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ABSTRACT

Tomato fruits (Solanum Ilycopersicum) are among the most horticultural popular crops consumed
worldwide. They are susceptible to fungal infection and subsequent contamination with mycotoxins.
So the current work aimed to assess the occurrence of spoilage fungi and their associated mycotoxins
in tomato fruits, and evaluation of antifungal activity of cinnamon and fennel essential oils (alone and
in pair combination) in controlling the tomato spoilage caused by mycotoxigenic fungi. The obtained
data resulted that, 1373 fungal isolates were detected. Nine fungal species were identified as Alternaria
alternata, Aspergillus niger, A. flavus, A. parasiticus, Colletetrichum sp., Geotrichum candidum, Mucor
sp., Penicillium expansum, and Rhizopus stolinifer. Alternaria alternata isolates No. (2 & 29) from
locations D & A produced Alternariol toxin, 4. parasiticus isolate No. (1) from location A was
aflatoxins producer, and Penicillium expansum isolate No. (1) from location B produced Citrinin. On
the other hand, Cinnamaldehyde, (E) - compound was the major constituent detected in cinnamon oil,
while Estragole compound was the main constituent in fennel oil. Cinnamon and fennel essential oils
and their mixture reduced significantly the mycelial growth of the tested mycotoxigenic fungi at all
concentrations used under in vitro and in vivo conditions compared with the untreated control. It could
be concluded that cinnamon and fennel essential oils and their mixture are highly effective against
tomato spoilage caused by mycotoxigenic fungi.

Keywords: Tomato fruits, Mycotoxigenic Fungi, Mycotoxins, Antifungal activity, Cinnamon essential
oil, Fennel essential oil.

1. Introduction

Tomato (Solanum lycopersicum), is a member of the Solanaceae family and is a highly popular
and widely cultivated vegetable worldwide. It is extensively consumed in various forms, both fresh and
processed. Among all vegetables, tomatoes hold significant value as a crop and are consumed by a large
number of people globally (Moneruzzaman et al., 2008). The tomato possesses significant nutritional
and health advantages, as well as considerable economic value (Raiola et al.,, 2014). The tomato is
abundant in essential nutrients like vitamins, carbohydrates, proteins, fats, and potassium (Talvas et al.,
2010). Similar to many other agricultural commodities, the occurrence of mold contamination in
tomatoes initiates in the fields (Brackett 1988). The quality of tomatoes is significantly impacted by
post-harvest handling, inadequate storage practices, transportation issues, and improper marketing.
Fungal infections, caused by various species such as Geotrichum candidum, Rhizopus stolonifer,
Alternaria sp. (causing black mold rot), and Fusarium sp. (causing Fusarium rot), are the main culprits
behind tomato fruit rots. It is important to note that the consumption or inhalation of tomatoes
contaminated with Fusarium species poses a health risk to humans, as these fungi produce mycotoxins
that can lead to mycotoxicoses (Wagacha and Muthomi 2008). Approximately 25.80% of fresh tomato
fruits are estimated to be lost during the post-harvest stage (Thirupathi er al, 2006). Harvesting
tomatoes without causing any damage is a challenging task. The extent of post-harvest losses is more
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pronounced in developing countries compared to developed nations (Enyiukwu 2014). The issue of
fungal rot affecting tomatoes is not limited to Egypt but is a global concern. Various methods have been
utilized to prevent and control post-harvest fungal spoilage. Natural products, including those derived
from higher plants; offer promising alternatives to synthetic chemical fungicides, biological control
agents, and physical methods. These natural products exhibit a relatively wide range of effectiveness,
are cost-efficient, and are environmentally safe (Etebu et al., 2013). This study aims to control the
natural infection of tomato fruits postharvest caused by fungi using different doses of pure essential oils
of cinnamon (Cinnamomum zeylanicum L.) and fennel (Foeniculum vulgare) which are widely
consumed as spices (Anzlovar et al., 2014), and are largely safe at low doses (Sinha et al., 2014).
Therefore, the objectives of this study were to assess the occurrence of spoilage fungi and their
associated mycotoxins in tomato fruits, identify the chemical composition of cinnamon and fennel
essential oils and evaluation of their antifungal activity (alone and in pair combination) in controlling
the tomato spoilage caused by mycotoxigenic fungi.

2. Material and Methods
2.1. Collection of samples

Randomly ten fresh samples of tomato fruits were collected from each of six different locations
in Egypt during (2022). Each sample was collected in sterile polyethylene bags and conveyed to the
microbiology laboratory for analysis within 24 hours of collection.

2.2. Essential Oils

Pure essential oils of cinnamon (Cinnamomum zeylanicum L.) and fennel (Foeniculum vulgare)
were purchased from the Medicinal and Aromatic Plants Research Center in Al-Qanatir Al-Khairiya,
Egypt. All plant oils were stored in dark bottles at 4°C for further studies.

2.3. Culturing Procedure

Naturally infected samples were washed with distilled water and then, disinfected by immersing
them in ethanol 70% for 2 min. Sterilized fruits were washed twice with sterile double—distilled water
(5min each), and allowed to dry for 1 hr. in laminar flow. An appropriate size of infection site of spoilt
tomatoes was carefully cut with of sterile blade. Sliced portions (0.5 cm) were then plated on a sterile
Potato Dextrose Agar (PDA) medium complemented with 2% tetracycline to inhibit bacterial growth.
Three replicates of each tested sample were inoculated with 4 pieces for each plate. Incubation was
done at 28 + 2°C for 5 days until fungal growth was noticed. The different isolates were sub-cultured
on freshly prepared (PDA) to obtain their pure culture.

2.4. Identification Procedure
All developing fungal colonies were examined morphologically and microscopically and then
identified according to Pitt and Hocking (1997); Raper and Fennel (1965); Samson (1979).

2.5. Determination of mycotoxins production

All isolated mycotoxigenic fungi (Alternaria alternata, A. flavus, A. parasiticus, and Penicillium
expansum) were tested for mycotoxins production. Production of Alternariol toxin was done by
culturing Alterneria sp. on rice medium according to Torres et al., (1998), and was determined
according to Logrieco et al., (1990). All 4. flavus, and A. parasiticus isolates were propagated as pure
culture in 100 ml yeast extract sucrose (YES) medium to be tested for Aflatoxins production
(Munimbazi and Bullerman 1998; Younos and Akl 2022), and was extracted and determined according
to Kumar et al., (2010); Rubert et al., (2012), while Citrinin production was done by culturing pure
culture of Penicillium expansum isolates on 100 ml yeast extract sucrose (YES) medium, and
determined and quantified by HPLC according to Coton et al., (2019).

2.6. Gas chromatography-mass spectrometry (GC/ MS) analysis of essential oils (EOs)

The GC-MS system (Agilent Technologies) was equipped with a gas chromatograph (7890B)
and mass spectrometer detector (5977A) at Central Laboratories Network, National Research Centre,
Cairo, Egypt. Samples were diluted with hexane (1:19, v/v). The GC was equipped with a DB-WAX
column (30 m x 250 pm internal diameter and 0.25 um film thickness). Analyses were carried out using
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helium as the carrier gas at a flow rate of 1.0 ml/min at a split 1:10 of, injection volume of 1 pl and the
following temperature program: 40 °C for 1 min; rising at 4 °C /min to 150 °C and held for 6 min; rising
at 4 °C/min to 210 °C and held for 1 min. The injector and detector were held at 280°C and 220 °C,
respectively. Mass spectra were obtained by electron ionization (EI) at 70 eV; using a spectral range of
m/z 50-550 and solvent delay 3 min. The components of the EOs were identified by matching their
mass spectral fragmentation patterns with those reported in computerized MS- data bank spectral
libraries NIST 98 and WILEY 138 (Sparkman 2012).

2.7. In vitro antifungal activity of cinnamon and fennel oils (mycelial growth inhibition)

The antifungal effects of essential oils (cinnamon and fennel oils and their mixture) were
determined against isolated fungi (Alternaria alternata, Aspergillus flavus, A. parasiticus, and
Penicillium expansum) in vitro. The tested essential oils were dissolved in 0.1% sterile Tween 20 (1:1)
individually and then mixed with sterilized Potato Dextrose Agar (PDA) medium at different
concentrations (0.125, 0.25 & 0.50 % (v/v)) in separately sterilized Petri dishes. All Petri dishes were
inoculated separately at the center with Smm-disc inoculums 7-day old of each of the tested isolated
fungi using a sterilized cork borer. Three plates were used as replicates for each treatment and then
incubated at 28 + 2°C. Colony diameter was measured after 7 d of the incubation period (Singh et al.,
2014). Medium-free of oil was used as a control. Growth inhibition percent was calculated according
to Jabeen et al., (2013) by using a formula:

Growth inhibition (%) = (C - T) / Cx100
Where C = growth in control, T = growth in treatment

2.8. In vivo assessment of antifungal activity of cinnamon and fennel oils on tomato fruits
spoilage

The antifungal assay of the essential oils (cinnamon and fennel oils and their mixture) against
spoilage tomato fruits caused by mycotoxigenic fungi (Alternaria alternata, A. parasiticus and
Penicillium expansum) in vivo was conducted according to the method of Tian ef al., (2011); Tabaestani
et al., (2013). Healthy red tomato fruits were surface sterilized with ethanol for 1 minute and washed in
five changes of distilled water. A 5 mm cork borer was punched to a depth of 4 mm into the healthy
tomato fruits and the bored tissues were removed. A five mm diameter disc from the pure culture of
each of the tested fungi was placed back into the bored hole on the tomato fruits individually. The
wounds were sealed with prepared candle wax according to the method of Fawole and Oso (1998). The
control experiment was set up in the same manner except that the sterile agar disc was used instead of
inoculums. The essential oils treatments consisted of five minutes of immersion of the aforementioned
fruits (inoculated wounded fruits) in tested essential oils individually (0.50% concentration) and in
sterilized distilled water in case of control treatment. Fruits were then forced-air cooled to 5°C and
placed in white plastic containers each containing 10 fruits, each moistened with-wet balls of absorbent
cotton wool to create a humid environment and incubated at 28°C under sterile conditions for 15 days.
Three replicates were used per treatment. The fruit decay development (disease severity) was expressed
as diameter of rot lesion in mm on fruit respect to control.

2.9. Statistical Analysis

Data obtained in this study were analyzed using software (IBM SPSS Statistics v.16. USA).
Statistical significance was performed using a one-way Analysis of Variance (ANOVA) test. A value
of p<0.05 was considered statistically significant. The least significant difference (LSD) was calculated
at P <0.05 according to Gomez and Gomez (1984).

3. Results
3.1. Total fungal isolates associated with tomato fruits

Since most fruits and vegetables such as tomato fruits contain high levels of water and nutrients,
they serve as good substrates which support the growth of pathogenic microorganisms. Isolation of
mycoflora associated with tomato fruitson Potato dextrose agar (PDA) medium from six different
locations resulted that, 1373 fungal isolates were counted and recorded as shown in Table 1. On the
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other hand, data showed that location D had the highest total fungal isolates (333 isolates (24.25%))
followed by location E (275 isolates (20.03%)), location F (259 isolates (18.86 %)), location A (226
isolates (16.46 %)), and location B which recorded 162 isolates (11.80 %), while location C had the
least fungal isolates (118 isolates (8.59%).

Table 1: Total fungal isolates associated with tomato fruits.

Samples A B CLocatlonsD E F Total

1 T.C 13 29 8 18 22 35 125

% 0.95 2.11 0.58 1.31 1.60 2.55 9.1

) T.C 21 20 7 22 15 17 102
% 1.53 1.46 0.51 1.60 1.09 1.24 7.43

3 T.C 20 16 13 20 9 28 106
% 1.46 1.17 0.95 1.46 0.66 2.04 7.74

4 T.C 25 17 10 131 15 32 230
% 1.82 1.24 0.73 9.54 1.09 2.33 16.75

5 T.C 24 14 10 13 34 36 131
% 1.75 1.02 0.73 0.95 2.48 2.62 9.55

6 T.C 25 15 10 16 44 24 134
% 1.82 1.09 0.73 1.17 3.20 1.75 9.76

T.C 19 5 20 30 17 22 113

7 % 1.38 0.36 1.46 2.18 1.24 1.60 8.22
8 T.C 34 18 10 26 45 19 152
% 2.48 1.31 0.73 1.89 3.28 1.38 11.07

9 T.C 32 21 19 30 35 15 152
% 2.33 1.53 1.38 2.18 2.55 1.09 11.06

10 T.C 13 7 11 27 39 31 128
% 0.95 0.51 0.80 1.97 2.84 2.26 9.33

Total 226 162 118 333 275 259 1373

% 16.46 11.80 8.59 24.25 20.03 18.86 100

T.C= Total count

3.2. Fungal frequencies associated with tomato fruits

Identification of fungal species associated with tomato fruits indicated that there are nine fungal
species belonging to seven fungal genera were identified and recorded as shown in Table 2. These are
Alternaria alternata, Aspergillus niger, A. flavus, A. parasiticus, Colletetrichum sp., Geotrichum
candidum, Mucor sp., Penicillium expansum, and Rhizopus stolinifer On the other hand, Geotrichum
candidum had the highest fungal frequency recorded 61.76%, followed by Colletetrichum sp. (29.86%),
Altarnaria alternate (4.37%), Mucor sp. (2.62%), A. parasiticus (0.51%), A. flavus (0.44%), A. niger
(0.22%), and Penicillium expansum (0.15%). Less fungal frequency was recorded with Rhizopus
stolinifer which gave 0.07%.

3.3. Determination of mycotoxins production

Mycotoxins are secondary metabolites that are produced by fungi under suitable conditions.
Determination of mycotoxins produced by mycotoxigenic fungi (4Alternaria alternata, Aspergillus
flavus, A. parasiticus, and Penicillium expansum) isolated from tomato fruits resulted that, Penicillium
expansum (isolate No. 1) from location B produced the highest mycotoxin quantity (Citrinin), which
recorded 1.880 pg/ml, while each of Alternaria alternata (isolates No. 2 & 29) from locations D & A
produced Alternariol toxin with concentrations of 1.410 and 1.100ug/ml respectively. A. parasiticus
(isolate No. 1) from location A produced least mycotoxin quantity (Aflatoxins), where it produced 0.014
pg/ml (0.002 AFB2 and 0.012 AFG2). None of 4. flavus isolates was Aflatoxin producers as shown in
Table 3
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Table 2: Fungal frequencies associated with tomato fruits

Fungi
Locations Altarnaria Aspergillus Aspergillus Aspergillus Colletetrichum Geotrichum Mucor Penicillium Rhizopus Total
alternata niger flavus parasiticus sp. candidum sp. expansum stolinifer

T.C 36 NF 1 4 64 115 5 1 NF 226
A % 2.62 - 0.07 0.29 4.66 8.38 0.36 0.07 - 16.47

T.C 16 3 NF NF 51 88 3 1 NF 162
’ % 1.17 0.22 - - 3.71 6.41 0.22 0.07 - 11.80

T.C 6 NF NF NF 20 91 0 NF 1 118
¢ % 0.44 - - - 1.46 6.63 0.00 - 0.07 8.59

T.C 2 NF 5 3 92 225 6 NF NF 333
g Y% 0.15 - 0.36 0.22 6.70 16.39 0.44 - - 24.25

T.C NF NF NF NF 126 135 14 NF NF 275
¢ % - - - - 9.18 9.83 1.02 - - 20.03

T.C NF NF NF NF 57 194 8 NF NF 259
' % - - - - 4.15 14.13 0.58 - - 18.86

T.C 60 3 6 7 410 848 36 2 1 1373

Total
% 4.37 0.22 0.44 0.51 29.86 61.76 2.62 0.15 0.07 100

NF=Not Found
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Table 3: Determination of mycotoxins production by toxigenic fungi associated with tomato fruits

Mycotoxins (ng/ml)
Locations Toxigenic fungi Isolate . Aflatoxins o
No. Alternariol Total Citrinin
AFB; AFG: AFB: AFG: Aflatoxins
Alternaria alternata 29 1.100 - - - - - -

A Aspergillus flavus - - ND ND ND ND ND -
Aspergillus parasiticus 1 - ND ND 0.002 0.012 0.014 -
Penicillium expansum - - - - - - - ND
Alternaria alternata - ND - - - - R _

B Aspergillus flavus NF - - - - - - _
Aspergillus parasiticus NF - - - - - - _
Penicillium expansum 1 - - - - R - 1.880
Alternaria alternata - ND - - - - R _

c Aspergillus flavus NF - - - - - - _
Aspergillus parasiticus NF - - - - - _ ;
Penicillium expansum NF - - - - - i B}
Alternaria alternata 2 1.410 - - - - - _

D Aspergillus flavus - - ND ND ND ND ND -
Aspergillus parasiticus - - ND ND ND ND ND -
Penicillium expansum NF - - - - - - _
Alternaria alternata NF - - - - - - _

e Aspergillus flavus NF - - - - - _ _
Aspergillus parasiticus NF - - - - - i, _
Penicillium expansum NF - - - - - i, _
Alternaria alternata NF - - - - _ R N

F Aspergillus flavus NF - - - - - - _
Aspergillus parasiticus NF - - - - - _ i}
Penicillium expansum NF - - - - - - _

NF= Not Found, ND = Not Detected
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3.4. The chemical compounds in cinnamon and fennel essential oils identified by GC-MS

The identification and quantification of cnnamon and fennel essential oils and their fractions were
determined using GC/MS and summarized in Table 4 and Fig. 1. The obtained data indicated that seven
compounds were detected in cinnamon essential oil, while Seventeen compounds were identified in
fennel essential oil.

Table 4: The chemical compounds in cinnamon and fennel essential oils identified by GC-MS.
% Content

Serial

No. RT Constituent name Formula Cinnamon Fennel

oil oil

1 16.789  5-(Isothiocyanato)hept-1-en-6-yne C8HONS 0.58 -

2 26.914 Benzenemethanol C7H8O 26.06 0.19

3 27.081 2-Propenal, 3-phenyl- C9H8O 0.54 -

4 32.001 Cinnamaldehyde, (E)- C9HBO 69.6 0.24

5 35.307 Eugenol CI0H1202 3.1 -

6 38.542 Cinnamaldehyde Propylene Glycol Acetal C12H1402 0.04 -

7 49.76  Butanoic acid, 3-oxo-, phenylmethyl ester C11H1203 0.07 -

8 4366 .alpha.-Pinene, (-)- C10H16 - 0.30
9 7.132  .beta.-Myrcene CI10H16 - 0.14
10 8.218 Limonene CI10H16 - 1.23
11 8.378  dl-Limonene CI10H16 - 0.81
12 13.37  Fenchone C10H160 - 0.24
13 13.619 L-Fenchone C10H160 - 0.09
14 13.744 .alpha.-Thujone C10H160 - 0.06
15 23.021 Estragole CI0HI120 - 92.78
16 23.14  Z-Citral C10H160 - 1.38
17 23.846 E-Citral CI0H160 - 1.93
18 24.184 .beta.-Gurjunene C15H24 - 0.01
19 25.484 trans-Anethole CI10H120 - 0.25
20 29.977 Benzaldehyde, 3-methoxy- C8H802 - 0.14
21 31.538 2-Propenoic acid, 3-phenyl-, methyl ester ~C10H1002 - 0.02
22 46.151 trans-4-Methoxycinnamaldehyde CI10H1002 - 0.18
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Fig. 1: Chromatograms of the chemical compounds identified by GC-MS of: a. Cinnamon oil, b. Fennel

oil.

Cinnamaldehyde, (E)- compound was the major constituent in cinnamon oil, where it represents
69.6%, followed by Benzenemethanol (26.06%), Eugenol (3.1%), 5-(Isothiocyanato)hept-1-en-6-yne
(0.58%), 2-Propenal, 3-phenyl- (0.54%), Butanoic acid, 3-oxo-, phenylmethyl ester (0.07%), and
Cinnamaldehyde Propylene Glycol Acetal (0.04%). On the other hand, Estragole compound was the
major constituent in fennel oil (92.78%), followed by Citral compound, which recorded 3.31% (1.93 %
E-Citral and 1.38 % Z-Citral), Limonene compound, which represents 2.04% (1.23%Limonene and
0.81%dl-Limonene), Fenchone compound, which recorded 0.33% (0.24% Fenchone and 0.09% L-
Fenchone), .alpha.-Pinene, (-)- (0.30%), trans-Anethole (0.25%), Cinnamaldehyde, (E)- (0.24%),
Benzenemethanol (0.19%), trans-4-Methoxycinnamaldehyde (0.18%), each of .beta.-Myrcene and
benzaldehyde, 3-methoxy- recorded (0.14%), alpha.-Thujone (0.06%), and 2-Propenoic acid and 3-
phenyl-, methyl ester (0.02%), while .beta.-Gurjunene recorded (0.01%)

3.5. In vitro antifungal activity of cinnamon and fennel essential oils (mycelial growth inhibition)

The antifungal activity of cinnamon and fennel essential oils and their mixture were evaluated by
employing various concentrations (0.125 %, 0.25 %, and 0.50 %) against the tested fungi (Alternaria
alternata, Aspergillus flavus, A. parasiticus, and Penicillium expansum). Data in Table 5 and Fig. 2
indicated that cinnamon and fennel essential oils and their mixture reduced significantly (P < 0.05) the
fungal growth of the tested fungi at all concentrations used compared with the untreated control. Also,
the growth inhibition was increased by increasing the concentration used. On the other hand, cinnamon
oil and its combination with fennel oil gave the highest antifungal activity against the tested fungi, in
which cinnamon oil completely inhibited the fungal growth of Alternaria alternata, A. parasiticus, and
Penicillium expansum at all concentrations used, while completely inhibited A. flavus growth at
concentration of 0.50%, and gave 83.13 % and 68.75 % reduction at 0.25 % and 0.125 % respectively.
The combination of cinnamon and fennel essential oils also completely inhibited the mycelial growth
of Alternaria alternata, and Penicillium expansum at 0.25 %, and 0.50 %, and A. flavus at 0.50 %, while
giving 91.33 %reduction of 4. parasiticus growth at 0.50 %, and gave 86.67 % and 81.25 % reduction
of A. parasiticus and A. flavus growth at 0.25 % respectively. At 0.125 %, the reduction of mycelial
growth was recorded 82.00 %, 78.12 %, 72.50 %, and 71.43 % for A. parasiticus, A. flavus, Penicillium
expansum, and Alternaria alternata respectively. Fennel oil at 0.50% reduced the mycelial growth of
Alternaria alternata, A. parasiticus, Penicillium expansum, and A. flavus with reduction percent of
81.90 %, 80.00 %, 68.75 %, and 65.62 % respectively, while gave 74.29 %, 66.67 %, 46.87 %, and
31.25 % reduction at a concentration of 0.25 % and gave 62.86 %, 60.00 %, 43.75 %, and 15.63 %
reduction at 0.125 % for Alternaria alternata, A. parasiticus, A. flavus and Penicillium expansum
growth respectively.
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Table 5: In vitro antifungal activity of cinnamon and fennel essential oils (mycelial growth inhibition).

Alternaria alternata Aspergillus flavus Aspergillus parasiticus Penicillium expansum
Essential oils Cg/:)lc- linear growth R % linear growth R % gligsjltlil R % glir(:::}tlil R % LSD 5%
(mm) (mm) (mm) (mm)
Cinnamon oil 0.25 % i%g(()) a 100 il(iioab 83.13 i?)(l)g a 100 i%qg a 100 1.0052A
0.125 % ilg..g?b 62.86 :g:;)?c 43.75 fgéoooc 60.00 fg:fgd 15.63
Fennel oil 0.25 % 1103,.35103‘3 74.29 :5:3530 46.87 iz()s..lOOOC 66.67 jg:?;)c 31.25 1.0052B
0.50 % i%?ﬁ a 81.90 fg;glob 65.62 ilos.'sooob 80.00 fg,ggb 68.75
The mixture of 0.125 % ilg_g(())b 71.43 i107,'15403b 78.12 j:l()3,;1510b 82.00 izgé)gb 72.50
Clilézi:;(:)lillfz 0.25 % n 50(1% a 100 ilos.boloab 81.25 i%)(.)_;ggb 86.67 n %(i% a 100 1.0A052
Control 52.50 £ 0.64° 80.00+0.154 75.00 £0.22 ¢ 80.00+0.35°¢ 1.0052C
LSD 5% 1.1338 A 1.1338 B 1.1338 AB 1.1338 B

Results are mean values of three replicates + standard deviation. The different letters in each column indicate significant differences at P<05, R % = Reduction percent
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1% sl
Fig. 2: Alt= Alternaria alternata, A.F= Aspergillus flavus, A.P= A.parasiticus, Pen= Penicillium
expansum, CC1= Cinnamon oil (0.125 %), CC2 = Cinnamon oil (0.25 %), CC3= Cinnamon oil
(0.50 %), FC1= Fennel oil (0.125 %), FC2= Fennel oil (0.25 %), FC3= Fennel oil (0.50 %),
F+C Cl1= Mixture of Cinnamon and Fennel oils (1:1) (0.125 %), F+C C2= Mixture of
Cinnamon and Fennel oils (1:1) (0.25 %), F+C C3= Mixture of Cinnamon and Fennel oils (1:1)
(0.50 %).

3.6. In vivo assessment of antifungal activity of cinnamon and fennel essential oils on tomato fruits
spoilage

The antifungal activity of cinnamon and fennel essential oils and their mixture were evaluated by
employing 0.50 % conc. on tomato fruits spoilage caused by mycotoxigenic fungi (Alternaria alternata,
Aspergillus parasiticus, and Penicillium expansum) in vivo. Data in Table 6 and Fig. 3 indicated that
cinnamon and fennel essential oils and their mixture reduced significantly (P < 0.05) the fungal growth
of the tested fungi on tomato fruits compared with untreated control.

Table 6: In vivo assessment of antifungal activity of cinnamon and fennel essential oils on tomato fruits

spoilage.
Alternaria Aspergillus Penicillium
Conc alternata parasiticus expansum
Essential oils : Linear Linear Linear LSD 5%
growth R % growth R % growth R %
(mm) (mm) (mm)
. . 0.50 12.00 15.00 15.00 0.1275
Cinnamon oil % 40.10° 65.71 £0.10° 57.14 £0.17° 64.71 A
. 0.50 17.50 16.00 21.00 0.1751
Fennel oil % 40220 50.00 0350 54.29 £0.10° 50.59 A
The mixture
. 0.50 15.00 16.00 20.00 0.1997
of Cmnam(-)n % 40302 57.14 £020° 54.29 0270 52.94 A
& Fennel oils
Control 35.00 £0.21° 35.00+0.10° 42.50+0.34° 0.6164 B
LSD 5% 0.6538 A 0.5602 A 0.7528 A

Results are mean values of three replicates + standard deviation. The different letters in each column indicate significant
differences at P<05. R % = Reduction percent
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Fig. 3: Alt= Alternaria alternata, A .P= A.parasiticus, Pen= Penicillium expansum, C= Cinnamon oil
(0.50 %), F= Fennel oil (0.50 %), F+C = Mixture of Cinnamon and Fennel oils (1:1) (0.50 %).

On the other hand, cinnamon oil recorded 65.71%, 64.71%, and 57.14 % reduction for Alternaria
alternata, Penicillium expansum, and A. parasiticus growth on tomato fruits respectively; while fennel
oil reduced the mycelial growth of A. parasiticus, Penicillium expansum, and Alternaria alternata on
tomato fruits with 54.29 %, 50.59 % and 50.00 % reduction respectively. On the other hand, the
combination of cinnamon and fennel essential oils recorded 57.14 %, 54.29 %, and 52.94 % reduction
for Alternaria alternata, A. parasiticus, and Penicillium expansum growth on tomato fruits respectively.

4. Discussion

Tomato, scientifically known as Solanum Iycopersicum, is widely considered the most popular
vegetable globally. However, due to its high moisture content, tomatoes are prone to spoilage at a high
rate. This is a concern because various harmful fungi that lead to diseases are extensively studied, as
they negatively impact the productivity and quality of tomato fruits (Lamidi et al., 2020). A total of
1373 fungal isolates belonging to nine different fungal species were obtained from tomato fruit samples
from six different locations. The identified species included Alternaria alternata, Aspergillus niger, A.
flavus, A. parasiticus, Colletetrichum sp., Geotrichum candidum, Mucor sp., Penicillium expansum,
and Rhizopus stolinifer. Among these, Geotrichum candidum (61.76%), Colletetrichum sp. (29.86%),
and Altarnaria alternate (4.37%) were the most predominant fungi. Similar results were detected by
Maroutti and Valente (2009), who identified 4. flavus and A. parasiticus in fresh tomato fruits and their
by-products. In the study conducted by Rodrigues and Kakde (2019), each of Aspergillus niger, A.
flavus, Fusarium oxysporum, Alternaria alternate, Colletotrichum gloeosporioides, and Rhizopus
stolonifer were frequently isolated from tomato fruits. Less frequently isolated fungi with varying
frequencies included Botrytis cinerea, Penicillium chrysogenum, Penicillium digitatum, Phoma sp.,
Cladosproium sp., and Geotrichum candidum. Aborisade et al., (2020) detected Aspergillus niger,
Aspergillus parasiticus, yeast, Fusarium sp., and Penicillium sp. in spoiled tomato samples from
Nigeria. Lamidi et al., (2020) isolated Aspergillus spp., Penicillium spp., Rhizopus spp., and Fusarium
spp. from tomato fruits purchased at the Anyigba main market, with Aspergillus spp. being the most
frequently encountered and Fusarium spp. being the least common. Ktape¢ ef al., (2021) identified
various fungal species, including Acremonium spp., Alternaria spp., Aspergillus spp., Cladosporium
spp., Fusarium spp., Mucor spp., Penicillium spp., Phoma spp., and Trichoderma spp. in tomato fruits.
Sanzani et al., (2021) reported that out of 71 fungal isolates from tomato fruits, 37% were from the
Penicillium genus, 34% from Aspergillus, 18% from Alternaria, and 11% from other fungal genera such
as Rhizopus and Fusarium. Slama et al., (2022) identified Alternaria alternata, Penicillium olsonii,
Ulocladium atrum, Phytophthora nicotianae, and Aspergillus fumigatus as the five fungi most
commonly found in tomato fruits. These variations in fungal species can be attributed to climatic factors
such as rainfall and temperature. Temperature and humidity play crucial roles in the growth of fungal
pathogens on vegetable fruits and significantly impact the occurrence and severity of fungal diseases in
plants (Rodrigues and Kakde 2019). Additionally, the high number of fungal colonies isolated from
tomatoes could be due to physical damage and punctures that may occur during harvesting and post-
harvest activities such as transportation, storage, marketing, and poor handling, which provide entry
points for microbial contamination (Hayatu 2000).
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Tomatoes are highly vulnerable to fungal colonization due to their soft outer skin and high
moisture content (Moss 1984). Furthermore, some of these fungi can produce mycotoxins that pose
risks to both human and animal health (Sanzani et al., 2019). The contamination of food by mycotoxin-
producing fungi, particularly those from the Alternaria, Aspergillus, Fusarium, and Penicillium genera,
is a major global concern that threatens food safety and human well-being (Alizadeh et al., 2022).
Determination of the mycotoxins produced by mycotoxigenic fungi (4/ternaria alternata, A. flavus, A.
parasiticus, and Penicillium expansum) isolated from tomato fruits resulted that, Alternaria alternata
isolates No. (2 & 29) from locations D & A produced Alternariol toxin at levels of 1.410 pg/ml and
1.100 pg/ml respectively, and A. parasiticus isolate No. (1) from location A was found to produce
aflatoxins (0.014 pg/ml (0.002 AFB2 and 0.012 AFG2). Furthermore, Penicillium expansum isolate
(No. 1) from location B produced citrinin at a concentration of 1.880 pg/ml. Similar findings were
reported by Harwig et al., (1979), who identified the production of citrinin by a Penicillium expansum
isolate from tomatoes at levels up to 0.76 pg/g. Andersen and Frisvad (2004) also mentioned that P.
expansum isolated from tomato fruits can produce citrinin in pure culture. Moreover, Muhammad et al.,
(2004) detected aflatoxins in rotten tomatoes from various markets in Sokoto, Nigeria, indicating the
association of 4. flavus with aflatoxin production in tomato fruits. Kalyoncu et al., (2005) found that
among the species isolated from tomatoes, Aspergillus flavus and A. parasiticus were potential
mycotoxin producers, specifically aflatoxins. Maroutti and Valente (2009) reported the identification
of A. flavus and A. parasiticus, as well as the presence of aflatoxins, in fresh tomatoes and tomato by-
products such as pulp, paste, purée, ketchup, dehydrated tomatoes, and dried tomatoes preserved in oil.
In Lebanon, Habib ez al., (2021) assessed the ability of forty-nine Alternaria strains isolated from
diseased tomato samples to produce mycotoxins such as alternariol monomethyl ether (AME),
alternariol (AOH), altenuene (ALT), and tenuazonic acid (TeA). They found that the majority of tested
strains produced AOH, AME, and ALT. Ktape¢ et al., (2021) reported a prevalence of 60.0% for total
aflatoxin in forty-five tomato samples in Poland, with a recorded rate of 20.0% for aflatoxin B1. In Iran,
Alizadeh et al., (2022) found that Alternaria spp. were the main mycotoxin-producing fungi in tomato
samples. These fungi were responsible for the production of alternariol, alternariol monomethyl ether,
and tenuazonic acid. The accumulation of mycotoxins in agricultural food products is influenced by
various environmental conditions that impact both pre-harvest mold development and subsequent
mycotoxin production (Magan et al., 2011). Intrinsic factors of tomatoes, such as pH levels (4.2—4.3)
and water activity (aw) (Suleiman et al., 2017), create conditions favorable for fungal growth and
mycotoxin production (Cabral et al., 2019). Certain mycotoxin-producing fungi, including Penicillium
patulum, Alternaria citri, and specific species of Aspergillus, can thrive in low water activity conditions
(0.84-0.64) (Suleiman et al., 2017). This can raise concerns regarding the production of mycotoxins in
tomatoes.

Gas-chromatography mass-spectrometry (GC-MS) is a widely used analytical technique for
identifying phyto-constituents in plant materials (Ahmad et al., 2018). Using GC-MS, the essential oils
of cinnamon and fennel were analyzed, resulting in the detection of seven compounds in cinnamon oil
and seventeen compounds in fennel oil. The major constituent in cinnamon oil was cinnamaldehyde,
accounting for 69.6% of the oil, while in fennel oil; the concentration of cinnamaldehyde was 0.24%.
Previous studies conducted in different regions have also identified cinnamaldehyde as the main volatile
substance in cinnamon essential oil (Farias et al., 2020; Gotmare and Tambe 2019; Li et al.,, 2021,
Valkova et al., 2022). On the other hand, the major constituent in fennel oil was found to be estragole,
comprising 92.78% of the oil. This finding is consistent with studies conducted by multiple researchers
(Abd-Elhafeez et al., 2023; Afifiet al., 2021; Wodnicka et al., 2019). However, in China, He and Huang
(2011) reported that fennel essential oil had relatively high concentrations of a-phellandrene, o-pentene,
and fenchone, while estragole and (E)-anethole were present in low amounts. On the other hand, various
compounds were also identified in cinnamon and fennel essential oils such as benzene methanol, which
was detected in both oils, with concentrations of 26.06% and 0.19% for cinnamon and fennel oils,
respectively. Cinnamon oil also contained eugenol (3.1%), 5-(isothiocyanate)hept-1-en-6-yne (0.58%),
2-propenal, 3-phenyl- (0.54%), butanoic acid, 3-oxo-, phenylmethyl ester (0.07%), and cinnamaldehyde
propylene glycol acetal (0.04%). These findings align with previous studies. For instance, El-Baroty et
al., (2010) reported that cinnamon essential oil in Egypt primarily consisted of 2-propenal, 3-phenyl,
and eugenol. In Turkey, Kaskatepe ef al., (2016) identified cinnamaldehyde propylene glycol acetal in
cinnamon essential oil. In Slovakia, Valkova et al., (2022) reported that the main component of
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cinnamon essential oil was eugenol. While other compounds were detected in fennel oil in the current
study, including citral (3.31%), limonene (2.04%), fenchone (0.33%), a-pinene, (-)- (0.30%), trans-
anethole (0.25%), trans-4-methoxycinnamaldehyde (0.18%), B-myrcene (0.14%), benzaldehyde, 3-
methoxy-(3-anisaldehyde) (0.14%), a-thujone (0.06%), 2-propenoic acid, 3-phenyl-, methyl ester (t-
methyl cinnamate) (0.02%), and B-gurjunene (0.01%). These compounds identified in the current study
were similar to those found in previous studies. In Morocco, Khalid ez al., (2015) reported that the
analysis of essential oils obtained from Foeniculum vulgare Mill seeds revealed the presence of various
compounds. These include trans-anethole, estragole, a-pinene, limonene, o-thujone and fenchone. In
Saudi Arabia, Alam et al., (2019) discovered that the main compounds in the methanolic extract of F.
vulgare were trans-anethole, fenchone, benzaldehyde-3-methoxy, and D-Limonene. In Egypt, Afifi et
al., (2021) identified trans-anethole , fenchone, limonene, p-anisaldehyde, myrcene, and a-pinene in F.
vulgare fruit oil in Fayoum and Minia. While Abd-Elhafeez et al., (2023) conducted GC/MS analysis
of fennel essential oil and detected estragole, trans-anethole, D-limonene, fenchone, B-myrcene, and Z-
citral. These quantitative and qualitative variations in the chemical composition of essential oils seen in
different countries can be attributed to various factors, including agro-climatic factors such as
temperature, humidity, climate conditions, and the time of plant collection (Shahat et al, 2011).
Geography also plays a role (Diaz-Maroto et al., 2006; Raal et al., 2011), as well as the cultivated
variety and the method of extraction (Hammouda et al., 2013). Furthermore, the analysis conditions of
essential oils can have a controversial effect on their composition (Diaz-Maroto ef al., 2006).

The use of plant products, particularly essential oils, has shown great promise in the development
of safer antifungal agents (Varma and Dubey 2001). Evaluation of the antifungal activity of cinnamon
and fennel essential oils and their mixture against various fungi (Alternaria alternata, Aspergillus
flavus, A. parasiticus, and Penicillium expansum) using different concentrations (0.125%, 0.25%, and
0.50%) resulted that, cinnamon and fennel essential oils and their mixture reduced significantly the
fungal growth of the tested fungi at all concentrations used compared with untreated control. The
inhibitory effect on fungal growth increased with increasing the concentrations of the oils. On the other
hand, cinnamon oil and its combination with fennel oil exhibited the highest antifungal activity. Where
cinnamon oil completely inhibited the growth of Alternaria alternata, A. parasiticus, and Penicillium
expansum at all concentrations and inhibited A. flavus growth at a concentration of 0.50%. The
combination of both oils also completely inhibited the growth of Alternaria alternata and Penicillium
expansum at concentrations of 0.25% and 0.50%, and A. flavus at 0.50%. These findings align with
previous studies, such as Juglal ez al., (2002), who found that cinnamon and turmeric oils were effective
against mycotoxin-producing moulds (Aspergillus parasiticus and Fusarium moniliforme), where
cinnamon oil completely suppressed the growth of A. parasiticus. Wodnicka et al., (2019) evaluated
the fennel essential oil cultivated in Poland and Egypt and found that it exhibited varied activity against
tested strains of pathogenic fungi (Al/tarnaria alternate, Fusarium avenceum, F. culmorum, F.
graminarum and Penicillium ochrochloron). Devecioglu et al., (2022) reported that cinnamon essential
oil showed antifungal activity against Penicillium carneum, Aspergillus flavus, and A. niger. Naz et al.,
(2022) evaluated the essential oils of eight medicinal plants for their antifungal activity against
mycotoxigenic fungi (Aspergillus parasiticus) and found that Cinnamomum verum exhibited the highest
antifungal activity. Finally, Abd-Elhafeez et al., (2023) found that fennel essential oil exhibited a
significant antifungal effect against Aspergillus flavus, Aspergillus niger, Cladosporium
sphaerospermm, Mucor racemosus, Penicillium chrysogenum, and Rhizopus arrhizus.

Mycotoxigenic fungi pose a threat to agricultural crops and food safety (Who 2018). While
fungicides can control fungal diseases, they have adverse effects on human health (Juroszek and Von
Tiedemann 2011). Therefore, natural alternatives are reliable sources for plant disease control (Mehta
and Sharma 2016). Essential oils (EOs) are important alternatives that play a crucial role in plant
protection and food preservation by managing plant pathogenic fungi and improving crop safety and
quality (Bhavaniramya et al., 2019). Evaluation of the antifungal activity of cinnamon and fennel
essential oils, as well as their mixture (at a concentration of 0.50%), on mycotoxigenic fungi (4/ternaria
alternata, Aspergillus parasiticus, and Penicillium expansum) causing tomato fruit spoilage in vivo
resulted that, significant reductions in fungal growth compared to the untreated control. It was also
noted that there were only synergistic effects and no antagonistic effects when the essential oils were
combined. These findings are consistent with previous studies, such as Abd-El-Aziz (2003), who
reported that cinnamon and camphor oils effectively reduced decay incidence in tomato fruits

498



Middle East J. Appl. Sci., 13(4): 486-504, 2023
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2023.13.4.32

artificially inoculated with Alternaria alternata. Similarly, Mostafa et al., (2007) tested the
effectiveness of fennel oil in controlling tomato fruit rot diseases caused by Alternaria tenuis and
Stemphylium botryosum during storage at different temperatures and found that fennel oil significantly
reduced the incidence of fruit rot diseases caused by the tested fungi. Abdolahi et al., (2010) observed
that the essential oils of fennel, ajowan, and caraway exhibited inhibitory effects on tomato fruit
infections caused by Alternaria alternate and Penicillium digitatum, where Fennel and ajowan oils were
the most effective, and the inhibitory effects of the essential oils were dose-dependent. Raafat et al.,
(2016) tested the effect of cinnamon and spearmint oils on cherry tomato fruits with spoilage pathogens
(Alternaria alternate and Botrytis cinerea) and observed that, a higher efficacy against 4. alternaria
compared to B. cinerea for cinnamon and spearmint oil. Kalleli et al., (2019) reported that treatment
with fennel oil suppressed Fusarium wilt in tomato plants after two weeks from artificial inoculation
with Fusarium oxysporum. The variation in the antifungal activity of cinnamon and fennel essential oils
may be attributed to factors such as the specific properties and metabolic capabilities of the pathogenic
strains, as well as differences in the chemical composition of the oils. The antifungal properties of
essential oils may be linked to the presence of specific bioactive substances in their composition
(Bakkali et al., 2008). Where Kazemi et al., (2012) reported that the antifungal activity of fennel oil is
associated with compounds like estragole, trans-anethole, fenchone, and limonene. Valkova et al.,
(2022) suggested that (E)-cinnamaldehyde and eugenol might be responsible for the antifungal effects
of cinnamon essential oil. Moreover, the synergistic effects observed when combining cinnamon and
fennel essential oils could be attributed to the combined action of all their components. Where Bocquet
etal., (2018) confirmed that, the interactions between the essential oil components significantly enhance
their biological activity. This synergistic effect would be beneficial in protecting fruits and vegetables
during postharvest, as it reduces the likelihood of pathogens developing resistance to the individual
components (Bagamboula et al., 2004). Researches have also demonstrated that the overall antifungal
activity of essential oils is greater than the individual effects of even the most potent compounds (Terzi
etal., 2007).

5. Conclusion

The current study demonstrated that, various types of fungi were associated with tomato fruits,
including mycotoxigenic fungi which produced several mycotoxins that caused potential health hazards
to humans. On the other hand, based on in vitro and in vivo assays, it can be concluded that, a significant
impact of cinnamon and fennel essential oils as well as their combination on inhibiting the growth of
mycotoxigenic fungi was observed in tomato fruits. Moreover, the findings revealed that the cinnamon
oil alone and its combination with fennel oil which generated synergistic and additive effects resulted
in higher antifungal activity against the tested fungi. Therefore, the application of various plant essential
oils can serve as an eco-friendly approach for managing diseases in tomato fruit production, as these
oils are characterized by their environmental safety, economic feasibility, absence of residual issues,
and cost-effectiveness, making them valuable alternatives to synthetic products.
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