameter) strain in 
Erlenmeyer flask containing 25 mL of the 
Sucrose Potassium nitrate Magnesium sulfate 
Yeast (SMKY) liquid medium for 10-day 
incubation period at 28 ± 2°C. The content was 
filtered (Whatman no.1) and extracted with 20 
mL chloroform. After stirring and then 
decanting, the chloroform phase was 
recovered, evaporated and redissolved in 1 mL 
chloroform. A volume of 50 μL of sample was 
spotted on a thin layer chromatography (TLC). 
The development of the chromatograms was 
car-ried out in a standard tank (20 × 20 cm) 
previ-ously saturated with the solvent system: 
toluene: iso-amyl alcohol: methanol (90: 32: 2; 
v / v / v). After migration, the plates was 
removed and dried at 60°C for 24 h. AFB1 were 

detected by placing the plate in UV 
transilluminator (360 nm). The AFB1 appeared 
as a blue spot. The intensity of the fluorescence 
of the spots confirmed the pres-ence of AFB1 9.

Preparation of fungal spore suspension
The spores of A. flavus E73 grown on PDA 

medium (culture of 7 days) were recovered by 
washing the Petri dish with a volume of 20 mL of 
0.1% tween 80 sterile solution. The suspension 
was then filtered through sterile muslin tissue. 
Spore concentration (1×106 spores/mL) was de-
termined by Mallassez cell (depth 0.2 mm, 1/400 
mm2) under a light microscope. The number of 
spores of 1 × 106/mL was fixed throughout our 
study.

In vitro antifungal activity of C. limon and C. 
sinensis EOs

The evaluation of the activity of C. limon and 
C. sinensis EOs on the mycelial growth of A. 
flavus E73 was carried out using the direct con-
tact technique. The method of the poisoned me-
dium used to test the sensitivity of the fungal strain 
to the different EOs was that of Singh 10 and José 
Velázquez-Nuñez et al. 11. EOs were added to 
10 mL PDA and mixed at 45-50°C in Petri dishes 
to obtain final concentrations ranging from 0.25 
to 2 mg/mL selected after preliminary tests. Af-
ter solidification of the medium in each Petri dish, 
10 μL of a suspension of 1 × 10 6 spores/mL was 
deposited in the center of each Petri dish. The 
control plates were prepared in parallel without 
EO. The plates were incubated at 28±2°C. Three 
repetition of each treatment were carried out. The 
mycelial growth was followed by measuring the 
diameter of two straight lines perpendicular to the 
center. Measurements were made every day for 
7 days. The comparison of the dimensions ob-
tained with those of the controls made it possible 
to calculate the percentage inhibition (I %) at day 
7, according to the following formula:

Where Da: the diameter of the zone of growth
of the test in cm;  Db: the diameter of the growth
zone of the control in cm.

I % = ( 1 −        )  x  100
Da

Db
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AFB1 inhibition was also calculated as follows:

Where X (μg/mL) is the mean concentration of 
AFB1 in the treatment and Y (μg/mL) is the mean 
concentration of AFB1 in the control.

Spectrum of fungitoxicity of C. limon and C. 
sinensis EOs

The MIC and MFC of EOs against some iso-
lated fungi viz. A. carbonarius, A. fumigatus, A. 
niger, A. ochraceus, A. tamarii, A. terreus, 
Fusarium sp., Penicillium sp., Rhizopus sp., was 
evaluated by using SMKY medium at the 
selected concentrations ( 0.5 to 2 mg/mL) as 
described before to record their fungitoxic 
spectrum.

Determination of total phenolic content of 
EOs

As reported by Dewanto et al.14, 125 μL of 
EOs in DMSO was dissolved in 500 μL of 
distilled wa-ter and 125 μL of Folin-Ciocalteu 
reagent 10 times diluted. The mixture was 
agitated and incubated for 3 min, and then 1.25 
mL of 7 % Na2CO3 was added, adjusting with 
distilled water to 3 mL. Af-ter incubation for 2 h 
at 25 ± 2°C, the absorbance at 760 nm was 
measured. The same procedure was also 
applied to the standard solutions of gal-lic acid 
(25-200 μg/mL). The concentration of total 
phenolic contents of the oils was calculated 
from the regression equation of the curve 
established with the standard gallic acid and 
expressed in micrograms of equivalents, gallic 
acid per milli-gram of EO. All tests were carried 
out in tripli-cate.

Antioxidant activity
DPPH free radical scavenging assay

The test evaluates the capacity of the EO to 
scavenge 2, 2-diphenyl 1-picrylhydrazil radical 
(DPPH). Briefly, in clean and dry tubes, 
volumes of 50 μL of different concentrations 
(100, 200, 400, 600, 800 and 1000 μg/mL) of 
each EO and standard BHT were added to 5 
mL of 0.004 %(w/v) methanolic solution of 
DPPH and incubated in darkness at room 
temperature for 30 min. Thereafter their 
absorbances were measured against a blank 
at 517 nm by spectrophotometer

Determination of minimum inhibitory concen-
tration (MIC and minimum fungicidal con-
centration (MFC

The MIC and MFC for A. flavus E73 were 
determined by broth dilution using the method of 
Shukla et al.12. Different concentrations of C. li-
mon and C. sinensis EOs (0.25 to 2 mg/mL) were 
added to 10 mL SMKY medium in test tubes. 
Tubes with only SMKY medium used as control. 
The tubes were inoculated with spore suspension 
and incubated at 28 ± 2°C for 7 days. The lowest 
concentration of EOs capable of inhibiting the 
growth in test tubes during 7 days was consid-
ered as the MIC. After 7 days, the test tubes 
where the inhibition was total subcultured in Petri 
dishes containing fresh PDA. When there was a 
resumption of mycelial growth, the concentration 
was considered as the MFC.

Anti-aflatoxin test of C. limon and C. sinensis 
EOs

According to Mishra et al.9, suspensions (50 
μL) of A. flavus E73 were inoculated in 25 mL of 
SMKY medium supplemented with different con-
centrations of each EO. Cultures were incubated 
at 28 ± 2°C. SMKY broth containing only 50 μL 
of spore suspension as a control. Three 
repetition of each treatment were done. For the 
extrac-tion of AFB1, the same procedure was 
followed as described in section of test 
confirming the aflatoxinogenicity of the strain. 
The mycelia pro-duced in the liquid cultures 
were removed and washed on Whatman No. 
1 filter paper. The weight of the mycelium 
was determined after desiccation at 80°C for 12 
h. For the quantifica-tion of AFB1, the blue 
spots on TLC plates were scraped out, dissolved 
in 5 mL cold methanol and centrifuged at 2000 g 
for 5 min. The absorbance of the supernatant 
was made using a UV-Visible 
spectrophotometer at 360 nm. The quantity of 
AFB1 was calculated according to the formula 
by Tian et al. 13:

AFB1 content μg/mL = (D x M) / (E x l)  x 1000

Where D is the absorbance, M is the 
molecular weight of AFB1 (312 g/mol), E is the 
molar extinc-tion coefficient (21, 800 l/ 
mol.cm), and l is the path length (1 cm cell was 
used).

I % = (1 X/Y) x 100
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15. DPPH radical-scavenging activity was ex-
pressed in terms of inhibition percentage (I %)
and was calculated using the following formula :

Ablank is the absorbance of the control, and Asample
is the absorbance of the sample.

The value of the inhibitory concentration (IC50)
represents the dose of the EO which causes the
neutralization of 50 % of the DPPH radicals. IC50
was estimated by extrapolation by plotting the
percent inhibition (I %) versus concentration
curves. All tests were performed in triplicate.

Beta-carotene/linoleic acid bleaching assay
This complementary method is used to assess

the antioxidant activity of compounds. As de-
scribed by Miraliakbari and Shahidi 16, 0.5 mg of
β-carotene was dissolved in 1 mL of chloroform,
25 μL of linoleic acid and 200 mg Tween 40. The
chloroform was totally evaporated; then 100 mL
of aerated distilled water was added and the mix-
ture was shaken. The samples (2 g/L) were dis-
solved in DMSO and 350 μL of each sample so-
lution were added to 2.5 mL of the resulted mix-
ture and incubated in water bath at 50°C; for 2 h
with controls. BHT was used as a positive con-
trol and DMSO as a negative control. The absor-
bance was measured at 470 nm by spectropho-
tometer and the antioxidant activities (I %) was
calculated using the following formula:

Where, A β-Carotene after 2 h assay is the absor-
bance of β-Carotene after 2 h assay and A initial
β-Carotene is the absorbance of β-Carotene at the
beginning of the experiments. All tests were car-
ried out in triplicate.

Phytotoxicity assay of C. limon and C. sinensis
EOs

The phytotoxicity of EOs was determined for
varieties of Triticum aestivum (wheat) viz. AS
81189 A (Ain Abid) and HD 1220 (Hiddab) (Dar
El Beida, Algiers, Algeria) following the method
proposed by Kordali et al.17. After surface-
sterilising of wheat seeds with sodium hypochlo-

rite (1 %) for 20 min, rinsing and removing empty
and undeveloped seeds. Two layers of filter pa-
per were placed on each Petri plate and then 10
mL of distilled water were poured. Afterwards,
50 wheat seeds were deposited on the filter pa-
per. Ten microliters (10 μL) of each EO was
dropped on Whatman no.1 and placed on the lid.
Controls were also prepared but no EO was
added. Petri plates were closed with parafilm and
incubated at 23 ± 2°C. After 8 days of incubation,
the experiment was stopped and the percentage
of germination of each variety was determined.
The germination rate corresponds to the maximum
percentage of germinated seeds in relation to the
total seed number. After determining the number
of seeds that germinated, the lengths of the radicle
and the plumule were measured. Triplicates were
carried out for each variety.

Statistical analysis
All data are reported as means ± standard de-

viations (SD). The significant differences between
mean values were determined by Newman and
Keuls multiple range test (p < 0.05), following one-
way ANOVA. The statistical analysis was per-
formed using Statbox 6.40. T-test was used to
determine the significance of difference between
the phytotoxicity experiments and the control by
STATISTICA version 6. P <0.05 were taken to
be statistically significant.

Results and discussion
Yield and chemical composition of EOs

C. limon and C. sinensis EOs provided a level
of about 0.62 ± 0.13 and 0.55 ± 0.05 %, respec-
tively. Data were in accordance with the findings
of Djenane 18 who observed that the yield of C.
limon and C. sinensis EOs was 0.70 % and
0.58 %, respectively. However, Tue et al.19 re-
ported that the yield of Citrus EOs was differing
with individual plant species ranging from 0.2 to
2.0 %. Ahmad et al. 20 reported that C. limon
EO yield was 1.12 %. Sharma and Tripathi 21

found that C. sinensis EOs yielded 1.8 %.
The constituents identified by GC-MS analy-

sis, their retention indices and relative propor-
tions are summarised in Table 1. In the present
investigation, the GC-MS analysis showed that

I % = (A β-Carotene after 2 h assay/ A initial β-Caro-
tene) x 100

I % = (Ablank  − Asample / Ablank) x 100
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Table 1. Chemical composition of C. sinensis and C. limon EOs

%
Componentsa RIE RIL C. sinensis C. limon

trans-2-Hexenal 833 846 tr -
α-Thujene 918 924 tr 0.19
α-Pinene 926 932 0.43 0.85
Camphene 943 946 - tr
Sabinene 965 969 0.38 0.77
β-Pinene 971 974 0.30 5.90
Methylheptenone 975 980 48 - tr
Myrcene 981 988 1.56 1.07
Dehydro-1,8-cineole 983 988 - tr
n-Octanal 998 998 0.85 0.14
α-Phellandrene 1002 1002 tr tr
δ-3-Carene 1004 1008 0.06 -
α-Terpipene 1011 1014 0.06 0.32
p-Cymene 1020 1020 - 0.91
Limonene 1026 1024 82.6 54.95
trans-β-Ocimene 1038 1044 0.07 0.10
γ-Terpinene 1051 1054 0.60 7.25
n-Octanol 1065 1063 0.08 0.09
p-Mentha-3,8-diene 1074 1068 tr -
Terpinolene 1079 1086 0.11 0.71
p-Cymenene 1085 1089 - tr
Linalool 1095 1095 4.99 1.45
n-Nonanal 1099 1100 0.26 0.23
1,3,8-p-Menthatriene 1108 1108 - 0.05
Methyloctanoate 1116 1116 49 0.08 -
cis-p-Menth-2-en-1-ol 1119 1118 tr 0.07
cis-Limoneneoxide 1131 1132 0.12 0.06
cis-p-Menth-2,8-dien-1-ol 1134 1133 - tr
neo-allo-Ocimene 1137 1140 tr 0.08
Camphor 1141 1141 - 0.05
1,4-Dimethyl-γ-3-tetrahydroacetophenone 1143 114550 - 0.07
Isopulegol 1143 1145 tr -
Citronellal 1145 1148 0.29 0.33
Isoneral 1154 1160 - 0.07
Borneol 1167 1165 - 0.08
Terpinene-4-ol 1175 1174 0.49 1.49
Naphthalene 1179 1178 tr tr
p-Cymene-8-ol 1183 1179 - 0.05
n-Butyl n-hexanoate 1185 1186 tr -
α-Terpineol 1191 1186 1.09 1.88
cis-Piperitol 1195 1195 tr tr
n-Decanal 1201 1201 0.63 0.09
trans-Piperitol 1205 1207 - 0.05
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         table 1. (continued).

%
Componentsa RIE RIL C. sinensis C. limon

trans-Carveol 1216 1215 0.09 0.09
Citronellol 1224 1223 0.37 0.94
Nerol 1220 1227 0.16 1.61
Neral 1232 1235 0.63 2.78
Carvone 1239 1239 0.10 0.19
Geraniol 1248 1249 0.15 1.45
Methylcitronellate 1257 1257 tr tr
Geranial 1262 1264 0.78 3.63
Perillaldehyde 1269 1269 0.27 0.23
o-Acetanisole 1287 1290 - tr
Carvacrolethylether 1297 1297 0.06 0.06
m-Acetylanisole 1301 1298 - tr
Carvacrol 1305 1298 - tr
p-Vinyl-guaiacol 1309 1309 tr -
Methylgeranate 1315 1316 51 - tr
Methylcaprinate 1318 1325 52 tr -
Citronellylacetate 1342 1350 - 0.19
Nerylacetate 1353 1359 tr 1.60
α-Copaene 1367 1374 tr -
Geranylacetate 1371 1379 - 0.78
Ethylcaprate 1389 1380 53 tr -
cis-α-Bergamotene 1404 1411 - 0.11
β-Caryophyllene 1410 1417 0.05 0.74
β-Copaene 1421 1430 0.05 -
trans-α-Bergamotene 1428 1432 tr 1.12
Geranylpropionate 1441 144454 - tr
α-Humulene 1447 1452 0.05 0.15
β-Santalene 1451 1257 - 0.06
β-Acoradiene 1469 1469 - tr
trans-β-Farnesene 1475 147155 - 0.08
Valencene 1484 1496 0.15 0.20
Bicyclogermacrene 1486 1500 - 0.32
α-Muurolene 1491 1500 tr -
E,E-α-Farnesene 1498 1505 tr 0.18
β-Bisabolene 1501 1505 tr 2.14
δ-Cadinene 1510 1522 0.08 0.09
β-Sesquiphellandrene 1519 1521 tr tr
cis-γ-Bisabolene 1533 1529 - tr
Elemol 1543 1548 tr -
trans-Sesquisabinene hydrate 1578 1577 - tr
γ-Eudesmol 1626 1630 tr tr
t-Muurolol 1638 1640 - tr
α-Cadinol 1650 1652 0.02 0.05
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         table 1. (continued).

%
Componentsa RIE RIL C. sinensis C. limon

β-Bisabolol 1664 1674 - 0.06
α-Bisabolol 1683 1685 - 0.27
β-Sinensal 1686 1699 0.36 -
α-Sinensal 1743 1755 0.11 -
Total identified 99.10 99.11
Monoterpene Hydrocarbons 86.25 73.27
Oxygen-containing Monoterpenes 9.73 19.34
Sesquiterpene Hydrocarbons 0.54 5.3
Oxygen-containing Sesquiterpenes 0.55 0.44
Others 2.03 0.72

aComponents listed in order of elution on DB-5 column.
RIE- experimentally determined retention indices on the mentioned column by co-injection of a homologous 
series of n-alkanes C8-C28.
RIL- literature retention indices (7, 48,  49, 50, 51, 52, 53, 54, 55). tr- trace (< 0.05%)

different group of terpenoid compounds was
present. In C. limon EO, the monoterpene hy-
drocarbons are mainly represented by limonene
(54.95 %) and the oxygenated monoterpenes
were represented by geranial (3.63 %), neral
(2.78 %), α-terpineol (1.88 %), nerol (1.61% %),
neryl acetate (1.60 %), terpene-4-ol (1.49 %),
geraniol (1.45 %) and linalool (1.45 %). How-
ever, the sesquiterpene hydrocarbons and oxygen-
ated sesquiterpenes were minor. C. sinensis EO
consisted of monoterpene hydrocarbons where
the predominant component was limonene (82.6
%). The main oxygenated monoterpenes were lina-
lool (4.99 %), α-terpineol (1.08 %). The sesquit-
erpene hydrocarbons and oxygenated sesquiter-
penes were in fewer quantities.

These data were somehow similar to the find-
ings of Sharma and Tripathi 21, where limonene
(84.2 %) and linalool (4.4 %) were the major com-
ponent in C.sinensis (L.) Osbeck EO composi-
tion. Djenane 18 studied C. sinensis and C. limon
peels EOs from Algeria. According to him the
main constituent in C. sinensis EO were limonene
(77.37 %) and β-pinene (3.45 %), whereas, ma-
jor constituents in C. limon EO were limonene
(51.39 %), β-pinene (17.04 %) and γ-terpinene
(13.46 %). C. maxima Burm and C. sinensis (L.)
Osbeck EOs were also characterized by limonene

(31.83 % and 90.66 %, respectively) as predomi-
nant component. As well, C.maxima EO was con-
sisted by other constituents such as E-citral (17.75
%), 1-hexene-4-methyl (15.22 %) and Z-citral
(13.38 %) 22.

This difference among the citrus EOs yield and
chemical composition related to variety and age
of plant, environmental conditions, harvesting time
and extraction method.

Identification of the fungal strain
Data of the identification exhibited that the fun-

gus used for the present investigation belonged to
A. flavus because it showed different colors on
the used culture media, which facilitated its identi-
fication according to the identification key. Be-
sides, the test of aflatoxinogenicity showed that
A.flavus E73 synthesized AFB1.

Antifungal activity assay
The antifungal activity of C. limon and C.

sinensis EOs for the seven days is presented in
Figure 1. Fungal growth was significantly (p <
0.05) diminished with increasing concentration of
EOs, which indicated dose dependent activity. The
percentage inhibition of fungal growth was deter-
mined at day 7 (Figure 2). C. limon EO caused
75.14 % inhibition in fungal growth at 1.5 mg/mL
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Figure 1. Influence of different concentrations of C. limon and

C. sinensis EOs on A. flavus E73 growth during 7 days
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compared with the control (p < 0.05). C. limon
EO showed complete inhibition of A. flavus E73
at 1.75 mg/mL and C. sinensis EO provided 68.24
% inhibition at the same concentration compared
with the control (p < 0.05).

Despite the low proportion of limonene (54.95
%) in C. limon EO when compared to that of C.
sinensis (82.6 %), it showed high antifungal acti-
vity against A. flavus E73, but it might not be re-
lated to this constituent. It has been known that
the antifungal activity of this EO was affected by
γ-terpinene, p-cymene 23-24 and pinenes, which
have been shown to have good antifungal activity
25. Thus, these components could play a signifi-
cant role in the pronounced activity of C. limon

EO. Moreover, the antifungal activity of this EO
can be attributed to citronellol, geraniol, α-terpin-
eol and nerol. Linalool and terpinen-4-ol exhibited
also good activity 26. Monoterpene alcohols in-
crease the permeability of the plasma membrane
and inhibit process of respiration on mitochondrial
membrane of fungi 27-28. However, the antifungal
activity of EOs cannot be related to single com-
ponents because they are constituted by variety
of volatile compounds. It is the result of synergis-
tic and antagonistic action of the major and minor
constituents of EOs 29. Therefore, the chances of
resistance development in fungi after application
of the EO would be reduced, and the sensitivity
to its action would be wider. Moreover, the puri-
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Figure 2. Percentage inhibition of A.flavus E73 growth after 7-day.
Columns with the different letters are significantly different (p < 0.05)
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fication of the individual compounds would require 
higher costs, so whole EOs appeared to be more 
promising in commercial application than single 
compounds.

The study of MIC and MFC is important to de-
termine the minimum dose to control fungal popu-
lations 30. The MIC/MFC test has been assessed 
against A. flavus E73 by the broth dilution method 
using SMKY medium. Kalemba and Kunicka 31 

reported that the method gives opportunity to EOs 
to come in close contact with fungal spores in the 
medium. The MIC against A. flavus E73 was re-
corded at 1.75 mg/mL for C. limon and 2 mg/mL 
for C. sinensis. The EOs of C. limon and C. 
sinensis at these two concentrations, completely 
inhibited the growth of the fungal strain. The MFC 
of C. limon and C. sinensis occurred at 2 mg/mL 
and 2 mg/mL, respectively.

Data showed that the MIC of the used EOs in 
the present study was lower than C. sinensis var. 
Valencia 11 and were higher than the C. maxima 
Burm. and C. sinensis (L.) Osbeck 22. It should 
be noted that the variation in MIC of EOs can 
be explained by the difference in the chemical 
con-stituents, the test fungus and the medium 
chosen for evaluating of antifungal activity.

Efficacy of the EOs on dry mycelium weight 
and AFB1 content

The effect of the EOs of C. limon and C.

sinensis on mycelium dry weight and AFB1 pro-
duction (p < 0.05) is presented in Figure 3. It can
be clearly seen that C. limon EO showed marked
inhibition of mycelium dry weight and AFB1 at all
concentrations where complete inhibition was
observed at 1.75 mg/mL. While, for EO of C.
sinensis, the complete inhibition was observed at
2 mg/mL.

C. limon and C. sinensis EOs can inhibit myce-
lium dry weight and the AFB1 production. A di-
rect correlation between fungal growth and AFB1
synthesis has been observed. Reddy et al. 32 re-
vealed that Syzigium aromaticum EO at 5 g/kg
inhibited A. flavus growth and AFB1 production.
Whereas, Caesulia axilaris Roxb. EO showed
quite inhibition of the A. flavus growth at 1.0 μL/
mL and AFB1 production at 0.8 μL/mL 33. Fur-
thermore, Vilela et al.34 indicated that inhibition of
AFB1 produced by A. flavus and A. parasiticus
with Eucalyptus globulus EO needed higher
concentration than that for fungal growth inhibi-
tion. From the findings presented by these authors,
it is clear that the inhibition of AFB1 cannot be
totally attributed to fungal growth inhibition. The
interference with some key enzymes of carbohy-
drate catabolism pathway in A. flavus, decreased
its potential to produce AFB1 

13. Thereby, C. li-
mon and C. sinensis EOs could act in the same
manner to control the synthesis of AFB1 by the
A. flavus E73. Further research is required in
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Figure 3. Effect of EOs on mycelia dry weight and AFB1 production by A. flavus E73.

Columns with the same letters are not significantly different. Values are mean (n = 3) ± SD

order to understand mechanisms action for the
control of AFB1 production because the majority
of previous works focus more on the detection of
EOs’ antifungal and antiaflatoxin activity, hence,
the mechanisms of action are poorly studied, most
of which are assumptions.

Spectrum of fungitoxicity
The spectrum of fungitoxicity at different con-

centrations against the isolated fungi has been also
investigated. Data of the activity of C. limon and
C. sinensis EOs are presented in Table 2. They
showed complete inhibition of growth of all the
fungi studied. C. limon EO was more effective,
which inhibited the growth of most fungi.

Fusarium sp. and Rhizopus sp. (1.75 mg/mL) 
necessitated the highest concentration of this EO 
for inhibition and the lowest was for A. terreus 
(0.75 mg/mL). Results indicated that C. limon EO 
showed lower inhibitory concentration compared 
to C. sinensis EO except A. niger and Fusarium 
sp., where the inhibition was the same (1.5 and 
1.75 mg/mL, respectively). A. ochraceus was 
in-hibited at 2 mg/mL of C. sinensis EO, which 
made it the most resistant to this EO compared 
to the other tested fungi. As well, MFC was 
determined for C. limon and C. sinensis EOs. 
It should be noted that MFC values were higher 
than these of MIC, they were between 1 and > 
2 mg/mL for both EOs.
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Table 2. Spectrum of fungitoxicity of C. sinensis and C. limon EOs

CMI (mg/mL) CMF (mg/mL)
Fungi C. limon C. sinensis C. limon C. sinensis

A. carbonarius 1.0±0.00 1.75±0.25 1.25±0.5 >2.0
A. fumigatus 1.0±0.43 1.5±0.00 1.5±0.25 1.75±0.00
A. niger 1.5±0.00 1.5±0.14 1.75±0.00 2.0±0.00
A. ochraceus 1.5±0.00 2.0±0.00 2.0±0.00 >2.0
A. tamarii 1.25±0.25 1.5±0.72 1.75±0.00 1.75±0.00
A. terreus 0.75±0.25 1.75±0.00 1.0±0.25 1.75±0.43
Fusarium sp. 1.75±0.00 1.75±0.00 2±0.00 >2.0
Penicillium sp. 1.5±0.43 1.75±0.00 1.75±0.00 >2.0
Rhizopus sp. 1.75±0.00 2.00±0.00 >2.0 >2.0

Values are given as means of three repetitions

A lot of research has investigated the fungitox-
icity potential of Citrus EOs. Sharma and Tripathi 
21 in their work reported that C. sinensis (L.) 
Osbeck EO was found to be fungicidal against A. 
niger. Viuda-Martos et al.35, reported that the EOs 
of lemon, orange, mandarin and grapefruit peels 
showed, the potential to inhibit the growth of Peni-
cillium chrysogenum, Penicillium verrucosum, 
A. niger and A. flavus. Singh et al.22, in their work 
reported that C. maxima Burm. and C. sinensis 
(L.) Osbeck EOs was found to be fungicidal 
against A. fumigatus, A. niger, A. terreus, Alter-
naria alternata, Cladosporium herbarum, 
Curvularia lunata, Fusarium oxysporum, 
Helminthosporium oryzae and Trichoderma 
viride. In this investigation, the fungitoxicity of 
C. limon and C. sinensis EOs has been mainly 
tested on Aspergillus genera because they are 
frequent contaminants of medium and low mois-
ture food. Metabolic activity of these microorgan-
isms causes food spoilage and biosynthesize toxic 
secondary metabolites-mycotoxins: aflatoxins, 
ochratoxin A. C. limon and C. sinensis EOs has 
been also tested on Fusarium and Penicillium 
for their capability to synthesize mycotoxins as 
zearalenone, citrinin, ochratoxin A, fumonisin, 
patulin and deoxynivalenol. These toxigenic fungi 
should be studied in depth with regard to use Cit-
rus EOs. Hence, C. limon and C. sinensis EOs 
would be necessitated for inhibition of the fungal 
contamination of foods.

Total phenolic content and antioxidant capac-
ity

Data from the determination of total phenolic 
content of C. limon and C. sinensis EOs are sum-
marized in Table 3. The total phenolic contents 
varied significantly (p < 0.05) between the two 
studied EOs, C. limon had higher total phenolic 
content (16.90 μg/mg) than C. sinensis (10.53 μg/
mg). The antioxidant activity of C. limon and C. 
sinensis EOs were also tested. The concentra-
tions that led to IC50 and the β-carotene oxidation 
inhibition C. limon and C. sinensis oils were 
1570.10 and 752.26 μg/mg; 36.19 and 55.56 %, 
respectively (p < 0.05) (Table 3).

Previous studies showed a significant correla-
tion between the antioxidant activity and total phe-
nolic contents in herbs, vegetables and fruits 36-37. 
In comparison with the obtained data, Prakash at 
al. 38 in his study found that the antioxidant activ-
ity of Cananga odorata EO was higher than 
Commiphora myrrha EO, although C. myrrha 
presented greater total phenolic content. Thus, 
antioxidant activity cannot be related to just 
phenolics.

Data of antioxidant activity exhibited a differ-
ence in DPPH radical scavenging between C. li-
mon and C. sinensis EOs. This difference could 
be explained by the chemical composition of each 
EO. Additionally, free radical scavenging activity 
of EO may be attributed to the phenolic com-
pounds presented in these EOs because it has
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Table 3. Antioxidant activity and total phenolic of C. sinensis and C. limon EOs.

EOs DPPH (IC50) βββββ-carotene/Linoleic Total phenolic content
(μμμμμg/mL) acid inhibition (%) (μμμμμg/mg)

C. limon 1570.10±19.57a 36.19±0.64a 16.90±0.24a

C. sinensis 752.26±6.09b 55.56±0.64b 10.53±0.26b

BHT 306.15±4.49c 94.77±1.61c  nd

nd: not determined
Means in each column followed by different letters are significantly different (p < 0.05)

Table 4. Influence of C. limon and C. sinensis EOs
on seed germination and seedling growth

Seedling growth (mm)
Samples Germination (%) Radicle Plumule

HD1220 (Hiddab)
C. limon EO 80.00±4.00 52.66±3.92 43.70±1.70
C. sinensis EO 77.33±3.05 45.50±1.81 38.50±2.50
Control 92.66±3.05 67.70±2.98 57.83±1.30

AS 81189 A (Ain Abid)
C. limon EO 72.66±3.0 60.06±4.24 52.96±6.16
C. sinensis EO 571.33±3.05 59.73±2.07 49.03±2.25
Control 90.66±4.16 69.40±2.98 60.30±4.59

been reported that they have antioxidant activi-
ties against reactive oxygen species (ROS), or 
the interactions between the whole compounds 
39-40. On the other hand, the oxidation of β-caro-
tene was considerably inhibited by C. limon and 
C. sinensis EOs. Jayashree and Subramanyam 
41 in their investigation reported that oxidative 
stress causes AFB1 production by Aspergillus 
spp. In later works, other authors as Narasaiah et 
al.42; Zjalic et al.43 and Kim et al.44, proved that 
biosynthesis of aflatoxins is really related to oxi-
dative stress and peroxidation. Ferreira et al.2 re-
ported that the efficacy of Curcuma longa L. 
and curcumin on aflatoxins production may be 
attributed to the inhibition ternary steps of afla-
toxins synthesis, lipid peroxidation and oxygen-
ation. Hua et al.45 showed that phenolics reveal 
inhibitory activity on AFB1 production by A. 
flavus. Thereby, the efficacy of C. limon and C. 
sinensis EOs on AFB1 production may be related 
to their antioxidant nature.

Phytotoxicity assay
During this investigation, the effects of C. li-

mon and C. sinensis EOs on the germination 
and seedling growth of AS 81189 A (Ain Abid) 
and HD 1220 (Hiddab) were evaluated. As 
shown in Table 4, C. limon and C. sinensis EOs 
diminished significantly the germination of AS 
81189 A (Ain Abid) seeds compared to the con-
trol (< 0.05), while, no significant decrease for 
HD1220 (Hiddab) seeds compared to the con-
trol (> 0.05). The length of radicles of AS 81189 
A (Ain Abid) was significantly diminished in the 
seeds treated with C. limon and C. sinensis 
EOs (p < 0.05), but the effect of EOs on the 
length of plumules of AS 81189 A (Ain Abid), 
radicles and plumules of HD1220 (Hiddab) 
was non significative compared to the control 
(> 0.05) .

C. limon and C. sinensis EOs did not exhibit a
potent phytotoxicity. Thus, the EOs may be only
recommended for food commodities stored for
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consumption purpose.
Many authors studied the phytotoxicity of some 

EOs. Five plants (Origanum majorana L., 
Coriandrum sativum L., Hedychium spicatum, 
Commiphora myrrha, and Cananga odorata) 
were tested for their phytotoxicity on 
chickpea. They were found to be non 
phytotoxic 38. Shukla et al.46 tested the 
effect of Callistemon  lanceolatus EO and 
its major component 1, 8-cineole on chickpea 
seed germination.

The authors noted that there was no adverse 
effect, suggesting their non-phytotoxic nature. 
Similar type of results were obtained by Kedia 
et al.47, who reported that cumin EO revealed 
no phytotoxic effect on germination of wheat 
and chickpea seed. Until now, there are no 
published data on the effect of Citrus EOs and 
particularly Citrus limon var. Eureka and Citrus 
sinensis var. Valencia EOs on the germination 
and seedling growth of wheat.

Conclusion
The Algerian C. limon and C. sinensis EOs

can inhibit fungal growth and AFB1 production.
They also showed fungitoxic spectrum against
some isolated fungi, antioxidant activity and phyto-
toxicity. These findings should be taken into consi-
deration by industries to exploit Citrus EOs as
natural food additives for food items.
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