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ABSTRACT
The present work was aimed at evaluating antifungal effect of the fraction of fatty acids methyl esters isolated from the seeds of Citrullus colocynthis against
two toxigenic fungal strains (Aspergillus flavus and Aspergillus ochraceus). The evaluation of antifungal activity was carried out by two methods: the radial
growth solid medium and the evaluation of the biomass liquid medium. The seeds understudy provided acceptable yields of oils and esters. The
characterization of these oils and their corresponding methyl esters was carried out by spectroscopic analysis. The reading of the GC/MS spectrum revealed
the richness of these oils in α- linolenic acid and linoleic acid. The results of the antifungal activity showed that the crude esters and their corresponding major
esters have exhibited a pronounced antifungal power. This effect was very important on the solid medium and more pronounced for A. flavus. The major esters
provided the best antifungal index [IAF = 51.67±0.40 % A. flavus, IAF A. ochraceus = 35.58 ± 0.37 %] compared to crude esters [IAF A. flavus = 48.64 ± 0.28
% IAF A. ochraceus = 28.37 ± 0.17 %]. These finding suggest that Citrullus coloquinthis L. seeds are an interesting source of fatty acids methyl esters having
antifungal potentialities allowing them to be used as preservative compounds against toxigenic fungi.
Keywords: Citrullus colocynthis, methyl ester, antifungal activity, Aspergillus flavus, Aspergillus ochraceus.

INTRODUCTION
Contamination by toxigenic fungi and toxin production of
food
takes
place
under
specific
environmental
conditions1, the presence of these fungi can affect and lead to
the accumulation of toxic secondary metabolites;
mycotoxins2. The problem of mycotoxins is not only
universal but also mysterious because of its impact on public
health, agriculture and economics3. It is difficult, sometimes
impossible to eliminate these mycotoxins. Prevention is
undoubtedly the best way to reduce the contamination of food
and feed by fungi and their Toxins4. The issue of reducing
mycotoxin remains complex, which has led researchers to
investigate the use of natural substances extracted from
medicinal plants that can fight against the development of
fungi producing these dangerous substances5,6. The use of
medicinal plants with antifungal properties is one of the most
interesting trails to explore7. Our interest has been focused on
Citrullus colocynthis (Cucurbitaceae family) which has
different properties include the antibacterial, antimicrobial
and anti-candida activities8. Several active chemical
constituents of this species as bitter substances cucurbétacine
A, B, C, D and E have a great interest. Further, several
studies have indicated that different cucurbitacin inhibit the
proliferation of cancer cells through different mechanisms9.
This plant has broad-spectrum antibacterial, anti-candida and
antimicrobial enabled. Other biological actions such as
natural insecticidal, growth regulator, used for treatment of
fever and a cure for the infection of the skin10,11. In this
context, and for the first time, FAMEs was separated from oil
of Citrullus colocynthis. In a second one the in vitro
antifungal effect of these esters has been investigated against
two fungal strains: Aspergillus flavus and Aspergillus
ochraceus.

MATERIALS AND METHODS
Collection of plant material and extraction of oil
The C. colocynthis seeds used for the present study were
collected in January 2012 at Abadla area, (Bechar, Algeria).
The seeds were shade and dried at room temperature. Into a
soxhlet apparatus, a quantity of 100 g of powdered seeds was
extracted with petroleum ether under reflux for 6 h. After
evaporating the solvent, crude extract of oil (6.8 g) was
obtained12.
Saponification of fatty acids
A mixture of 3.4 g of oiliness residue, ethanol (15 mL), water
(15 mL) and sodium hydroxide 3 g was refluxed for about 45
minutes. After evaporating of the ethanol under reduced
pressure, the aqueous extract was extracted with 15 mL of
diethyl ether. The organic layer was acidulated with
concentrate acid (HCl) and extracted with 20 mL of diethyl
ether. After eliminating of the solvent, fatty acids residue was
obtained Yield: 3.24 g13.
Methylic esterification of fatty acids and purification of
their corresponding esters
Concentrate sulfuric acid (1 mL) was added drop wise to a
solution of 3 g of fatty acids and 25 mL of methanol. The
mixture was stirred and refluxed for about 2 h and allowed to
reach room temperature and to stand for 2 h. After cooling,
the mixture was poured onto 300 g of crushed ice. The
aqueous layer was then extracted with chloroform. The
organic layer was dried over Na2SO4, filtered and
concentrated in vacuo to give 1.12 g of methyl esters of fatty
acids14,15. Purification by silica gel column chromatography,
eluting with petroleum ether/chloroform (9:1, v/v), gave two
fractions (Frac.1 (0.9 g) and Frac.2 (0.3 g) of title
compounds.
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Fungal materials and confirmation of testing strain
Phytopathogenic fungi known as A. flavus MTTC 2799 and
A. ochraceus CECT 2092 collected from the microbiological
laboratory at Bechar University were used for the assessing
of the antifungal potency. Confirmation of genera and species
of the used strains was carried out by micro culture and single
spore methods according respectively to Wheelis (2008) and
Dugan (2006)16,17 and Pitt and Hocking (2009)18. These fungi
were maintained on potatoes dextrose agar acidified and
stored at 4°C until time of use.
Determination of percent mycelial inhibition by growth
radial technique on solid medium
Technique consists in placing simultaneously in test tubes
different volumes of FAME’s extracted from C. colocynthis
seeds oil and full to 15 ml by solid medium PDAa (Potatoes
Dextrose Agar acidified) to obtain concentrations: 0.7, 1.3,
2.0, 2.7, 3.3, 4.0, 4.7, 5.3, 6.0 and 6.7 µL/mL. After agitation,
the content tubes were poured into dishes which were
inoculated by the respective spore solution of each tested
fungal strain (Agar solution at 0.2 % + 5 % tween 80 and
spores of fungal strains). After 7 days of incubation at 25 ± 2
°C. Mycelial radial growth was measured from the third day
of incubation19,20. The inhibition percentage of mycelial
growth was calculated using the following formula: (PIg=
((DT-D)/DT)*100 where DT is mean diameter of mycelial
growth in control and D is mean diameter of mycelial growth
in treatment21.
Determination of percent mycelial inhibition by biomass
technique on liquid medium
The FAME’s antifungal assessing by biomass technique on
liquid medium was tested by using bottles in which we put
different volumes of FAME’s: 10, 20, 30, 40, 50, 60, 70, 80,
90 and 100 µL and complete to 50 mL by the PDBa medium
(Potato Dextrose Broth acidified). After inoculation by 30 μl
of spore suspension; the bottles were incubated at (25 ± 2°C)
for 14 days22,23. After filtration, the filter paper was dried at
60°C for 24 hours24. The weight of the biomass formed (P) is
determined by the formula described by Imtiaj and Lee
(2007)25
(P = P1 - P0)
Where P0: Weight of filter paper and P1: Weight of filter paper and fungal
biomass formed after drying.

Statistical analysis
Results obtained were analyzed statistically by the analysis of
variance using MS excel 2007. All values are expressed as
Mean ± standard deviation.
RESULTS AND DISCUSSION
Currently, aromatic plants have a considerable advantage
through the gradual discovery applications of their fixed oils
in antimicrobial and antifungal activities mainly. Fixed oils
have a very broad spectrum of action against growth of
bacteria as fungi and yeasts. Their antimicrobial activity is
mainly based on their chemical composition, and in particular
the nature of their major compound or synergy between the
phytochemicals present in the extract. In order to investigate
the quality of the isolated oil, physicochemical analysis has
been made and the results are given in Table 1.
Physicochemical analysis of oils
The physicochemical profile shows that the measured
parameters of the oil of C. colocynthis are assimilate to those

described by the standard. Analysis of refractive index results
showed that this oil has an index of 1.474. This value was
higher than the work of Hassimi sadou et al (2007) has been
observed a refractive index in the interval [1.4607 1.4620]26. As seen in Table 1, high values of iodine (85.50),
oil of C. colocynthis. This physicochemical parameter
confirms the better behavior of carbon chain oils and their
ability to bind to iodine molecules. As regards the acidity
value, was found to be lower (3.3 %) than the value reported
by the Codex alimentarius. While the peroxide index was
found smaller compared to the results of Akpambang et al
(2008)27.
Through the results depicted in Table 1, it appears that the
seeds of C. Colocynthis gave acceptable yields oil (18 %). On
the other hand, our results obtained by isolation methods
from fatty acids showed a yield of 29 % of crude esters which
have provided a considerable percentage of FAMEs (56.8 %).
These results are in analogy with literature data which
confirm the richness of this oil with fatty acids and their
corresponding esters.
Spectral analysis of FAMEs
Analysis by gas chromatography
The profile of the fraction of methyl esters of free fatty acids
(FAMEs) revealed the presence of four peaks with different
retention times. The actual transit time of the different
fractions generally was 10 to 11 minutes. Fraction of fatty
acid methyl esters were identified by the relative time with
respect to those known using a bank of NBS and WILEY
data library for mass spectroscopic identification.
Figure 1
The actual transit time of FAME's different fractions isolated
from oil Citrullus colocynthis L. was generally 11 minutes.
The spectrum analysis CG Figure 3.27 shows the different
fractions generally peaks at 8.63, 9.48 and 9.62 minutes.
These peaks correspond generally to the methyl esters of the
respective fatty acids: palmitic acid, α-linolenic, linoleic and
stearic.
Mass spectroscopy Analysis
Reading the mass spectrum of the peak at 8.63 minutes,
revealed the presence of the molecular ion at m/z = 270.
Moreover, the mass spectra of methyl esters of unbranched
FAME (methyl ester of palmitic acid) are characterized by
fragment ions at m / z = 74 (McLafferty rearrangement), m /
z = 87 (cutoff β) and [M - 31] (loss of OMe). Other fragment
ions [M - CnH2n+1] (227, 185, 143, 129, derived from the
cleavage of the alkyl chain is unbranched saturated recorded
Figure.
Figure 2
The methyl ester of α -linolenic acid (Figure 3) is an
abundant molecular ion (m / z = 292) and hydrocarbon ions
of general formula [5 - Cn H2n] + having a tendency to
dominate the spectrum of the ion at m / z = 78.8 as the base
peak. A peak at m / z = 150 assigned to the methyl esters of
polyunsaturated fatty acids [C11H13]+, while the one at m / z =
108 is assigned to the terminal group [C8H13]+. In addition,
we note the presence of ions formed by a similar cleavage of
the carboxyl end giving a fragment containing the first two
double bonds and the second methylene group (minus one
proton) that could be called off «alpha«. The ion in the
spectrum corresponds to the methyl 9, 12, 15 octadecatrienoate is at m / z = 236.
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Table 1: Mean yields of isolates esters and oil physicochemical analysis
Citrullus colocynthis seeds oil
Yield (%)
color
Physical analysis
Density
refractive index (20°C)
freezing point (°C)
Chemical analysis
§ Saponification index (mg KOH/g)
§ Iodine index
§ Insaponifiable matter (%)
Characters of alteration
Acid index (%)
Acidity (%)
peroxide index (meq/Kg)
Esters fractions
§ Crude esters yield (%)
§ Major esters yield

18
yellow
0.9083
1.4742
-6°
218.6
85.80
2.268
3.682
1.858
1.18
29
56.8

Table 2: Antifungal index of FAMEs isolated from Citrullus colocynthis L. tested against A. flavus and A. ochraceus (Growth radial technique on solid
medium) (P<0.05)
A.flavus

Crude ester

10
47.32±0.09

20
47.20±0.10

30
47.22±0.14

40
45.80±0.20

50
46.58±0.22

60
39.34±0.11

70
45.25±0.38

80
90
100
48.30±0.22
47.43±0.19 48.64±0.28

A.ochraceus

Major ester
Crude ester

45.56±0.11
22.48±0.21

45.69±0.37
21.54±0.14

32.53±0.15
27.49±0.18

45.74±0.18
28.18±0.24

49.60±0.18
28.37±0.17

48.461±0.19
28.32±0.21

51.65±0.22
28.11±0.14

51.67±0.40
27.06±0.44

51.32±0.32 49.50±0.45
27.49±0.44 28.08±0.45

Major ester

29.07±0.36

32.21±0.10

33.43±0.11

28.36±0.11

25.48±0.25

24.56±0.22

27.16±0.48

26.98±0.38

35.58±0.37 35.58±0.43

Table 3: Antifungal index of FAMEs isolated from Citrullus colocynthis L. tested against A. flavus and A. ochraceus (Biomass technique on liquid
medium) (P<0.05)
10

A.flavus
A.ochraceus

Crude ester
Major ester
Crude ester
Major ester

2.79±0.07
3.47±0.13
1.30±0.09
2.44±0.12

20

30

40

50

60

70

80

1.90±0.02
4.40±0.12
2.27±0.15
2.06±0.06

7.35±0.17
5.13±0.16
2.71±0.11
5.16±0.08

2.43±0.18
2.29±0.17
2.53±0.05
1.66±0.05

7.40±0.10
2.64±0.04
3.16±0.09
4.71±0.09

3.41±0.12
1.47±0.15
6.46±0.15
7.31±0.09

2.40±0.11
1.88±0.06
5.50±0.14
7.41±0.11

2.55±0.03
4.47±0.13
6.73±0.11
6.61±0.07

90
1.38±0.11
8.64±0.16
6.77±0.06
5.87±0.02

100
1.18±0.05
4.68±0.04
5.21±0.15
5.19±0.02

Figure 1: GC spectrum of the major FAMEs isolated from oil Citrullus colocynthis L.
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Palmitic acid methyl ester

Figure 2: Mass spectrum of the methyl ester of palmitic acid (Peak at 8.63 minutes)

α-Linolenic acid methyl ester
Linoleic acid methyl ester

Figure 3: Mass spectrum of the methyl esters of α-linolenic and linoleic acids (peaks at 9.48-9.53 minutes)

Methyl ester of stearic acid

Figure 4: Mass spectrum of the methyl ester of stearic acid (Peak at 9.62 minutes)
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Figure 5: Infrared spectrum of FAMEs

Figure 6: 1H.NMR Spectrum of FAMEs

Figure 7: Spectrum 13C.NMR of FAMEs
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Figure 3
The analysis of the data in Figure 3 shows that the methyl
ester of linoleic acid has an abundant molecular ion (m / z =
294) and a residual ion due to the loss of the McLafferty ion
(m / z = 220), although the McLafferty ion (m / z = 74) has a
low abundance. The peak at m / z = 263.1 corresponds to the
fragmentation [M -31]+. The hydrocarbon ions of general
formula [CnH2n -3]+ dominate in the lower mass range (m / z =
67, 81, 95, 109, 123, etc.). Reading the mass spectrum of the
peak at 9.62 minutes confirmed that the corresponding
compound is methyl ester of stearic acid.
Figure 4
The results in Figure 3.32 showed the peak of the molecular
ion at m / z = 298, the fragment ions at m / z = 74
(McLafferty rearrangement), loss of OMe (m / z = 267) (the
cleaving β) at m / z = 87 and the ion [M - Cn H2n +1] +
fragments to (m / z = 255, 241 , 213, 199 , 185, 157 , 143,
129 and 101).
Analysis by infrared (IR)
The IR spectrum of the FAMEs displayed strong carbonyl
absorption at (1743.37 cm-1). Absorption at (3009.71 cm-1) is
characteristic to olefinic (=C-H) stretching. Similarly, the
absorption at (1658.37 cm-1) correspond to C=C stretching
(Figure 5).
Figure 5
RMN.1H analysis
NMR in chemistry becomes an increasingly important tool.
Used in the characterization of compounds These
developments are often conducted in specialized laboratories,
especially interested in the development of methods for
chemical systems which are often only "plans to test"
validation of these methods. It is based on the magnetic
property of certain atoms (or nuclei), the proton (1H), carbon
(13C). We did use this method to determine the number of
protons and their distribution in the carbon chain. As seen in
Figure 6, the proton NMR spectrum (400 MHz) showed a
large singlet at (d 3.6 ppm) assigned to the ester methyl
groups. Moreover, the presence of vinylic protons was
confirmed by the signals between (5.25 and 5.28 ppm).
Another massive signal at 0.819 ppm was assigned to the
protons of methyl group CH3-R.
Figure 6
Analysis RMN.13C
The carbon-13 NMR (13C or sometimes simply called carbon
NMR) is the application of nuclear magnetic resonance
(NMR) carbon. It allows the identification of the carbon
atoms in an organic molecule. Thus, the 13C.NMR is an
important tool in determining the chemical structure of
organic chemistry. Only the carbon isotope 13C spin-1/2,
whose natural abundance is only 1.1 %, is detectable by
NMR, because the main isotope of carbon 12C has a spin
zero. As depicted in Figure 7, the 13C.NMR spectra of
FAMEs showed carbonyl signals around (174.28 ppm), while
signals between (130.20 and 127.90 ppm) indicated the
presence of vinylic carbons (C=C). Furthermore, resonances
corresponding to methylene carbons appeared between (34.09
and 22.56 ppm).

Figure 7
Antifungal activity of FAMEs
This part of the study aims to evaluate the antifungal activity
of crude esters and major fraction of esters by two techniques
namely the evaluation of the radial growth on solid medium,
and the assessment of biomass liquid medium. The findings
of the antifungal activity screening using the inhibition of
radial growth on solid medium revealed that the FAME’s
exhibited a potential antifungal activity against A. flavus and
A. ochraceus and inhibited the growth of fungi, even at low
concentrations. The antifungal power of the methyl esters of
C. Colocynthis was optimal on A. flavus than the second
fungus at all dilutions (Table 2). The effect on A. flavus was
observed especially at concentrations of 50; 80 and 90
µL/mL with inhibition index of 46.58 ± 0.22; 48.30 ± 0.22
and 47.43 ± 0.19 %, respectively. This inhibition was also
observed on A. ochraceus at concentrations of 80 and 100
µL/mL with inhibition index of 37.06 ± 0.44 and 35.58 ±
0.43 %. As regards the esters fraction, inhibition of mycelial
growth of A. flavus at concentrations of 70; 80 and 90 uL/mL
was observed with inhibition percentage 51.65 ± 0.22, and
51.67 ± 0.40 and 51.32 ± 0.32 %, respectively. In case of A.
ochraceus pronounced inhibition index was noted (34.06 ±
0.44; 35.92 ± 0.37 and 36.92 ± 0.43 %) at dilutions of 80; 90
and 100 uL/mL.
Table 2
Our results are in agreement with those of Lima (2011) and
Canales (2011) who reported that the methyl esters of fatty
acids have antibacterial and antifungal effects28,29. As
described above, the esters fraction provided important
inhibitory effect on solid medium against the two fungal
strains at tested concentrations. Several authors particularly
Chandrasekaran (2011)30, Nehdi et al. (2013)31 and Choi et
al. (2012)12 have mentioned that FAME’s isolated from the
seeds oil extracted from some medicinal plants developed
antifungal potency against pathogenic microorganisms. These
findings correlate with the studies of Amrouche et al.
(2013)32 who indicated that the antifungal effect is probably
due mainly to the presence linoleic acid in the C. Colocynthis
oil. As regards the antifungal indices on liquid medium, the
analysis of the results obtained from the effect of the crude
ester against A. flavus has been shown that the inhibition
observed at concentrations of 30 and 50 uL/mL with a
percentage of inhibition of 7.35 ± 0.17 and 7.64 ± 0.40 %,
respectively; while the effect on A. ochraceus was well noted
at concentrations of 60 and 70 uL/mL with a percentage of
inhibition of 6.46 ± 0.15 and 6.65.50 ± 0.14, respectively. In
the case of the effect of the major fraction ester, the results
showed that there is an antifungal activity on A. flavus with
better inhibition of 8.64 ± 0.16 % at the concentration of 90
uL/mL. For the strain A. ochraceus, the results showed an
antifungal effect at concentrations of 60 and 70 uL/ml with
inhibition percentage of 7.31 ± 0.09 % and 7.41 ± 0.11 %,
respectively.
Table 3
The biomass on liquid medium showed that the esters
presented less effect. Similar findings were reported by
Ozdemir et al. (2012)33 and Elsemra et al. (2012)34. This less
effect can be assigned to the used method. Indeed, many
authors have suggested that incubation under stirring can
provide improved homogeinization culture medium and
increase contact between fungus and bioactive fraction35,12.
The assumption that the fractions present in the FAME’s may
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be responsible for the antifungal activity in reducing mycelial
growth on solid media and not reacted with the same manner
on liquid medium32.
CONCLUSION
Analysis of the results of this study indicates that the fatty
acid esters of Citrullus colocynthis possess antifungal
properties that could be applied as a chemical agent against
fungal contamination to protect public health and reduce
economic losses. In addition, the phytochemical research is
needed to identify the active fatty acid responsible for the
antifungal effect.
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