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Abstract: The aim of this research is to isolate and identify the fungi associated with infected fig fruits in different 
Governorates in Egypt (Alexandria, Qalubia, Ismailia, Giza and Sinai), as well as study their ability to produce 
aflatoxins. Samples of fresh fig fruits were collected, small slices of peel were disinfected and transferred to Petri-dishes 
containing PDA medium and incubated at 25ºC for 5 days. The higher total fungal counts as 201, 111 and 102 isolates 
were recorded on the samples from Qalubia, Sinai and Ismailia, respectively and the least as 48 isolates was found on 
samples from Giza. Seven fungal genera were identified (Alternaria tenuis, Aspergillus flavus, A. niger, A. parasiticus, 
A. terreus, Botryodiplodia theobromae, Cladosporium sp., Fusarium solani, Penicillium sp. and Rhizopus sp.). All 
Aspergillus genera produced mycotoxins except Aspergillus terreus which was negative producer of mycotoxins (AFB1, 
AFB2, AFG1 and AFG2). 
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INTRODUCTION 

Edible figs (Ficus carica L.) is a deciduous 
tree or shrub belonging to the Moraceae family 
and native to Asia Minor, from where it spread 
into the Mediterranean regions. 

The fig is a nutritious fruit, rich in fibers, 
potassium, calcium, iron and is free of sodium, fat 
and cholesterol (Stover et al., 2007). Additionally, 
figs are an important source of vitamins, amino 
acids and antioxidants (Solomon et al., 2006). 

In Egypt, figs are widely grown in North 
West Coast and North Sinai and the total 
cultivated area is about 69865 Acer. Egypt is the 
second largest producer of fig worldwide after 
Turkey with annual production of 176.105 tons 
per year according to FAOSTAT (2014). 

Fungal infection of the fig fruits may occur 
during the growing season, harvesting, handling, 
transport and post-harvest storage and marketing 
conditions. The fig fruits contain high levels of 
sugars, nutrients, and with low pH the fruits are 
vulnerable to fungal decaying (Singh and Sharma, 
2007). About 70% of crop diseases were due to 
fungi causing high economic losses, major crop 
disease and postharvest losses of agriculture 
products (Agrios, 2005). 

The problem of fig fruits is the developing 
of fungal decay inside the fig fruits; furthermore 
ostiole size seems to be correlated with the 
incidence of fungal decay and with poor quality of 
fruit (Ferguson et al., 1990). 

Doster and Michailides (2007) and 
Coviello et al. (2009) reported that the major fruit 
disease affecting figs are smut in dried fruits 
caused by Aspergillus niger, Alternaria rot caused 
by (Alternaria alternate or other Alternaria spp. 
and often associated with other fungi such as 
Cladosporium herbarum or Ulocladium atrum), 

gray mold or Botrytis rot (caused by Botrytis 
cinerea), fig endosepsis (caused by Fusarium 
moniliforme and other Fusarium spp.) and sour rot 
or souring (caused by various yeasts and bacteria 
including species in the genus Hanseniaspora, 
Saccharomyces, Pichia or Bacilli). They also 
found that Aspergillus flavus and A. parasiticus 
can produce the mycotoxins known as aflatoxin. 

Sekar et al. (2008) identified Aspergillus 
flavus, A. niger, Rhizopus sp., Mucor sp. and 
Penicillium sp. from different samples of figs, 
maize, dates and grapes which collected from 
storage shops.  

Bhale (2011) stated that the common 
postharvest and storage fungi of fig fruits are 
Alternaria spp., Aspergillus spp., Fusarium spp. 
and Penicillium spp.  

Embaby et al. (2012) isolated 140 isolates 
from fresh figs and 80 isolates from dried figs. 
Five fungal genera were identified i.e. Alternaria, 
Aspergillus, Fusarium, Mucor and Rhizopus from 
fresh and dried figs. Some isolates of Aspergillus 
were positive producer of aflatoxins while the 
others were negative producer. 

Saadullah and Abdullah (2014) collected 
samples from four types of dried fruits (apricot, 
fig, grapes and plum). A total of 20 species of 
Aspergillus were isolated on Dichloran Rose 
Bengal Chloramphenicol Agar medium (DRBC 
medium). Aspergillus awamori, A. carbonarius, A. 
flavus, A. fumigatus, A. japonicas, A. niger, A. 
ochraceus, A. parasiticus and A. tubingensis were 
detected from all types of dried fruits. 

Farjood and Banhashemi (2013) isolated 24 
Aspergillus species from soil, leaf and fig fruit 
samples. The Aspergillus species percentages were 
A. alliaceus (3.13), A. carbonarius (7.44), A. 
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flavus (35.1), A. fumigatus (6.38), A. japonicus 
(2.13) and A. terreus (2.13). 

The present research aims to isolate and 
identify the fungi associated with fig fruits in 
different regions in Egypt, as well as study their 
ability to produce aflatoxins. 

 
MATERIALS AND METHODS 

This work was carried out during the 
seasons 2015-2017 at the Laboratory of Plant 
Pathology, Department of Agricultural Botany, 
Faculty of Agriculture, Suez Canal University. 

Samples of fresh fig fruits (Ficus carica L.) 
were collected from Alexandria, Giza, Ismailia, 
Qalubia, and Sinai Governorates in Egypt, put into 
sterile polyethylene bags. Date and place of 
samples collections were recorded, and then the 
bags were sealed properly and brought into the 
laboratory of plant pathology for further studies. 

Fig fruits were washed with tap water 
followed by sterile distilled water several times. 
Then they were surface sterilized by dipping in 
1% sodium hypochloride (NaOCl) for 2 min., after 
that, the fruits were washed twice with sterile 
distilled water. Small slices of peel from sterilized 
fruits were again disinfected with 0.5% NaOCl for 
1 min, followed by rinsing with sterile distilled 
water and dried on sterilized filter papers. The 
slices were transferred to Petri-dishes containing 
Potato Dextrose Agar medium (PDA) and 
incubated at 25ºC for 5 days. Fungal growth on 
fruits were isolated and purified on PDA slant. 

All fungal isolates (7-14 days old) were 
identified in Plant Pathology Dept., Faculty of 
Agriculture, Suez Canal University, based on 
cultural and morphological characteristics on 
specific PDA medium according to Maren and 
Johan (1988) for genus Aspergillus, Nelson et al. 
(1983) for Fusarium, and Barent and Hunter 
(1977) for the genera of imperfect fungi, Singh et 
al. (1991) for either Aspergilli, Fusaria, and 
Penicillia, Samson and Varga (2007), Watanabe 
(2010), Oranusi and Wesley (2012), Agwa et al. 
(2014) and El-Fadaly et al. (2015). 

All identified fungi were cultured on PDA 
slants (Tournas and Katsoudas, 2005) and stored 
at 4ºC until used. Total fungal counted and 
frequency percent of naturally occurred fungi in 
fruit samples were calculated.  

Mycotoxin analysis: 

Samples of fresh fig fruits were prepared 
according to the method described by (AOAC, 
2007) in Food Toxicology and Contamination 
Dept. National Research Center (NRC) for 
detection of aflatoxins (AFs). 

To prepare spore suspension, spores from 
colonies (6-10 days old) of Aspergillus flavus, 
Aspergillus niger, Aspergillus parasiticus, and 
Aspergillus terreus were collected by adding 5 ml 
of sterile distilled water to each Petri dish 

containing spores and rubbing the surface with a 
sterile L-shaped spreader (3 times). The 
suspension was collected and then centrifuged at 
room temperature (Tzortzakis, 2009). The 
suspension was diluted with the sterile water to 
obtain the spore suspension (105 spores/ml). 

Mycotoxins were detected using 100g of 
fig fruits which were surface sterilized with 70% 
ethanol and then wounded. Five microliters of the 
spore suspension at 105 CFU/ml were injected into 
each wound then incubated at 26ºC for 15 days.  

Aflatoxins AFB1, AFB2, AFG1 and AFG2 
were determined in artificially inoculated fig fruits 
using High Performance Liquid Chromatography 
(HPLC) according to (AOAC, 2007). 

The HPLC instrument used for aflatoxins 
determination was waters (474) system, equipped 
with the quaternary pump fluorescence detector 
set system at 360 nm excitation and 440 nm 
emission wave lengths. The chromatography 
column was phenomenex c18 (250 x 4.6 mm), 5 
μm. The mobile phase was water: methanol: 
acetonitrile (H2O: MeOH: CH3CN) 3:1:1v/v/v) 
was isocratically at a flow rate of 1 ml/min (Han et 
al., 2004). 

Data were collected and integrated using 
Total Chrome Navigator Chromatography 
Manager Software. 

 
RESULTS AND DISCUSSION 

Isolation and Identification of Fungi: 

Data in Figure (1) showed that, fig fruit samples 
from Qalubia area gave the highest total fungal count as 
201 isolates of fungi equal 37.43% comparing with 
other governorates. Sinai samples produced 111 isolates 
equal 20.67% then, Ismailia samples which recorded 
102 isolates of fungi equal 18.99%. The least total 
fungal isolates with 48 isolates equal 8.94% was found 
on the fig fruit samples from Giza. 

Fungal frequency: 

The fungal frequency detected with rotted 
fig fruits samples from the different governorates 
in Egypt is presented in Table (1). The fungal 
species which belong to seven genera were 
identified. These were Alternaria tenuis, 
Aspergillus flavus, Aspergillus niger, Aspergillus 
parasiticus, Aspergillus terreus, Botryodiplodia 
theobromae, Cladosporium sp., Fusarium solani, 
Penicillium sp. and Rhizopus sp. (Figures 2-8). 

Also, data showed that, the genus 
Aspergillus was the most frequently isolated 
fungus with 303 isolates. Eighteen of these 
isolates (3.35%) for Aspergillus flavus, 186 
isolates (34.64%) for Aspergillus niger, 81 isolates 
(15.08%) for Aspergillus parasiticus and 18 
isolates (3.35%) for Aspergillus terreus. 

The detected fungi which followed genus 
Aspergillus were Rhizopus sp. which recorded 63 
isolates (11.73%), Penicillium sp. 45 isolates 



Identification of Fungi and Detection of Mycotoxins Associated with Infected Fig Fruits 3 
 
(8.38%), Cladosporium sp. 42 isolates (7.82%), 
Alternaria tenuis 36 isolates (6.70%), Fusarium 
solani 36 isolates (6.70%) and Botryodiplodia 
theobromae was the fungal species occurred with 
12 isolates (2.23%). 

Briefly, data showed that Aspergillus niger 
was the higher fungal frequency (34.64%) 
associated with fig fruits samples. Whereas, 
Botryodiplodia theobromae was the lowest fungal 
frequency (2.23%) followed by Aspergillus flavus 
and Aspergillus terreus (3.35%). 

 

 
Fig. (1): Total count and percentages of fungi associated with rotted fig fruits from different governorates in Egypt 

 
 
Table (1): Fugal frequency associated with rotted fig fruits from different governorates in Egypt 

Fungal isolates 

Governorates 
Total 

Alexandria Giza Ismailia Qalubia Sinai 

T.C.F % T.C.F % T.C.F % T.C.F % T.C.F % T.C.F % 

Alternaria tenuis ND 0.00 9.00 1.68 9.00 1.68 ND 0.00 18.00 3.35 36.00 6.70 

Aspergillus flavus 3.00 0.56 ND 0.00 9.00 1.68 3.00 0.56 3.00 0.56 18.00 3.35 

Aspergillus niger 18.00 3.35 18.00 3.35 30.00 5.59 75.00 13.97 45.00 8.38 186.00 34.64 

Aspergillus 
parasiticus 

9.00 1.68 9.00 1.68 15.00 2.79 30.00 5.59 18.00 3.35 81.00 15.08 

Aspergillus terreus ND 0.00 ND 0.00 3.00 0.56 15.00 2.79 ND 0.00 18.00 3.35 

Botryodiplodia 
theobromae 

3.00 0.56 ND 0.00 ND 0.00 9.00 1.68 ND 0.00 12.00 2.23 

Cladosporium sp. 30.00 5.59 ND 0.00 ND 0.00 12.00 2.23 ND 0.00 42.00 7.82 

Fusarium 
Solani 

3.00 0.56 3.00 0.56 3.00 0.56 18.00 3.35 9.00 1.68 36.00 6.70 

Penicillum sp. ND 0.00 ND 0.00 18.00 3.35 18.00 3.35 9.00 1.68 45.00 8.38 

Rhizopus sp. 9.00 1.68 9.00 1.68 15.00 2.79 21.00 3.91 9.00 1.68 63.00 11.73 

Total 75.00 13.97 48.00 8.94 102.0 18.99 201.00 37.43 111.0 20.67 537.00 100.0 

ND= Not detected         T.C.F= Total count of fungi       %= Fungal frequency occurred 

These results were in agreement with 
Embaby et al. (2012) who isolated 140 isolates 
from fresh figs and 80 isolates from dried figs. 
Five fungal genera were identified as Alternaria, 
Aspergillus, Fusarium, Mucor and Rhizopus from 
fresh and dried figs. Some isolates of Aspergillus 
were positive producer of aflatoxins, while the 
others were negative producer. Embaby et al. 
(2014) isolated Alternaria citri, Botryodiplodia 
theobromae, Fusarium sp., Penicillium digitatum 
and Penicillium italicum from citrus fruits and 
reported that the genus Penicillium had the most 

isolation frequency from both Behira and 
Qalyoubia governorates in Egypt. 

In the present study, results revealed that 
Aspergillus niger was the most frequently isolated 
fungal species (34.64%) followed by A. 
parasiticus by (15.08%), whereas A. flavus and A. 
terreus by (3.35%) for each. This is in line with 
data presented by Saadullah and Abdullah (2014) 
who found that the most fungal species isolated 
from figs were A. niger followed by A. flavus, A. 
carbonarius and A. parasiticus with a percentage 
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frequencies of 76.65%, 66.6%, 33.1% and 33.1%, 
respectively. 

Aspergillus flavus and A. niger were 
reported as being the most common species on 
dried figs, Pitt and Hocking (2009). Also Embaby 
et al. (2012) noted that A. niger, A. flavus and A. 
parasiticus were the most frequent species on 
dried figs in Egypt. Similar results were reported 
by Doster et al. (1996) from figs in California. 

Javanmard (2010) found that the most frequently 
isolated species from Iranian figs was A. niger 
aggregate (90%) followed by A. flavus (63.76%). 

To explain these results, high incidence of black 
Aspergillus can be referred to their black spores that can 
provide protection from sunlight and ultraviolet light, 
giving them competitive advantages, these fungi are 
xerophilic, thus can tolerant high sugar concentrations 
and low water activity (Iamanaka et al., 2005). 

 

 

 
Fig. (2): Natural infected fig fruits in the orchard (left); healthy fig fruits (right)  

 

 
Fig. (3): Alternaria spores under light microscope 

 

 
Fig. (4): Aspergillus sp. under light microscope  
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Fig.(5): Fig fruits infected with Aspergillus niger Fig.(6): Aspergillus niger under light microscope 
 
 

 
Fig. (7): Botryodiplodia spores under light microscope 

 
 

 
Fig.(8): Fig fruits infected with Rhizopus sp. 
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Mycotoxin production by Aspergillus genera 

Aspergillus flavus, Aspergillus niger, 
Aspergillus parasiticus and Aspergillus terreus 
were tested using thin layer chromatography 
(TLC) for production of mycotoxins. 

Identification of aflatoxins could easily be 
deduced from the constant retention time 

compared with the standard spiked in the HPLC 
chromatogram. In this regard, Figure (9) showed 
the standard curve of Mycotoxin production of 
Aflatoxin (AFB1, AFB2, AFG1 and AFG2), while 
Figures (10, 11, 12 and 13) presented the 
Aflatoxins produced by Aspergillus flavus, 
Aspergillus niger, Aspergillus parasiticus and 
Aspergillus terreus, respectively. 

 

 
Fig. (9): Standard curve of Mycotoxin production of Aflatoxins (AFB1, AFB2, AFG1 and AFG2) 

 

 
Fig. (10): Aflatoxins produced by Aspergillus flavus 

 

 
Fig. (11): Aflatoxins produced by Aspergillus niger 
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Fig. (12): Aflatoxins produced by Aspergillus parasiticus 

 

 
Fig. (13): Aflatoxins produced by Aspergillus terreus 

 
 

Data in Table (2) reveled that all 
Aspergillus genera produced mycotoxin except 
Aspergillus terreus which was negative producer 
of mycotoxins (AFB1, B2, G1 and G2). 

On the other hand, A. flavus produced 
AFB1, AFB2 and AFG1 with concentrations 0.01 
ng/ml, 0.05 ng/ml, 0.01 ng/ml, respectively and 

AFG2 not detected. A. niger produced AFG1 and 
AFB2 with concentration 1.00 and 0.01 ng/ml, 
respectively, while, AFB1 and AFG2 were not 
detected. A. parasiticus produced AFB1 and 
AFG1 with concentrations 0.36 and 0.12 ng/ml, 
respectively while; AFB2 and AFG2 were not 
detected.

 
Table (2): Production of mycotoxin from different species of Aspergillus genera 

Fungal isolates 
Mycotoxin (ng/ml) 

AFB1 AFG1 AFB2 AFG2 Total 

Aspergillus flavus 0.01 0.01 0.05 ND 0.02 

Aspergillus niger ND 1.00 0.01 ND 1.01 

Aspergillus parasiticus 0.36 0.12 ND ND 0.48 

Aspergillus terreus ND ND ND ND ND 

ND= not detected 
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Aflatoxins are secondary toxic metabolites 
produced by certain isolates of Aspergillus flavus, 
A. nomius and A. parasiticus however not all 
isolates are toxigenic. 

The ability to synthesize aflatoxins is strain 
dependent and occurs in the fungal hyphae, 
conidia and sclerotia. Maximum mycotoxin level 
are encountered when fungal mycelium reach an 
optimum level (Varma and Verma, 1987; Baird et 
al., 2006). 

These findings are similar to these of 
Abramson and Clear (1996) who found that four 
strains of Aspergillus parasiticus were producing 
of B1, B2, G1 and G2 aflatoxins, Aspergillic acid 
and Kajic acid, detection of agar plates of A. flavus 
and A. parasiticus showed aflatoxins after 21 days 
and it was confirmed by TLC. 

Our results are in agreement with Kheiralla 
(1994) who found that three isolates of Aspergillus 
flavus produced aflatoxins B1 and B2. One isolate 
of A. parasiticus produced B1, B2, G1 and G2. 
Previous studies of Doster et al. (1996) found that 
the high level of aflatoxins (>100 ng/g) were 
detected in 83% of figs infected by A. parasiticus 
and 38% of the figs infected by A. flavus. 

Embaby et al. (2007) reported that 
Aspergillus niger and A. parasiticus were isolated 
from rotted apricot fruits and found that two 
isolates of A. parasiticus produced one or more of 
aflatoxins B1, B2, G1 and G2. 

Al-Abdalall (2009) found that Aspergillus 
niger produced aflatoxins B1, B2 and G2 in field 
beans. 
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 الناتجة السموم الفطریةعزل وتعریف الفطریات المسببة لأعفان ثمار التین وتحدید 

  ٣لیلي فؤاد حجاج ،١عونينادیة محمد  ،٢النبيھبة محمد عبد ، ١االلهإیمان حمدي عطا 
   مصر -الزقازیق  - جامعة الزقازیق  -كلیة العلوم  -قسم النبات ١

   مصر - الإسماعیلیة - جامعة قناة السویس -لیة الزراعة ك -قسم النبات الزراعي ٢
   مصر -الجیزة  -المركز القومي للبحوث  - قسم الفاكھة٣

 

بھ���دف  م،٢٠١٧حت���ى  ٢٠١٥أج���رى ھ���ذا البح���ث بقس���م النب���ات الزراع���ي بكلی���ة الزراع���ة جامع���ة قن���اة الس���ویس خ���لال الفت���رة م���ن      
ت����م ). الإس����ماعیلیة، القلیوبی����ة، س����یناء الجی���زة، الإس����كندریة، (محافظ����ات  ٥ع���زل الفطری����ات المس����ببة لأعف����ان ثم����ار الت���ین الم����أخوذة م����ن    

وت��م   PADتحت��وى عل��ى بیئ��ة    بت��ري أطب��اق  ف��ي تعق��یم الثم��ار وأخ��ذت منھ��ا ش��رائح وأعی��د تعقیمھ��ا م��رة أخ��رى ث��م وض��عت ھ��ذه الش��رائح            
الت����ین  وف���ي ھ���ذه التجرب����ة ت���م التع���رف عل���ى العدی���د م���ن الفطری���ات عل���ى ثم���ار          . أی���ام  ٥درج���ة مئوی���ة لم���دة     ٢٥تحض���ینھا عل���ى درج���ة    

 ,Alternaria tenuis, Aspergillus flavus, Aspergillus niger, Aspergillus parasiticus, Aspergillus terreusمنھ��ا
Botryodiplodia theobromae, Cladosporium sp., Fusarium solani, Penicillium sp. and Rhizopus sp. .

ث���م عین���ات   ). عزل���ة ٢٠١(العین���ات ال���واردة م���ن محافظ���ة القلیوبی���ة     وأثبت���ت النت���ائج أن أعل���ى مع���دل لوج���ود الفطری���ات ت���م تس���جیلھ ف���ي         
. تس���جیلھ عل���ى الثم���ار ال���واردة م���ن الجی���زة     ت���م) عزل���ة ٤٨(أق���ل وج���ود للفطری���ات   ). عزل���ة ١٠٢(وعین���ات الإس���ماعیلیة  ) عزل���ة ١١١(س���یناء 

  Botryodiplodia theobromaeالت���ین بینم���ا س���جل  عل���ى ثم���ار ٪٣٤.٦٤أعل���ى مع���دل للتواج���د بنس���بة   Aspergillus nigerس���جل فط���ر 
وق���د وج���د أن جمی���ع أن���واع الاس���برجلس لھ���ا الق���درة   . ٪٣.٣٥  Aspergillus terreusف���ي ح���ین س���جل فط���ر  ٪٢.٢٣أق���ل مع���دل بنس���بة 

م���ن جان���ب . )AFB1, B2, G1, G2(وال���ذي ل��م یف���رز أي م���ن الافلاتوكس���ینات   A. terreusالافلاتوكس���ین ع��دا فط���ر   إف���رازعل��ى  
 .م���ل عل���ى الت���والي /ن���انوجرام ٠.٠٥و  ٠.٠١و  ٠.٠١بتركی���ز  AFB1, AFB2, AFG1أف���رز ك���لاً م���ن   A. flavusآخ���ر وج���د أن  

. م���ل لك���ل منھم���ا/ ن���انوجرام ٠.١٢و  ٠.٣٦بتركی���ز  AFG1و AFB1 م���ن ن���وعي  افلاتوكس���ین A. parasiticus كم���ا أف���رز فط���ر
م���ل لك���ل  /ن���انوجرام ٠.٠١م���ل و /ن���انوجرام ١.٠٠بتركی���ز AFB2  وAFG1 ن���وعي  افلاتوكس���ین م���ن  A. nigerكم���ا أف���رز فط���ر   

 .منھما


