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 The mycological analysis revealed the predominance of species of Aspergillus and 

Penicillium on both wheat and soybean seeds. Aflatoxins and ochratoxins were detected 
in the samples analyzed and in the A. flavus and A. niger strains tested. In addition, oils 

used significantly inhibited the counts of fungi, however that of cinnamon was more 

effective than that of cumin. Forty-seven species and one species variety belonging to 
11 genera were isolated from wheat bran and soybean seeds on dichloran rose Bengal 

and dichloran glycerol agar media at 28°C. The most common genera isolated from the 

two substrates on both media were Aspergilus and Penicillium with A. flavus, A. niger 

and P. chrysogenum and P. duclauxii being the most common species. Eight isolates of 

Aspergillus flavus and Aspergillus niger from those isolated in high frequency on the 

two types of media from both substrates were toxigenic and produce aflatoxins and 
ochratoxins, respectively. On the other hand four samples of wheat bran and two 

samples of soybean seeds were tested for the presence of aflatoxins and ochratoxins by 

fluorometric method and proved positive. In vitro attempts for controlling fungi in 
wheat bran and soybean seeds were made using cinnamon and cumin oils, and the 

results obtained revealed significant depressive effect on the total counts and counts of 

fungal species of both oils at all or most doses used. However, cinnamon oil at all 
concentrations was more effective than cumin oil.  

 

INTRODUCTION 

 

Cereals and cereal products constitute a major part of the daily diet of the human and animal populations. 

The end products of wheat processing, other than semolina or flour, are several by-products coming from the 

surface layers, characterised by higher micronutrient and bran contents are mainly used as animal feeds. 

However, they may represent a source of compounds with unique physico-chemical, nutritional, and functional 

properties which may have a high value for human nutrition, too (Hemery et al. 2007). Wheat (Triticum 

aestivum L.) is one of the most important grain crops providing nearly 20 % of the total world food requirement 

(Uddin et al. 2006). It is grown on more acreage than any other crop. In 2010, 653.7 mln tons of wheat was 

produced in the world, while for two of the other main staple food crops, maize and rice (paddy), 840.3 mln and 

696.3 mln tons were produced, respectively (FAOSTAT). Soybean [Glycine max (L.) Merr.] is an Asiatic 

leguminous plant cultivated in many parts of the world for its oil and protein, which are extensively used in the 

manufacture of animal and human foodstuffs (FAO 2004). The production reached 47.5 million tons during the 

2006/2007 harvest season. 

During storage, a change in microflora can occur due to the reduction of the content of product-typical 

microorganisms or due to the reproduction of the spoilage-indicating microbiota, adapted to the storage 

conditions. The main spoilage indicating fungi of soybean are species of Penicillium, Aspergillus, 
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Scopulariopsis, and Mucorales. Microorganisms causing spoilage include also all species of yeasts (Roige et al. 

2009). The growth of fungi is greatly influenced by the water content of the substrate. At low moisture content 

(usually less than 14-16%) most storage fungi do not grow or grow very slowly (Srivastava et al. 2011). 

Geovana et al. (2014) evaluate mycoflora and in 53 whole wheat grain samples collected in Southern Brazil 

during the 2012 crop and found that Aspergillus, Penicillium and  Fusarium were the most common genera, 

with Penicillium digitatum (49% of the samples), Aspergillus flavus (37.7%), Fusarium verticillioides (34%) 

and F. graminearum (30.2%) being the most predominant. 

The grains serve as a suitable substrate for mold growth and mycotoxin production (Bryden 2012). These 

mycotoxins are secondary metabolites produced by filamentous fungi on food crops and are capable of causing 

diseases in humans and other animals when ingested depending on the level and duration of exposure 

(Enyiukwu et al. 2014). Among these toxins, the aflatoxins are synthesized by the filamentous fungus 

Aspergillus flavus and related aspergilla. These fungi affect cereals notably corn, wheat, rice and peanuts, 

(Yassin et al. 2011, Ismail et al. 2016). 

There is scanty information concerning essential oils used to prevent seeds and grains from contamination 

with aflatoxins and aflatoxigenic species (Kedia et al. 2014). The use of natural antimicrobial compounds is 

important not only in the preservation of food but also in the control of microbial growth in the diseases 

condition (Passone et al. 2013). Several plant species and herbs exert antibacterial influences due to their 

essential oil fractions. Some scientists revealed the antimicrobial activity of essential oils from oregano, thyme, 

sage, rosemary, clove, coriander, garlic, cinnamon, cumin and onion against both bacteria and fungi (Cabello et 

al. 2009, Kumar et al. 2010). This study was undertaken to assess the mycobiota and their toxins associated with 

wheat bran and soybean seeds. Also, a trial to prevent such contamination using two essential oils was 

attempted. 

 

MATERIALS AND METHODS 

 

A- Collection of feed samples: 

Twenty samples from each of wheat bran and soybean seeds were collected from different locations in 

Jeddah city. Samples from each type were put in sterile polyethylene bags, sealed and kept each in another bag 

which was also sealed. Samples were transferred immediately to the laboratory and kept at 5°C till fungal 

determination.       

                                                               

B- Determination of fungi: 

The dilution plate method was used for the estimation of the fungi associated with soybean seeds and wheat 

bran as described by Christensen (1963) and Pitt and Hocking (2009). A known weight of each sample was 

suspended in a 500 m1 conical flask containing, 100 m1 sterile distilled water. Preliminary trials showed that 

dilutions 1:20 for wheat bran and 1:200 for soybean seeds were suitable to obtain reasonable number of fungal 

colonies on agar plates. One m1 of the desired dilution was transferred aspetically into each of four sterile Petri-

dishes and 15 to 20 m1 of an appropriate agar medium cooled to just above the solidifying temperature, are 

added to each dish. Plates were incubated at 28ºC for 7-15 days during which the developing colonies were 

counted, examined and identified (based in macro- and microscopic characteristics) and the number of colonies 

was calculated and expressed as average total counts (ATC) per g in all samples. 

 

C- Media used for isolation of fungi: 

1- Dichloran rose-Bengal chloramphenicol agar (DRBC): 

DRBC is a selective medium used for isolation of moulds associated with food spoilage. The medium 

contains (g/l):  (peptone, 5; glucose, 10; KH2PO2, 1; MgSO4.7H2O, 0.5; dichloran, 0.002; agar, 13) (King et al. 

1979). Rose Bengal (25 µg/l) and chloramphenicol, (0.5 mg/l) were used as bacteriostatic agents.  

 

2- Dichloran-glycerol agar (DG18): 

DG18 is a low water activity medium used for enumeration of xerophilic fungi in food and feed (g/l):  

peptone, 5; glucose, 10; KH2PO2, 1; MgSO4.7H2O, 0.5; Dichloran, 0.002; agar, 15; and glycerol, 220) (Beuchat 

and Hwang 1996). Chloramphenicol, (0.5 mg/L) was used as bacteriostatic agent. 

 

D- Natural occurrence of toxins in some selected samples and fungal strains isolated from these substrates: 

The isolated strains of A. flavus and A. niger were inoculated into sterilized 250 m1 Erlenmeyer flasks each 

containing 50 m1 of yeast extract sucrose medium (YES) containing/liter distilled water: sucrose 40 g and yeast 

extract 20 g. Each flask was inoculated with a single 6 mm disc cut-out from the margin of a 5 day-old colony of 

the fungus grown on glucose-Czapek’s agar medium. Flasks were incubated at 28°C (Gabal et al. 1994). The 

levels of mycotoxins were measured by fluorometric method using aflatoxins or ochratoxins standards for 

adjustment of the fluorometer before reading the toxins content of the tested strain (Hansen 1993). On the other 
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hand four samples of wheat bran and two samples of soybean seeds were also tested for the presence of 

aflatoxins and ochratoxins. 

 

E- Effect of cinnamon and cumin oils on mycobiota of some selected substrate samples: 

Six samples that were heavily contaminated with fungi (3 of each of wheat bran and soybean seeds) were 

selected for this test. Samples were treated (mixed) with three different concentrations of cinnamon and cumin 

oils in addition to the control samples (without oils) were also used. These samples were kept in sterile 

polyethylene bags in a refrigerator for 7 days. The oil-treated and non-treated samples were assayed for fungal 

analysis a week after treatment. The dilution plate method and DRBC as the isolation medium were used as 

described above.  

 

RESULTS AND DISCUSSION 

 

Mycobiota associated with wheat bran and soybean seeds: 

        Forty-seven species in addition to one species variety belonging to 11 genera were collected from 

wheat bran (21 species, 1 variety and 9 genera) and soybean seeds (20, 1 and 9) on DRBC and DG18 at 28°C. 

         Aspergillus was isolated in high frequency of occurrence. It was recovered from 75 % of the samples 

contributing 57.65 % and 79.40 % of wheat bran and 62.14 % and 86.13 % of soybean seeds of total fungi on 

both media, respectively. The most common Aspergillus species were A. flavus and A. niger. They were isolated 

in high frequency of occurrence comprising 70 % -75 % and 70 % -75 % of the samples contributing 2.16 % - 

41.82 % of total fungi on both media from wheat bran and 75 % of the samples comprising 3.84% - 61.16 % of 

total fungi of soya bean seeds. Five aspergilli (A. flvus, A. fumigatus, A.niger,A. ochraceus, A. sydowii, and A. 

terreus var. aureus) were recovered infrequently from both substrates on one or both types of media.   A. 

flavipes, A. versicolor were recorded only from wheat bran (Table 1). 

        The current finding that Aspergillus was  the most common fungus in wheat bran and soybean seeds is 

in agreement with other previous reports on the dominance of Aspergillus in stored wheat grains (Wallace and 

Sinha 1981), in soybean grown in Argentina (Vaamonde et al. 2003) and in wheat, corn grains and peanut seeds 

(Ismail et al. 2016). 

           The predominance of A. flavus followed by A. niger in the current results is in agreement with the 

results of Kolawole et al. (2013) from wheat and Abdel Hameed et al. (2012) from soybean seeds. Mostafa et al. 

(2011) reported also that Aspergillus niger (24.03%) and Aspergillus flavus (27.7%) were most abundant. 

Hajihasani et al. (2012) detected also A. niger as predominant in wheat in Markazi Province, Iran. Dwivedi and 

Gopal (2014) found also that A. flavus was most common (13.51%) followed by A. niger (5.4%) and A. 

fumigatus (4.05%) from soybean seed.                                                                                                               

Penicillium ranked second in the number of cases of isolation; occurring in 75% and 70 % of the samples 

matching 38.88 % and 12.70 of total fungi of wheat bran and appeared in 70% and 70 % of the samples 

contributing 27.38 % and 10.90 % of total fungi of soybean seeds on the two types of media, respectively. P. 

chrysogenum was the most common species. It occurred in 50 % and 35 % of the samples comprising 8.66 % 

and 3.74 % of total fungi on both media from wheat bran, while it was detected in either low or rare occurrence 

on both media from soybean. P. duclauxii was isolated in high frequency from wheat but in moderate frequency 

from soybean on DRBC while in rare frequency on DG 18 from both substrates. The remaining Penicillium 

species were infrequently isolated on one or both types of media.  

       Penicillium was prevalent in wheat samples in previous studies in Australia (Berghofer et al. 2003). 

This is probably due to bad storage conditions promoted by high moisture of stored wheat (Kolawole et al. 

2013). P. chrysogenum was found to be common in feedstuffs in the study of Moharram et al. (1989). Pitt et al. 

(1994) isolated 26 genera and 59 species from 49 samples of surface-disinfected soybeans collected from 

markets in Thailand.                                                                     

Fusarium was the most third frequent fungus from both wheat bran and soybean seeds. F. verticillioides 

was the most predominant isolated in wheat bran, while F. subglutinans from soybean. (Table 1).  

Similarly, Fusarium was most frequently recovered from wheat harvested from different regions of 

Argentina (Gonzalez et al. 1996). F. verticilliodes was the most frequent in post-harvest wheat grain samples 

(Birck et al. 2003) and in soybean seeds from Ecuador (Pacin et al. 2002) and Argentin (Dwivedi and Gopal 

2014). 

The current results revealed the prevalence of species of Aspergillus followed by Penicillium and Fusarium 

in wheat bran and soybean seeds. In harmony with the current results a complex of seed-borne fungi including 

genera of Aspergillus, Penicillium and Fusarium had been reported as the most frequent fungi of wheat 

throughout the world (Rehman et al. 2011; Suproniene et al. 2011, Ismail et al. 2016). Species of these genera 

were also dominant in previous investigations in feed ingredients in Argentina (Pereyra et al. 2011) and Iran 

(Khosravi et al. 2008) and in soybean meal samples in Saudi Arabia (Al-Seeni 2012).    
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   Eurotium chevalieri was infrequently isolated from both substrates. However, Pitt et al. (1994) detected 

E. chevalieri to be the most frequent isolated from soybeans collected from markets in Thailand. 

 The remaing fungi were infrequently recorded either from both substrates (Alternaria alternate and 

Emericella nidulans), from only wheat bran (Cochliobolus pallescens, Nerospora sitophila and Scytalidium 

lignicola) or from only soybean seeds (Cladosporium cucumerinum, Cochliobolus pallescens C. spicifer and 

Syncephalastrum racemosum). Species of Alternaria were the major fungi isolated from freshly harvested wheat 

from different geographical areas in Argentina (Broggi et al. 2007, Medina et al. 2006).   

 

Natural occurrence of toxins in some wheat bran and soybean samples and mycotoxigenic ability of some 

fungal strains isolated: 
Four isolates of each of Aspergillus flavus and Aspergillus niger which were isolated in high frequency 

from wheat bran and soybean seeds were tested for their mycotoxigenic abilities and were found aflatoxigenic 

and ochratoxigenic. On the other hand, four samples of wheat bran and two samples of soybean seeds were 

tested for the natural occurrence of aflatoxins and ochratoxins and the results revealed that all samples were 

contaminated and produced aflatoxins or ochratoxins by fluorometric method. 

Aflatoxins levels produced by A. flavus strains ranged from 1.4 to 2 ppb and ochratoxins levels produced by 

Aspergillus niger strains ranged from 3.5 ppb to 4.8 ppb (Table 2). 

The current results on aflatoxin production confirmed  that different strains of A. flavus vary in their ability 

to produce aflatoxin as stated previously by El-Kady et al. (1982),Youssef (1986) and Zohri (1987) who found 

that about 15%, 27% and 39% of A. flavus strains isolated from cotton, soybean and broad bean seeds, 

respectively, produced aflatoxins. Othman and Al-Delamiy (2012) detected seven A. flavus strains as 

aflatoxigenic which were isolated from peanuts, wheat, wheat flour and corn samples of which one isolate of 

Aspergillus flavus produced high aflatoxin B1 level (450 ppb). Previous studies reported the presence of 

potential OTA producers Aspergillus section Nigri species in food and feed; considering Aspergillus 

carbonarius as the main OTA producer followed by species belonging to the A. niger aggregate (Abarca et al. 

2004, Varga and Kozakiewicz 2006). Ochratoxin A production in relation to ecophysiological factors by 

Aspergillus section Nigri strains was evaluated by several authors on synthetic media (Bellí et al., 2006).  

In the current study four samples of wheat bran and two samples of soybean were also tested for the natural 

occurrence of mycotoxins by fluorometric method and the results in table (2) revealed it is clear that the highest 

levels of aflatoxins in wheat bran ranged between 1.6 ppb in sample No. 4 to 3.3 ppb in sample No. 6 which 

contained fungal counts 4 and 10 , respectively and ochratoxins levels ranged between 5.6 ppb in sample No. 3 

to 9.9 ppb in sample No. 8 which contained fungal counts 3 and 8, respectively. In the two soybean seed 

samples analyzed, one possessed aflatoxins level of 2.3 ppb and the other contained ochratoxins level of 9.1 ppb 

(Table 2). 

  Our finding supported earlier reports of Alkalaf et al. (2010) and Saleemi et al. (2010) where aflatoxin and 

ochratoxin were found to be widely distributed in feed stuff. During 2004 and 2005, a survey was conducted on 

the incidence of aflatoxin and ochratoxins in various feed ingredients and finished feeds in India and revealed 

that out of 824 samples analyzed, 441 samples were found to be positive for the presence of aflatoxins and 

ochratoxins (Devegowda and Murthy, 2005). Giary et al. (2007) studied aflatoxin contamination in 41 wheat 

samples in Turkey and reported that wheat samples were susceptible to A. flavus and A. parasiticus and AFs 

levels ranged from 10.4 to 643.5 ng/g with 59 % samples positive for total AFs  levels were within permitted 

range for AFs in cereals. Vega et al. (2009) suggests that cereals should be considered a major source of OTA 

contamination, as 50% of human daily intake of this mycotoxin is due to the consumption of different cereal 

derived products. Al-Seeni (2012) studied the level of mycotoxins in feeding soybean and found their ranges 

from 1 to 14.8 ppb for aflatoxins and 1 to 14 ppb for ochratoxin A, concluding that feeding soybean can cause 

serious health problems for man and animals.              

 

Antifungal activity of two essential oils: 

This part of study deals with the antifungal effects of three different concentrations of two essential oils 

(cinnamon and cumin oils) on the mycobiota associated with some representative samples of the two substrates 

investigated on DRBC. In control samples wheat bran yielded 3 genera, 8 species and soybean yielded 3 genera, 

7 species (Table 3). Results in Table (4) indicated that, the cinnamon and cumin oils have a significant 

depressive effect on the total count of fungi as well as the counts of A. flavus, A. fumigatus, A. niger and P. 

duclauxii at the three concentrations used. Some fungal species were encountered only on one substrate Such as 

A. ochraceus and Fusarium nygamai on soybean seeds, Cladosporium cladosporioides, P. chrysogenum and P. 

duclauxii  on wheat bran, the counts of these fungi were significantly affected by oil concentrations used. Also, 

cinnamon oil at the three concentrations used was more effective than cumin oil (Table 4). 

Cinnamon leaf oil was found to be highly active against Fusarium graminearum, F. culmorum, Aspergillus 

flavus, A. oryzae and A. brasiliensis (Dobre et al., 2011). Cinnamon bark volatile oil was highly effective 

against A. niger, A. terreus, F. moniliforme, F. graminearum, P. citrinum and P. viridicatum but not against A. 
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flavus and A. ochraceus (Singh et al., 2007), Eurotium amstelodami, E. herbariorum, E. repens, E. rubrum, 

Aspergillus flavus, A. niger and Penicillium corylophilum (Negi, 2012). 

Cinnamon or cumin oils inhibited the growth of many bacteria and fungi that contaminate food such as 

species of Listeria, Staphylococcus, Salmonella, Escherichia, Pseudomonas, Aspergillus, Cladosporium 

(Skrinjar and Nemet, 2009), species of Aspergillus (Rebey et al., 2012), Aspergillus flavus, A. parasiticus and A. 

niger (Bettaieb et al., 2012). Cumin oil caused also 100% growth inhibition in different species of Aspergillus, 

Alternaria alternata, Curvularia lunata and Fusarium oxysporum (Pande et al., 2007). Also, black cumin 

showed efficiency in inhibiting aflatoxin production by A. flavus and it consequently can be exploited as food 

preservative to minimize mycotoxin effects (Naeini et al., 2009). 

 
Table 1: Average total counts , number of cases of isolation (NCL, out of 40 sample) and occurrence remarks (OR) of fungal genera and 

species recovered from 40 samples of Wheat bran and soybean seeds on dichloran rose – glycerol agar at 28°C. 

 

  Genera & Species 

Wheat bran Soybean seeds 

DRBC DG18 DRBC DG18 

ATC NCI OR ATC NCI OR ATC NCI OR ATC NCI OR 

Alternaria                      11 3 R    51 2 R    

A. alternate                     11 3 R    51 2 R    

Aspergillus 1330 15 H 2968 15 H 4040 15 H 8450 15 H 

A. flavipes    1350 13 H       

A. flavus                        50 15 H 1045 14 H 250 14 H 2000 14 H 

A. fumigatus                 35 4 L 5 1 R 50 1 R 100 2 R 

A. niger                         965 15 H 500 14 H 3000 15 H 6000 14 H 

A. ochraceus                  80 1 R 8 1 R 500 4 L    

A. sydowii                         5 1 R 40 1 R 50 1 R 

A. terrus var. aureus 200 6 M 50 4 L 200 4  300 3 L 

A. versicolor                       5 1 R       

Cladosporium       100 1 R    

C. cucumerinum                   100 1 R    
Cochliobolus    4 1 R 80 2 R    

C. lunatus    4 1 R       

C. pallescens                       40 1 R    

C. spicifer                           40 1 R    

Emericella nidulans 4 1 R 40 1 R    50 1 R 

Eurotium                15 1 R 255 7 M    200 1 R 

E. chevalieri 15 1 R 255 7 M    200 1 R 

Fusarium 25 5 M    450 5 M    

F. oxysporum                             

F. subglutinans                       450 5 M    

F. verticillioides  25 5 M          

Neurospora sitophila 20 2 R          

Penicillium 897 15 H 475 15 H 1780 14 H 1070 14 H 

P.brevicompactum 25 1 R 50 1 R    50 1 R 

P. chrysogenum          200 10 H 140 7 M 350 2 R 200 4 L 

P.citrinum                   290 5 M 60 2 R 50 1 R 100 1 R 

P. corylophilum         70 3 L    700 3 L    

P. duclauxii                 200 12 H 4 1 R 500 9 M 100 2 R 

P. echinulatum            10 1 R 50 1 R 40 1 R 300 4 L 

P. expansum               4 1 R          

p. funiculosum    5 1 R       

P. granulatum              8 1 R          

P. griseofulvum           50 1 R 120 6 M       

P. islandicum              10 3 L    40 1 R 30 1 R 

P. oxalicum                   30 1 R 20 4 L    200 4 L 

P. purpurogenum                100 1 R    

p. viridicatum    5 1 R       

P. waksmanii      20 1 R    90 2 R 

Scytalidium lignicola 5 1 R          

Syncephlastrum racemous          40 1 R 

Total average count 2307  3738  6501  9810  

No. of genera (11) 8 5 6 5 

No. of species (47+1) 21 +1 20+1 20+1 14+1 
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Table 2: Natural occurrence of mycotoxins in wheat bran and soybean samples and the mycotoxinogenic ability of Aspergillus niger and A. 
flavus isolates from these substrates. 

Substrate 

Natural occurrence of mycotoxins Mycotoxigenic ability of isolates 

Sample no. 
Fungal 

counts 
Toxins 

Level 

ppm 
Isolate 

Isolation 

medium 
Toxins 

Level 

ppm 

Wheat bran 

4 4 Aflatoxins 1.6 A. flavus DRBC Aflatoxins 1.4 

6 10 Aflatoxins 3.3 A. flavus DG18 Aflatoxins 2 

6 8 Ochratoxins 9.9 A. niger DRBC Ochratoxins 4.8 

8 3 Ochratoxins 5.6 A. niger DG18 Ochratoxins 3.5 

Soybean 
12 1 Ochratoxins 9.1 A. niger DRBC Ochratoxins 4 

14 20 Aflatoxins 3.3 A. flavus DRBC Aflatoxins 1.9 

 
Table 3: Number of species (NS), percentage counts (C%) and frequency (F%) for fungal genera and species associated with non-treated 

(control) samples of wheat bran and soybean seeds on dichloran rose-Bengal (DRBC) agar medium at 28°C. 

 

Genera 

Wheat bran (n=3) Soybean (n=3) 

NS C% F% NS C% F% 

Aspergillus (4) 4 41.50 100 4 43.08 100 

Cladosporium (1) 1 0.66 33.3 - - - 

Fusarium (2) - - - 2 0.544 43.3 

Penicillium (4) 3 8.85 100 1 7.38 100 

Number of genera (6) 3   3   

Number of species (11) 11 100 100 11. 100 100 

 
Table 4: Effect of different concentrations of antifungal agent on the counts of most common fungi recovered from wheat bran on dichloran 

rose-Bengal (DRBC) agar medium at 28°C. 

 
Taxa 

Control 
Cinnamon oil Cumin oil 

0.2 % 0.4% 0.6% 0.2 % 0.4 % 0.6% 

TC F % OR TC TC TC TC TC TC 

Aspergillus                                144.2 100 H 31** 11.2** 0** 58.6** 26.5** 11** 

A. flavus                       66.8 100 H 14.3** 6.7** 0** 29.8* 17.7** 8.8** 

A. fumigatus                   8.8 34.3 L 0 0 0 4.6 2.2 0 

A. niger                           68.6 100 H 16.7** 4.5** 0** 24.2** 6.6** 2.2** 

Cladosporium 

cladosporioides   
2.4 33.6 L 0 0 0 2.6 0 0 

Penicillium                               13.2 100 H 3.2 0* 0* 9.4 2.2 0* 

P. chrysogenum                5.4 34.3 L 0 0 0 2.6 0 0 

P. duclauxii                       7.8 100  3.2** 0 0 6.8 2.2 0 

Total counts                              157.4 100 H 34.2** 11.2** 0** 68** 28.7** 11** 

 
* The mean difference is significant at the 0.05 level, ** The mean difference is significant at the 0.01 level. 

 
Table 5: Effect of different concentrations of antifungal agents on the counts of most common fungi recovered from soybean seeds on 

dichloran rose-Bengal (DRBC) agar medium at 28°C. 

 
Taxa 

Control 
Cinnamon oil Cumin oil 

0.2 % 0.4% 0.6% 0.2 % 0.4 % 0.6% 

TC F% OR TC TC TC TC TC TC 

Aspergillus                                920.1 100 H 322.2** 106** 41.4** 676.7* 370.7* 147.4** 

A. flavus                       655.5 100 H 150.5** 63.6** 20.2** 330.3** 240.4** 84.8** 

A. fumigatus                   244.4 100 H 21.2** 0** 0** 85.8** 20.2** 0** 

A.ochraceus 20.2 100 H 0 0 0 20.2 0 0 

A. niger                           522.3 35.3 L 150.5* 42.4** 21.2** 240.4* 110.1** 62.6** 

Fusarium 

nygamai   
20.2 5.3 L 0 0 0 0 0 0 

Penicillium 
duclauxii                              

260.6 100 H 193.9** 0** 0** 60.6** 21.2** 0** 

Total counts                              1200.9 100 H 516.1** 106** 41.4** 737.3** 391.9** 147.4** 

 
* The mean difference is significant at the 0.05 level, ** The mean difference is significant at the 0.01 level. 

 

Conclusion: 

The mycological analysis revealed the predominance of species of Aspergillus and Penicillium on both 

wheat and soybean seeds. Some of the fungi were predominant or isolated only from one substrate. Aflatoxins 

and ochratoxins were detected in the samples analyzed and in the A. flavus and A. niger strains tested. In 

addition, oils used significantly inhibited the counts of fungi, however that of cinnamon was more effective than 

that of cumin. 
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