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I 

Summary 

     Dried fruits of  ( Vitis vinifera L. , ficus Carica L. ,  prunus armeniaca 

L. ,  Juglans regia L ) are considered "healthy foods" and are used in 

biscuits, cakes, and other baked foods. This study aimed to characterize  

Ochratoxin A (OTA), and using beneficial fungi to control the ochratoxin 

producing fungi. Experiments include the presence of toxigenic fungi and 

OTA in these dried fruits, Morphological characterizations of 

contaminant fungi, their occurrence, and frequency, molecular 

identification of A. ochraceus, the capabilities of this fungus to produce 

ochratoxin A through Thin Layer Chromatography (TLC) and HPLC 

techniques in addition to the possibilities of ochratoxigenic fungi control 

using beneficial fungi: In total, 380 fungal isolates were obtained from 

Iraq's most popular dried fruits, such as, Vitis vinifera L , Ficus Carica 

L., prunus armeniaca L., Juglans regia L, and common plums. Using 

morphological cultural characteristics such as colony color, margins, 

texture, and colony reverse colors, several different species, belonging to 

four different genera, were identified: A. niger (80), A. terrus (50), A. 

flavus (55), A. ochraceus (40). Fusarium (66) Nigrosora (35) and 

Penicillium (54). The percentage of contaminating fungi that appeared on 

dried fruits varied depending on the type of dried fruits and the 

contaminant fungus. Apricots, Raisins, and Iraqi Raisins all had rather a 

uniform infection to the dried fruits. While infection in other dried fruits 

(Vitis vinifera L , Ficus Carica L., prunus armeniaca L., Juglans regia L, 

and common plums) was variable. studies have shown that the toxin-

producing fungi, especially Aspergillus, are among the main pollutants in 

dried fruits and that the fungi A. niger and A. flavus are the most 

frequently isolated species in dried fruits. 
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     Apricots (35%) had the highest level of contamination by contaminant 

fungi, followed by raisins (32%), Iraqi raisins (26.2%), Common plum 

(2.6%), figs (2.4%), and hazelnuts (1.6 %). The results of TLC showed                                                                                                   

that 6 isolates of A. ochraceus were mostly produced ochratoxin in 

different types of the studied dried fruits. The results confirmed the 

verification of TLC result through the PCR product analysis of 18S rRNA 

gene ITS2 gene from extracted DNA of A. ochraceus isolates showed that 

positive A. ochraceus isolates at (420bp).   

      The results showed considerable antagonistic abilities of Trichoderma 

harzianum and Pleurotus ostreatus to inhibit A. niger and A. ochraceus 

using three methods: direct antagonism through dial culture and volatile 

and non-volatile substances. Both bioagents had a significant inhibitory 

effect on the radial growth of both contaminant fungi, but the inhibitory 

caused by T. harzianum was greater by using culture filtrate. Otherwise, 

P. ostreatus was a greater inhibitory effect on the growth of both 

pathogenic that T. harzianum.  

      Despite differences in inhibitory impact between T. harzianum and P. 

ostreatus against Ochratoxin contaminated fungus A. niger and A. 

ochraceus, both showed successful antagonistic activity and the ability to 

compete against them. 
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Introduction 1- 

      Fungi are the main spoiling and toxin contaminating agents of food 

and feed during storage and processing making them unsuitable for 

human and animal utilization and causing big economic loss. Improper 

storage conditions offer a beneficial environment for Aspergillus spp. 

growth and mycotoxin(s) production (Milicevic et al ., 2010).  

      Mycotoxin contamination of foods is a significant food safety 

problem for grains and other agricultural products (Eaton and Groopman, 

1994; Payne, 1998). Mycotoxins are secondary fungal metabolites which 

are toxic to humans and animals because they can cause serious illnesses 

(Essono et al., 2007). Aflatoxins, ochratoxin A, zearalenone, fumonisins, 

ergot alkaloids, enniatins, patulin, Alternaria toxins, and trichotheceneses 

have been identified as essential mycotoxins (Barac, 2018). 

    Ochratoxin was detected in South Africa in 1965, representing a 

community of Linked compounds manufactured by Aspergillus 

ochraceus, Penicillium verrucosum and other species of Penicillium 

(Bennett et al., 2003).       

     In this group, ochratoxin A (OTA) is the most important fungal toxin 

than ochratoxins B and C. Potent nephrotoxicity, hepatotoxicity, 

cytotoxicity, and immunotoxicity are caused by OTA. It is also a possible 

teratogenic and immunosuppressive drug. It is potentially a human 

carcinogen and is of particular concern because it can accumulate in 

animal meat (Walker et al., 2002; Battilani et al.,2003). 

      In general, the most common fungus belonging to the genus 

Aspergillus and Penicillium since these forms are characterized by 

growth in different environmental ranges with a high enzymatic capacity 

that enables them to remain over than in any fungus (Pitt, 1994). 
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       More than 250 known species belong to the genus Aspergillus. Most 

of them, such as antimicrobial agents, organic acids such as citric and 

gluconic acids, and enzymes such as lipases and amylases, are 

industrially essential for their secondary metabolite development. Some 

of them are highly toxic, called mycotoxins, which cause various health 

problems, especially cancer (Gregory, 1973; Abarca et.al., 2004)   

     Dried fruits, including date and related products, are largely consumed 

and, because of their sweet taste and nutritional values, are growing in 

producing and importing countries. Since dried fruit is normally eaten 

directly without further processing, it is very essential to be mindful of 

the safety and quality of these items through the determination of mold 

load and AF contamination (Amezqueta et al .,2012). 

     In Iraq, quite limited studies relating to Ochratoxin A was achieved at 

Duhok Province reported that dried vines fruit were highly contaminated 

with a broad spectrum of filamentous fungi, they found that 60% of juice 

samples were contaminated with ochratoxin A, its levels ranging between 

0.37- 1.85 ng/ml as detected by L C-M S /M S technique. Other 

information is not available yet about the natural occurrence of OTA in 

foodstuffs in Iraq. , as Saadullah and Abdullah (2018), 

     These fungi can contaminate crops prior to harvesting and more 

frequently during storage and thus contribute to the contamination of 

dried grapes, grape juices and various types of wine (Welke 2019). The 

objective of this study is to determine the occurrence and characterization 

of ochratoxigenic fungi and ochratoxin A in some dried foods commonly 

consumed in Iraq. 

 



Chapter one …………………Introduction 
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The main steps: 

1. Morphological and microscopic study of the contaminated fungi 

fruits in different markets in Babylon Province. 

2. Study the capacity of the isolated fungi to produce Ochratoxin A 

using High-performance liquid chromatography (HPLC). 

3. Potential study for the inhibition of growth and ochratoxigenic 

fungi by P. ostreatus or T. harzianum. 

4. Molecular characterization  of Ochratoxin A in fruits- 

contaminated fungi. 

          

  

 



Chapter Two                                                     Literature Review 
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2 Literature Review  

2-1 Mycotoxins  

     Mycotoxins are a group of fungal secondary metabolites that 

contaminate certain agricultural products at various stages, including pre-

harvest, post-harvest, storage and food processing chain, resulting in poor 

crop quality, yield loss, impaired animal health, and high mortality rates, 

in addition to posing a health risk to humans. It can cause acute or 

chronic severe toxic effects in humans and animals when consumed. 

     Mycotoxins are primarily formed by molds from the genera 

Aspergillus, Penicillium, Alternaria, and Fusarium, which can develop on 

a variety of foods and feeds. The first three of these genera are the key 

contributors to spoilage and mycotoxins production in fruits and during 

storage. These fungi are the most common fruit spoilage molds, and they 

cause significant losses in the food industry. There are over 100,000 

species of fungi that produce over 300 metabolites that are harmful to 

humans and animals. Human organs such as the liver, kidneys, nervous 

system, muscular system, digestive system, genital system, and 

respiratory system are all affected. AFs, Patulin (PAT), Alternaria toxins, 

and ochratoxin A (OTA) are the most common mycotoxins associated 

with fruits (Efuntoye, 1996; onková et al., 2006). 

     Mycotoxin contamination can occur during the development of the 

crop (pre-harvest) as well as after harvest (post-harvest). Preventive steps, 

such as the careful use of insecticides and fungicides, irrigation to avoid 

humidity stress, harvesting at maturity, and improvement by genetic 

resistance to fungal attack, are all included in good agronomic practices 

during the pre-harvest season. Controlling the humidity and temperature of 

the stored commodity during the post-harvest period will have a 
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significant impact on the degree of fungal activity and, as a result, 

mycotoxin production (Bryden, 2007).  

     The existence of mycotoxins is directly linked to certain aspects of 

food and feed storage, environmental, and ecological conditions. Despite 

the presence of numerous toxigenic fungi, no mycotoxin was found in any 

of the tested samples (whole kernel, nut, or ground meal). Penicillium was 

the most common isolated genus in each of the three forms, followed by 

Alternaria and Cladosporium (Xu et.al., 2011). 

2-2-1 Mycotoxin production from isolated fungi  

     The presence of mycotoxins in foods is becoming a growing source of 

concern. Specific fungi species create these substances. Patulin (Scott et al. 

1977) and ochratoxin A (Majerus and Otteneder 1996; Zimmerli and Dick 

1996) are mycotoxins found in grapes and grape products.  

     The fruit-rotting fungus P expansum produces patulin, while Penicillium 

verrucosum and Aspergillus ochraceus produce ochratoxin A. Apple and 

grape juices have also been found to contain patulin (Scott et al. 1977; 

Moss 1998). In the United Kingdom, there is a suggested cap for patulin in 

apple juice of 50lgl1. Penicillium expansum also makes citrinin, although it 

wasn't contained in apple or grape juices (Scott et al. 1977). Isolates of the 

common species Aspergillus niger have been known to contain ochratoxin 

A on rare occasions (Abarca and Bragula ,1994).  

     The closely related A. carbonarius, on the other hand, is a much more 

popular producer (Varga et al.,1996). (Heenan and Shaw 1998), and a 

much more significant source of ochratoxin A. These species are common 

in tropical foods (Pitt ,Hoking et al.,1993) and can withstand sun drying  
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(Pitt,Hoking ,Miscamble et al., 1998). A. carbonarius is a major source of 

ochratoxin A, which can be found in dried grape fruits, wines, and possibly 

coffee.  

2-2-2 Ochratoxins  

      Some Aspergillus species (principally A. ochraceus and A. 

carbonarius) and possibly A. niger industrial strains and some Penicillium 

species, especially P. verrucosum, produce ochratoxins. The most common 

and important fungal toxin in this community is ochratoxin A, while 

Ochratoxins B and C are less important. 

2-2-3 Ochratoxin A     

        A.ochraceus (Steyn et al., 1965) , a species   with natural habitats in 

drying or decaying vegetation, seeds, nuts  and fruits. A. Ochraceus and 

closely related species are widely distributed in dried foods of various 

kinds (Pitt and Hocking 1997)                        

     Ochratoxin A is a poisonous substance that can kill animals (Krogh and 

Hald et al.,1974). Since Ochratoxin A is fat soluble and difficult to excrete, 

it accumulates in contaminated animals' depot fat, where it is then ingested 

by humans who consume pork. Bread made from barley or wheat may also 

contain the toxin. 

     Ochratoxin A was also present in human blood throughout most of 

Europe, with concentrations as high as 35 (J.g/kg(, according to Castegnaro 

Plestina R et al,1991), and in human milk at similar amounts (Bretholtz-

Emanuelsson et al.,1993). While no strong evidence of human disease has 

been found, such levels suggest that ochratoxin A is a widespread problem 

in Europe. 
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      Isolates of the common species of Aspergillus may produce Ochratoxin 

A on rare occasions (Abarca and Bragulat, 1994) The closely related A. 

Carbonarius, on the other hand, is a much more popular producer (Varga et 

al.1996) and a much more critical source of Ochratoxin A (Varga et 

al.1996) (Heenan et al ,1998). These species can survive sun drying and 

are common in tropical foods (Pitt and Hocking et al., 1993; Pitt and 

Hocking AD, Miscamble BF et al., 1998). In dried vine fruits, and possibly 

coffee, A. Carbonarius is a major source of Ochratoxin A. 

2-2-4 Production of OTA 

     Ochratoxin A is a mycotoxin discovered in maize-based products 

infected with Aspergillus Ochraceus by (van der et al. 1965). OTA is 

chemically known as N-{[(3R)-5-chloro-8-hydroxy-3-methyl-1-oxo-7-

isochromanyl]-carbonyl}-3-phenyl-L-alanine. Four years later, OTA was 

isolated by van Walbeek et al,.1969, from the culture of Penicillium 

verrucosum. In the 1960s, OTA was identified as one of the first classes 

of animal-toxic fungal metabolites, which, along with the AFs, launched 

the distinct and diverse science of mycotoxicology. OTA production is 

currently dominated by two types of fungi. Aspergillus alliaceus, 

Aspergillus ostianus, Aspergillus sclerotiorum, Aspergillus sulphureus, 

Aspergillus melleus, Aspergillus petrakii, Aspergillus glaucus, 

Aspergillus niger, Aspergillus foetidus, Aspergillus carbonarius, 

Aspergillus albertens (Varga et al.,1996). 

     from the culture of Penicillium verrucosum. OTA was described as 

one of the first groups of fungal metabolites that are toxic to animals, 

which, with the AFs, launched the distinctive and diverse science of 

mycotoxicology in the 1960s. Nowadays, two groups of fungi are mainly 

involved in OTA production. In tropical regions A. Ochraceus is probably 
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the main source, though several other aspergilli are also able to produce 

OTA including strains of Aspergillus alliaceus, A. ostianus, A. 

sclerotiorum, A. sulphureus, A. melleus, A. petrakii, A. glaucus, A. niger, 

A. awamori, A. foetidus, A. carbonarius, A. albertensis, A. auricomus and 

A. wentii (Varga et al.,1996).   

2-3: Physico-Chemicals Properties of Ochratoxin A  

      OTA is a weak organic acid with a pKa value of 7.1(Keeper and 

Scott,1989 Bredenkamp,1989) and a molar mass of 403.8 g.mol-1. This 

molecule has a colorless to white crystalline structure and emits a bright 

green fluorescence under UV light in acid medium and a blue 

fluorescence in alkaline medium (El KhouryAtoui, 2010). 

      OTA is soluble in polar organic solvents (alcohols, ketones, 

chloroform) at acid and neutral pH, slightly soluble in water, insoluble in 

petroleum ethers, and insoluble in saturated hydrocarbons. This molecule 

is soluble in aqueous sodium bicarbonate solution and all alkaline 

solutions in general when in alkaline conditions.  

      When crystallized from benzene as a solvate, it has a melting point of 

about 90 °C. Xylene, on the other hand, has developed non-solvated 

crystals with a melting point of 169 °C. The high stability of OTA is one 

of its distinguishing features. It has been demonstrated that it can 

withstand acidity and high temperatures. Thus, after foodstuffs have been 

infected, fully removing this molecule is extremely difficult (El Khoury, 

Atoui, 2010) showed that the OTA is only partially degraded under 

normal cooking conditions. Furthermore, this molecule can withstand 

three hours of 121°C high-pressure steam sterilization, and even at 

250°C, it is not completely destroyed (Boudra et al.,1995). 
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2-4-Ochratoxin A in dried fruit 

     Ochratoxin A is primarily present in cereals and cereal-based 

products. This group of commodities has been identified as the primary 

source of ochratoxin. In exposure tests conducted by the European 

Commission, a single exposure accounted for 50% of overall dietary 

Ochratoxin A exposure in humans European Countries (European ,1997; 

Commission, 2002). Apart from cereals and cereal products, Ochratoxin 

A can also be present in a variety of other foods, such as coffee, cocoa, 

wine, spices, dried fruits, grape juice and meat products from non-

ruminant animals fed infected feedstuffs. Since protozoa in the stomachs 

hydrolyze Ochratoxin A into non-toxic metabolites before absorption into 

the blood, ruminant animals such as cows and sheep are usually immune 

to its effects (Kiessling et al.,1984) 

     Because of their high sugar content and other nutrients, dried fruits are 

susceptible to fungal and mycotoxin contamination. Mold infection in 

dried fruits can occur during the ripening stages of the fruit, after it has 

fallen from the tree, and during the drying process (Ozayi et.al., 1995). 

     The most common fungi isolated from dried fruit samples of black 

sultanas, plums, figs, , and white sultanas belonged to the genus 

Aspergillus, with A. niger being the most common, followed by A. 

Ochraceus, A. flavus, and A. Carbonarius, respectively. Although, there 

was no fungal infection in the apricot samples. This finding may be 

explained by the fact that these fruits were treated with sulfur dioxide to 

prevent darkening and fungal growth (Pitt and Hocking, 1997). 
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2-4-1:  Fig ( Ficus Carica L.)                                                               

     There are two types of figs on the market: fresh and refined. While the 

refined market refers to whole dried figs sold in retail consumer packages 

(for direct consumption) or in bulk for processing, the fresh market refers 

to whole dried figs sold in retail consumer packages (for direct 

consumption). The bulk industrial materials are sold to bakeries and food 

manufacturing companies (primarily cookie and energy bar companies), 

which use them to make value-added products like cookies, pastries, 

sauces, and jams. 

      After the figs have matured and ripened on the tree, they can be dried 

in one of two ways: tray-dried or sun-dried. Traydried figs are harvested 

when they reach tree-ripe maturity (Crisosto et al., 2010), the white 

cultivars are treated with SO2, and all of the figs are spread out on trays 

to dry in the light. Since these figs are treated with SO2 when they are 

young, they have a larger surface area to absorb it. Sun-dried figs, on the 

other hand, are completely ripened on the tree before being abscised and 

dropped to the ground. They're SO2 is applied to white cultivars during 

postharvest storage. The desired final moisture content of dried figs 

     Approximately 17% of the material (Crisosto et al.,2011). Without the 

use of a mold inhibitor, the maximum moisture content permitted at retail 

is 24 percent, and 30 percent with the use of a mold inhibitor (such as, 

potassium sorbate). Sun-dried figs are sold in the United States, while 

tray-dried figs are sold in Asian markets as a specialty item (Matt Jura's 

personal communication). Dried fruit of white cultivars are often treated 

with SO2 during postharvest storage to prevent enzymatic and 

nonenzymatic browning caused by the Maillard reaction (Karadeniz et 

al., 2000). 
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     Since the purple black skin conceals any darkening, “Black Mission,” 

the only dark cultivar used for dried fig processing, does not receive SO2. 

Color preservation is a critical commercial factor, as shown by a sensory 

evaluation of dried figs and fig paste that found color to be the most 

significant factor in deciding acceptance level (Sen et al., 2010). 

Meanwhile, all dried cultivars are preserved with potassium sorbate 

(Perera, 2007).  

     Due to the high moisture content of dried figs, which continues to rise 

after drying and during storage, this antimycotic agent is needed. 

Between 200 and 600 ppm of potassium sorbate has an antifungal effect, 

whereas levels greater than 600 ppm can be detected by the taster (Nury 

and Bolin ,1962). 

     Dried figs can be infected with xerophilic organisms like Aspergillus, 

which can lead to postharvest spoilage due to mycotoxins. While A. niger 

and related species are common, infection by members of the Aspergillus 

section Flavi has been linked to more severe effects, most notably the 

development of AFs, which is depicted as a major issue in some countries 

(  Embaby et.al., 2012; Farjood and Banihashemi, 2013). 

     In two cultivars of Californian Figs, Doster and Michailides (2007) 

found a high incidence of A. niger, A. alternative, and Ulocladium atrum. 

Simmons (2007), on the other hand, believes that Alternaria diseases in 

figs are caused by A. fici and A. ficini. A. alternata, Botrytis cinerea, 

Cladosporium, Penicillium, and Rhizopus species are among the other fig 

diseases recorded (Snowdon, 1990). 
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2-4-2 Raisins )  Vitis Vinifera L.)  

      The fruits are dried using solar energy or hot air. The most common 

method for raisin production is to use sunlight. Raisins have been sun-

dried from grapes since 1490 BCE (Mencarelli et al., 2005). 

      Grapes are currently handpicked from the plant, placed on clean trays 

between vine rows, and dried in the sun for two or three weeks. are low in 

fat and cholesterol and high in fiber, potassium, iron, calcium, and 

vitamin B. As a source of energy, they only use natural sugars. These are 

high in antioxidants, in addition to sugars, basic amino acids, and fatty 

acids. 4,5 points Because of their freshness, attractive green color, and 

sweet flavor, green raisins are usually sold for two to three times the price 

of sun-dried raisins made from the same fresh grapes. Red, black, and 

yellow raisins are sun dried on rooftops and on the ground6, while green 

raisins are dried in the shade in ventilated homes. The main issue with 

raisin production by field drying and storage is the production of 

mycotoxins caused by fungi. To avoid fungi formation, warm 

temperatures (20–30°C) and high humidity must be avoided, and good 

ventilation through the raisins is needed. To prevent the development of 

fungi and the subsequent production of mycotoxin, solar dryers are used 

to minimize drying time and regulate drying conditions. Raisins can be 

made by passing hot air over grapes in a perforated rotary drum dryer. 

This method produces raisins faster, but it takes more energy and careful 

temperature control to prevent quality loss. Since the waxy cuticle of the 

grapes influences the rate of moisture diffusion through the berries, 

pretreatments are used to speed up the drying process. Pretreatments 

include dipping in hot water or using acid, caustic, and ethyl or methyl 

oleate emulsions. The pretreatments speed up the drying process while 

also improving the consistency. By altering the waxy layer structure at 
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the grape surface, surface treatment speeds up the drying process and 

lowers the internal resistance to water diffusion. 

     Raisins are further processed to produce raisin juice and raisin paste. 

Raisin juice is made by repeatedly leaching raisins with water, resulting 

in a pure extract of raisins (Mencarelli et al., 2005). In a vacuum pan, the 

collected liquid is evaporated to create a self-preserving concentrate with 

a minimum of 70% natural fruit soluble solids. Raisin juice is used in a 

wide range of foods, including dairy, confectionery, and bakery. Raisin 

paste is made entirely of raisins, which are extruded through a fine mesh 

film. Raisin paste may be used to add color and taste to a dish. 

2-4-3: Apricot                ( .L aanune pa sunprp )  

      is a member of the Rosaceae family. Rosaceae is one of the largest 

angiosperm families, with around 3,400 species spread throughout 

northern temperate regions of the globe, including almonds, peaches, 

apples, plums, cherries, and berries. Apricot was most likely named by 

Romans from a combination of two words: "praecocia" from Latin, which 

means "early matured," and "albarquq" from Arabic, which means "short 

ripening time." It is a temperate fruit that thrives in climates that have 

distinct seasons. It necessitates a relatively cold winter and reasonably 

warm spring and early summer temperatures (Ahmadi et al., 2008). The 

apricot tree is a deciduous tree that needs a cold winter for proper 

dormancy and flower bud growth (400–600 hours below 7.2 °C). In areas 

with a subtropical climate, apricot production is not feasible. Apricots, 

including peaches, plums, cherries, and mangoes, are drupes in which the 

outer fleshy portion (exocarp and mesocarp) covers a hard stone 

(endocarp) containing a seed. The color of the fruit varies from orange to 
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orange red, with some cultivars being cream white to greenish white 

(Ruiz et al., 2008; Riu-Aumatell et al., 2005). 

    According to Iamanaka et al., (2005), apricot samples were not 

infected by any molds, while black sultanas were contaminated with A. 

niger, followed by plums, figs, and dates. A. flavus was not included in 

any of the samples, with the exception of white sultanas and Fig. 

2-4-4: Walnut(Juglans regia L) 

     One of the finest temperate for nuts is Juglans regia L), a member of 

the Juglandaceae family. It is the world's oldest cultivated fruit, and it 

grows wild almost everywhere in Turkey (Şen et al.,1986; Özkan et 

al.,2005). Oil-producing crop plants are also critical to the agricultural 

sector's economic development. Protective coatings, dispersants, 

pharmaceuticals, cosmetics, soaps, and a number of synthetic 

intermediates as stabilizers in plastic formulations are all made with 

oilseeds containing rare fatty acids (Hosamani et al.,2000; Eganathan et 

al.,2006).  

     Walnut production is expected to increase as the bearing age of the 

trees increases, as well as the amount of land planted. 50% of the time. 

The majority of the output is consumed on-site, with the remainder being 

sold. The majority of marketed walnuts are eaten whole, with just a small 

percentage processed (zcan, 2009). 

2-5: Detection of OTA(Ochratoxin A) 

     It has been encouraged to develop methodologies that enable 

simultaneous extraction of these mycotoxins in various matrices. 

Analytical methods for extracting and analyzing these two mycotoxins 

have advanced in recent years (Monaci et al., 2004; Tabata et al., 2008). 
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Most validated methods for ochratoxin A extraction were focused on the 

solubility of these compounds in organic solvents or alkaline solutions 

[González-Peas et al.,2004b], and most of the validated methods were 

based on the extraction of Ochratoxin A through the solubility of these 

compounds in organic solvents or alkaline solutions. HPLC with 

fluorescence detection is the most commonly used technique. To achieve 

the best detection conditions for each toxin, different excitation and 

emission fluorescence parameters (OTA 335 and 465 nm; CIT 331 and 

500 nm) were used. However, in order to achieve low detection limits and 

protect the HPLC column, an efficient sample extract clean-up is needed 

for this analytical process. Solid-phase extraction (SPE) of the sample 

using an immunoaffinity column is the most common clean-up process. 

This form of SPE makes the clean-up stage much easier by producing 

high-purity extracts that can be injected directly into the HPLC column 

[Entwilse et al., 2000; Molinié et al.,2005]. and are widely used to 

determine mycotoxins in a variety of matrices with high analytical 

performance. However, they have the drawback of requiring unique 

antibodies for each mycotoxin. There hasn't been an IAC for determining 

CIT until now. Molinié et al.,2005) developed a flexible process for raw 

cereals and cereal products using partition. It had been announced that 

new extraction and analysis techniques were being developed. The 

quechers (Quick, Simple, Cheap, Effective, Rugged, and Safe) Frenichet 

al.,2011; Fernandes et al.,2013] method was adopted for mycotoxin 

extraction due to its speed and low cost, and enzyme-linked 

immunosorbent assays (ELISA) (Klari et al.,2009; Bazin et al.,2010) are 

emerging. Their simplification is being furthered by the creation of 

colored immuno-tests, such as rapid disposable membrane-based assay 

tests or clean-up tandem immune assay columns. The aim of this study 
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was to show how extraction pH can trigger OTA content 

misinterpretation and CIT cross-reactivity on IAC that recognizes OTA. 

We investigate the explanation for the underestimation of OTA content in 

wine following a typical anthocyanin removal procedure. For OTA and 

CIT occurrence in wheat samples, we compare several extraction and 

clean-up methods (Entwilse et al., 2000; Molinié et al., 2005). 

2-6 Minimizing Ochratoxin A Contamination 

     Biological options require the use of microorganisms and their 

enzymes in addition to physical and chemical therapies (Chen et al., 

2018).  

     Several microorganisms can inhibit mycotoxin biosynthesis and 

detoxify mycotoxins once they've been formed, either by binding them to 

their cellwalls or degrading them into less toxic compounds, or a 

combination of both (Péteri et al., 2007).  

     Direct application of detoxifying microorganisms to polluted food 

matrices is the most common solution, but the biological agent must 

already be recognized as safe for consumption (GRAS) (for example, 

lacticbacteria and yeasts) (Shetty and Jespersen, 2006). 

     Microorganisms that can detoxify mycotoxins but not gras are not 

permitted to be used directly in the food matrix. As a result, looking for 

enzymes based on their degrading capacities can lead to some interesting 

application possibilities (Vanhoutte et al., 2016).  

     Some enzymes that are known to be involved in the production of 

inochratoxin Carboxypeptidases, deoxygenases, lipases, amidases, and 

proteases are all enzymes that degrade proteins (Vanhoutte et al., 2016).  
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2-7 Actinobacteria strains 

        Several actinobacteria strains were able to minimize the occurrence 

of OTA either by preventing its formation, degrading it, or both 

mechanisms. The methodology employed in this study screening by nine 

modalities, clustering and correlation analysis) helped easily distinguish 

the features of each strain and to group them into clusters of comparable 

abilities. A heatmap representation helped easily select specific strains 

according to the desired effect. For instance, we could choose strains that 

strongly inhibit OTA specific production without affecting P. verrucosum 

growth to preserve the ecological niche, or strains that decreased OTA 

specific production but had low degradation capacities, if we wish to 

deepen the study of the inhibition of the mycotoxin biosynthetic pathway.       

Remarkable observations such as the degradation ability of OTA on the 

solid medium were very scarce among the strains studied, found for only 

five strains among the sixty. Interesting correlations such as the increase 

in OTA specific production when growth was strongly reduced have also 

been observed. Thus, our collection represents a great start for further 

studies in order to identify active metabolites and enzymes, and to 

provide a better understanding of the various interactions that can exist 

between actinobacteria, P. verrucosum, and OTA. Among the three 

strains studied by HPLC MS/MS for OTA degradation, no common by-

products were found (Campos-Avelar et al., 2020). 

2-8 Pleurotus ostreatus and Trichoderma harzianum 

     Al-mohaidi and saadon., 2020, reported reduction in the level of 

colonial diameters of Aspergillus niger in which the rate of inhibition 

reached to 71.79 ± 0.06% at concentration 30% of P. ostreatus filtrates 

and better than the calcium citrate when treating each one separately. 
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2_9 Prevention and decontamination strategies  

       To avoid the production of  OTA, many crucial points of control in 

food processing must be considered. For example, cereal drying, 

processing, and storage, coffee, cocoa, and spice drying, transport, and 

storage, and grape harvesting and transportation (Bucheli and Taniwaki, 

2002; Belli.,2004; Magan and Aldred,2005).  

      It is not possible to fully eliminate OTA from foods. As a result, the 

Codex Alimentarius Commission (El Khoury and Atoui, 2010) devised a 

number of methods to reduce OTA. One of these techniques is used while 

crops are in the pre-harvest period. It entails maintaining the purity of 

crops in order to prevent fungi from colonizing them. Mechanical damage 

and insect attack are, in this sense, the most regulated processes. The 

removal of polluted crop residues reduces the risk of pollution as well 

(Magan and Aldred, 2005). 

      One of the most significant factors in preventing OTA pollution is 

harvesting goods at their peak maturation level. Furthermore, having an 

acceptable moisture content in products helps to prevent mechanical 

damage, and collecting in contamination-free sacks or containers reduces 

the risk of contamination. Overripe, fermented, damaged, or fallen fruits, 

for example, must be discarded because they can contain high levels of 

OTA or harbor OTA-producing fungi that could spread quickly(Bucheli 

and Taniwaki, 2002) Another appealing technique for preventing OTA 

development is the use of chemical compounds. Some fungicides are 

effective against fungal invasion, and Complimentary Contributor Copy 

Prevention by pre-harvest management practices is the most effective 

approach for preventing mycotoxins contamination.  
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       However, if contamination occurs or continues after this process, 

post-harvest procedures must be used to control the risks associated with 

OTA. Traditional methods for preventing fungal growth in grains include 

drying them quickly after harvest and keeping them dry. However, (Pardo 

et al.,2005b) indicated that lowering the moisture content of grains to 

below 0.8 is needed to prevent OTA production by Aspergillus section 

Nigri species. After harvest, storage and processing are the main stages 

where contamination can be avoided or detoxification can be achieved by 

physical separation or chemical inactivation following particular 

procedures. When stored grains become colonized by fungal organisms, 

various techniques such as grain segregation, fumigation, aeration and 

cooling, product sealing, and atmosphere control become important.    

These methods are used mostly in tropical and subtropical areas, where 

storage damage is a significant issue. One of the most important post-

harvest phases of food handling is storage. As a result, it must be carried 

out under strict supervision. 

2-10:  Environmental factors affecting mycotoxin biosynthesis 

  2-10-1: Temperature 

       It's one of the factors that affects fungi's ability to develop and 

survive in the body, as well as their ability to produce toxins. It also 

means that it is technically successful in nature, according to chinchin et 

al (2010).  

       Pull factors are factors that help in the conversion of nutrients, grains, 

and nuts, as well as the best conditions for grading in different climates 

(1997, Pitt). A.flavus thrives at temperatures ranging from 10 to 45 

degrees Celsius and humidity levels of up to 75%. The ideal temperature 
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and relative humidity for the production of Aflatoxins are 25-30°C and 85 

percent relative humidity (FAO, 1998) 

     When stored in moisture, the fungi grow at 65-70 percent or 85-90 

percent during sex. A. flavus can grow with up to 90 percent more 

moisture, while aflatoxins are 95 percent, 98 percent, and a grade of 25. 

(Bhatt et al., 2010) 

2-10-2- PH  

      The amount of acidity or basicity in a substance or expressed in it is 

known as the hydrogen function. Hydrogen's negative ion logarithm. One 

of the factors affecting fungi development is hydrogen ion concentration 

(Mehra and Jatily 1995). A.flavus and A.parasiticus have the ability to 

expand in a pH range of 1.7 to 9.3. (Gemili). 2014, Ion. As the pH is 

tailored for the sex, hydrogen is one of the most essential elements in the 

development of toxins. (International Committee of the Red Cross and 

Red Crescent Societies, 1996) 3.5 - 8 It ranges from Aspergillus 2-14 in 

terms of aflatoxins production: Conditions of storage 

     On the one hand, storing commodities in a dry location increases 

storage capacity while also protecting it from development. Fungi, on the 

other hand, will develop if the storage process is incorrect or if the 

humidity level is too high. Factors that promote fungi development, as 

well as the storage period of factors that must be managed when they are 

present The use of mycotoxins and the lengthening of storage times make 

it possible to create favorable conditions for mold growth. The synthesis 

of at afltoxins (Kaaya et al., 2000). Foodstuffs are stored in light or dark 

environments. If darkness plays a role in the activation of fungi and the 

development of toxins, storing food in the dark doubles the aflatoxin B1 

concentration as compared to light storage (Kuchari and Qattan, 2001). 



Chapter Three                                Materials and Methods 
 

21 
 

3. Materials and methods 

3-1-1: equipment: 

   The following equipment which was used in this study listed in table3-1 

Table (3-1): equipment used in the laboratory experiments. 

 

 

No Equipment Company Country 

1 Autoclave Gallen Kaamp England 

2 Benzene burner Gallen Kaamp Iraqi 

3 Capillary tube Superestar India 

4 Compound light microscope Olympus Japan 

5 High Speed Cold centrifuge Eppendorf Germany 

6 Distiller Fisons Japan 

7 Electric oven Memmert Germany 

8 Electrophoresis apparatus Shandon England 

9 High Speed centrifuge Hettich Germany 

10 Filter paper Whatman4 England 

11 Gel   Electrophoresis Shndon,scientific England 

12 Hot plate Gallenkamp England 

13 Incubator Memmert Germany 

14 Micropipette at different magnifications  Cyan China 

15 PCR thermocycler T100 BioRad USA 

16 Petri dishes Sailbran China 

17 PH- meter Philips Holand 

18 Refrigerator Concord Lebanon 

19 Rotary evaporator Memmert Germany 

20 Sensitive electronic balance Gallen Kaamp England 

21 Slides and cover slides Superestar India 

22 Test tube Superestar 22 

23 TLC Unisonics England 

24 Ultra violet Bioneer Korea 

25 Vortex mixer Talboys USA 

26 Warring blender National Japan 

27 Water bath Tafesa Germany 

24 Water distillatory Gallenkamp England 

25 Camera Nikon Japan 

26 Cell Disruptor Genie vortex Scientific Industries USA 

27 Tube Rack Double Panel Microcentrifuge PCR 

Centrifuge Tube Holder 

P-ABC USA 

28 Eppendorf tubes BioBasic Canada 

29 MiniOpticon Real Time PCR BioRad USA 

30 PowerPac HC Electrophoresis Power Supply BioRad USA 

31 HPLC   
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3-1-2:  Biological and chemicals Materials  

        The chemicals which were used in this study listed in table (3-2). 

Table (3-2):. Biological and Chemicals Materials 

 

 

 

 

 

No Chemicals Manufacture Origin 

1 Absolute ethanol Fluka Switzerland 

2 Acetic acid BDH England 

3 Agarose Gel Biobasic Canada 

4 Chloroform BDH England 

5 Copper sulphate Scharlau Spain 

6 Dimethyl silphoxide (DMSO) BDH England 

7 Ethanol alcohol BDH England 

8 Ethidium bromide Biobasic Canada 

9 Ferric chloride Scharlau Spain 

10 Formalin BDH England 

11 HCL BDH England 

12 KCL Scharlau Spain 

13 Ladder Bioneer Korea 

14 Mercuric chloride BDH England 

15 Methanol alcohol BDH England 

16 Isopropanol BDH CHEM-LAB Belgium 

17 NaCL BDH England 

18 NaOH BDH England 

19 Picric acid Himedia India 

20 Potassium hydroxide BDH England 

21 Potassium tartarate Scharlau Spain 

22 Protinase K enzyme Bioneer Korea 

23 Stander ochratoxin A promega America 

24 sulfuric acid Scharlau Spain 

25 TBE buffer Biobasic Canada 

26 DNA Marker ladder 1500-100bp iNtRON Korea 

27 DNA Marker ladder 2000-100bp Bioneer Korea 

29 Free nuclease water BioLabs UK 

29 DEPC water Bioneer Korea 

30 Sodium acetate CDH India 
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3-1-3: Agar Culture Media used in the Study  

Table (3-3): Culture media used in the laboratory experiments. 

No Media   Company Used 

 1 Brain Heart 

Infusion Broth 

(BHI Broth) 

Hi Media 

laboratories 

Limited 

 

 2 Potatos Dextrose 

Agar(PDA) 

Hi Media 

laboratories 

Limited(India) 

culture 

 

 3 Sabouraud 

Dextrose Agar 

Medium(SDA) 

Hi Media 

laboratories 

Limited 

Sub- culture 

 4 Sabouraud 

Dextrose Broth 

Hi Media 

laboratories 

Limited 

DNA extraction 

 

3-2: Methods  

3-2-2: Agars culture media used in the study: - 

3-2-2-1:  Potato dextrose agar medium (PDA) 

       Medium was prepared according to the manufacturer's instructions, 

by dissolving 39 grams of the medium powder in 1 liter of distilled water, 

sterilized by autoclave a temperature of 121°c for 20 minutes and then 

cooled to 45°c , after that  added  chloramphenicol in concentration of 

250 mg /l used the agar for the purpose of isolating. 

3-2-2-2:  Sabouraud Dextrose Agar medium (SDA) 

         Medium was prepared according to the manufacturer's instructions, 

by dissolving 65gm from Sabourauds Dextrose Agar in 1 liter of distilled 

water, sterilized by autoclave a temperature of 121 °c for 20 minutes and 

then cooled to 45°c, after that adding chloramphenicol in concentration of 

250 mg /l used the agar for the purpose of isolating and diagnosing 

fungus.  
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3-2-2-3: Sabouraud Dextrose Broth (Sabouraud Liquid Medium) 

 Medium was prepared according to the manufacturer's instructions, 

by dissolving 30gm from Sabourauds Dextrose powder in 1 liter of 

distilled water , sterilized by autoclave  a temperature of 121 °c for 20 

minutes and then cooled to 45°C, after that adding chloramphenicol in 

concentration of 250 mg /l used the agar for the purpose of isolating and 

diagnosing fungus 

3-2-2-4: Brain Heart Infusion Broth (BHI Broth) 

      Medium was prepared according to the manufacturer's instructions, 

by Suspend 37 grams of the powder of medium in one liter of distilled 

water. Mix well and dissolve by heating with frequent agitation. Boil for 

one minute until complete dissolution.  

3_2_3 Growth and maintenance of fungi 

     All fungal isolates were re-cultured on PDA, by taking 0.5 cm 

(diameter) that cut from the age of recent colony of this fungus and 

placed on the center of Petri plate containing sterilized PDA 

supplemented with chloramphenicol (0.05 g/l) at pH 5.6 and incubated at 

28±1ºC for 7 days and then kept in the refrigerator at 5˚C. Fungi were 

maintained on PDA slants at 5 °C and subculture were made every 20 

days throughout this study. 

3-2-3_1: Samples Collection  

      The Fungi were collected from Hilla City, Babylon Province, Iraq. 

The fungi associated with dried fruit used in this research were isolated 

by surface sterilization of the seeds using a solution of sodium 

hypochlorite at a concentration of 1 % for a minute and then washed with 

sterile distilled water three times. The seeds were planted in Petri dishes 

containing PDA medium with 10 seeds in each dish and three Repeats 

and dishes were placed in the incubator at 25˚temperture for 7 days. 
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Fungi isolates were purified and diagnosed according to taxonomic and 

microbiological characteristics depending on the occurrence and 

frequency were calculated according to the following equations. 

3-2-3-2 Dried fruits samples 

      Between September 2020 and February 2021, five types of dried 

fruits including raising, Iraqi raisins, fig, apricot, Hazelnut and Common 

plum were collected from local markets in the city of Hilla, Babylon, 

Iraq. Samples were stored in plastic bags at −20˚C until the isolation of 

fungi. 

3-2-3-3 Isolation of fungi 

      Approximately 250 g of each dried fruits (Apricot, Raisins, Iraqi 

Raisins, Fig and Hazelnut) were selected. The fruits were cut into small 

segments (3 mm in diameter) with a sterilized blade, surface sterilized in 

1% hypochlorite for 2 min, plated on Sabouraud dextrose agar (SDA) 

aseptically and then incubated at 28°C for 5 days. A pure culture was 

obtained and maintained by sub-culturing each of the different colonies 

that emerged onto the SDA plates and incubating at 28°C for 5 days.  

3-2-3-4 Identification of the fungal genera 

      Fungal isolates were sub-cultured for purification, and then identified 

on the basis of their colony morphology and spore characteristics, growth 

pattern, conidial morphology, and pigmentation (Rajankar et al., 2007; 

Oyeleke and Manga, 2008). The identification of the isolated fungi using 

cotton blue in lactophenol stain. The identification was achieved by 

placing a drop of the stain on clean slide with the aid of a mounting 

needle, where a small portion of the aerial mycelia from the 

representative fungi cultures was removed and placed in a drop of 



Chapter Three                                Materials and Methods 
 

26 
 

lactophenol. The mycelium was well spread on the slide with the needle. 

A cover slip was gently placed with little pressure to eliminate air 

bubbles. The slide was then mounted and viewed under the light 

microscope with ×10 and ×40 objective lenses. The morphological 

characteristics and appearance of the fungal organisms seen were 

identified in accordance with Onuorah et al.(1988). 

3-2-3-5 : Fungi Isolation from Dried fruit 

 The Fungi associated with dried fruit   used in this research were 

isolated by surface sterilization of the seeds using a solution of sodium 

hypochlorate at a concentration of 1 % for a 3 minutes  and then washed 

with sterile distilled water three times. The seeds were planted in Petri 

dishes contained PDA medium with 10 seeds in each dish and in three 

Repeats and dishes were placed in the incubator at 25˚temperture for a 

period of 7 days. Fungi isolates were purified and diagnosed according to 

taxonomic and microbiological characteristics depending on (Moubasher, 

et al 1993) and ( Pitt and Hocking, 2009), the occurrence and frequency 

were calculated according to the following equations(Al-Ameri et 

al.,2018): 

                            The number of samples in which the species appeared                                   

 Percentage to appearance=………………………………………………….. ×100 (%)            

                                Total number of this fungal species in all age groups 

The number of isolates of one species               

Frequencypercentage=…………………………………………×100% 

The total number of isolates of all species 
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3-2-4: Diagnosis by Using PCR 

3-2-4-1 Primers: 

       PCR and Real Time PCR primers were designed in this study using 

NCBI-GenBank database and primer3 plus online. These primers were 

provided by Macrogen company from Korea as following table (3-4): 

3-2-4-2: Molecular study Kits 

3-2-4-3: PCR detection Kits 

Table (3-4): The PCR detection Kits used in this study with their 

companies and countries of origin: 

No. Kit Company Country 

1 G-spin Total DNA extraction kit INtRON Korea 

 

CL buffer lysis buffer 

  

BL buffer binding buffer 

Proteinase K 

WA buffer 

WB buffer 

Elution buffer 

GD column 

Collection tube 2ml 

2 Maxime
 
PCR PreMix kit INtRON Korea 

 

Taq DNA polymerase 

  
dNTPs (dATP, dCTP, dGTP, dTTP) 

Tris-HCl pH 9.0, KCl, & MgCl2 

Stabilizer and loading dye 
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3-2-4-2-4:  Methods 

3-2-4-2-4-1: Fungal DNA extraction 

        Fungal genomic DNA was extracted from A. Ochraceus isolates by 

using (G-Spin DNA extraction kit with modification) as and done 

according to company instructions as following steps: 

1-Sample Preparation: 

    a- 1 ml cultured fungal cells were transferred to 1.5 ml microcentrifuge 

tube then centrifuged at 10000 rpm for 1 minute then the supernatant 

was discarded. 

2-Cell Lysis steps: 

   a- 180μl GT buffer and 250mg glass bead were added to the tube and 

the cell pellet suspended by vortex, then 20 µl of Proteinase K was 

added and the mixtures were incubated at 60ºC for 30 minutes. 

During incubation periods the mixtures tubes were inverted every 3 

minutes. 

   b- 200μl GB buffer were added to each tube and mixed by vortex for 10 

seconds. Then the tubes incubated at 60ºC for 10 minutes with 

inverted the tubes every 3 minutes through incubation periods. 

3-DNA binding steps: 

   a- 200μl absolute ethanol were added and immediately mixed by 

vortex, then precipitates if happen was broken by pipetting. 

    b- A GD column was placed in a 2 ml collection tube and all mixtures 

were transferred (including any precipitate) to the GD column. Then 

centrifuged at 10000 rpm for 1 minute. The 2 ml collection tubes that 

contains the flow-through were discarded and placed the GD column 

in a new 2 ml collection tube. 
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4-Washing steps: 

    a- 400μl W1 buffer were added to the GD column, then centrifuged at 

10000rpm for 1 minute. The flow-through was discarded and placed 

the GD column back in the 2 ml collection tube. 

    b-600μl Wash Buffer were added to the GD column. Then centrifuged 

at 10000 rpm for 1 minute. The flow-through was discarded and 

placed the GD column back in the 2 ml collection tube. and the tubes 

were centrifuged again for 2 minutes at 12000 rpm to dry the column 

matrix. 

5-Elution steps: 

    a- The dried GD column was transferred to a clean 1.5ml 

microcentrifuge tube and 100μl of pre-heated elution buffer were 

added to the center of the column matrix. 

    b- The tubes were let stand for at least 3 minutes to ensure the elution 

buffer was absorbed by the matrix. Then centrifuged at 10000 rpm for 

1 minutes to eluted the purified DNA. 

3-2-4-2-4-2:  Estimation of extracted total DNA: 

The extracted total DNA was checked by using Nanodrop (Thermo 

Scientific NanoDrop Lite UV Visible Spectrophotometer. USA) that 

measured DNA concentration (ng/µL) and checked the RNA purity at 

absorbance (260 /280 nm) as following steps: 

1. After opening up the Nanodrop software, chosen the appropriate 

application (Nucleic acid, DNA). 

2. A dry wipe was taken and cleaned the measurement pedestals several 

times. Then carefully pipetted 2μl of free nuclease water and placed onto 

the surface of the lower measurement pedestals for blank the system. 
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3. The Nanodrop sampling arm was lowered and 1μl DNA sample 

measured. 

3-2-4-2-4-3:  PCR master mix preparation 

     PCR master mix reactions for all genes was prepared by using 

(Maxime PCR PreMix kit) and this master mix done according to 

company instructions as following table (3-5): 

 

Table (3-5): Standard PCR master mix protocol: 

PCR Master mix Volume 

DNA template 5-50ng 5µL 

Forward primer (10pmol) 2µL 

Reveres primer (10pmol) 2µL 

PCR water 13µL 

Total volume 20 µL 

 

    After that, these PCR master mix components that mentioned in table 

above placed in standard Maxime PCR PreMix kit tubes that containing 

all other components which needed to PCR reaction such as (Taq DNA 

polymerase, dNTPs, Tris-HCl pH: 9.0, KCl, MgCl2, and loading dye).  

Then, all the PCR tubes transferred into Exispin vortex centrifuge at 

3000rpm for 3 minutes, and then placed in T100 PCR Thermocycler 

(BioRad-USA). 

3-2-4-2-4-4 : PCR Thermocycler Conditions 

      PCR thermocycler conditions protocol for each gene was calculated 

by using Optimase ProtocolWriter™ online application and done by 

using convention PCR thermocycler following table (3-8): 
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Table (3-6): PCR thermocycler conditions protocol: 

No. Gene 

name 

Initial 

denaturation 

Temp./time 

Denaturation 

Temp./time 

Annealing 

Temp./time 

Extension 

Temp./time 

Cycle Final 

extension 

Temp./time 

Hold 

Temp./time 

3 18SrRNA 

gene 

ITS2 

95°C/ 4 min 95°C/ 30 sec 59°C/ 30 

sec. 

72°C/ 60sec. 32 72°C/ 5min 4°C/forever 

 

3-2-4-2-4-5: PCR product analysis  

        The PCR products were analyzed by agarose gel electrophoresis 

method as following steps: 

1- 1.5% Agarose gel was prepared in using 0.5X TBE and dissolving in 

microwave for 5 minutes, and left to cool for 50°C.  

2- Then 3µl ethidium bromide stain was added into agarose gel solution. 

3- Agarose gel solution was poured in tray after fixed the comb in proper 

position and left to solidified for 15 minutes at room temperature, then 

the comb was removed gently from the tray. 

4- The gel tray was fixed in electrophoresis chamber and filled by 0.5X 

TBE buffer.  

5- 10µl PCR product were loaded in to each well with added 5µl (DNA 

marker Ladder) in first well. Then electric current was performed at 100 

volt and 80 AM for 1hour. 

5- PCR products were visualized by using UV Transilluminator. 
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3-2-5: Test The Ability of A.niger and A. ochraceus  Strains to 

Produce Ochratoxin A 

3-2-5-1: Development of A.niger and A. ochraceus Strains  

 The Fungus Strains were purified on a sterile PDA media, the discs 

from the strains were planted with a diameter of 5mm and with 3 

replicates per strain, and these discs were placed in the center of the 

dishes, after which they were incubated at 30˚c for 10 days. 

3-2-5-2: Ochratoxin A Extraction  

 The Ochratoxin A was extracted from A.niger and A. ochraceus 

according to Macdonald et al.,(1999), where three dishes were taken from 

the growth Fungi for a week at a temperature of 30˚C and cut the grown 

medium of Fungi in each plate and put these pieces in an electric blender 

and add 100 ml of a mixture consisting of water and chloroform in a ratio 

of 1:1, after which the mixture was filtered by a 4 layers muslin cloth and 

then transfer the filtrate to a separating funnel and shake well, then take a 

chloroform layer and concentrate it by placing it in the electric oven at 

45˚C.  

3-2-5-3: Determination of Ochratoxin A in A. niger and A. ochraceus  

3-2-5-3-1: Thin Layer Chromatography  

 The TLC technique was used to detect the ability of A.niger and A. 

ochraceus strains. A 9:1 methanol: distilled water separation system used. 

A light straight line was made on the TLC plate 1.5 cm away from the 

base of the lower plate and then 1.5 µl of the standard ochratoxin A was 

applied by a capillary tube on the line. On the left side, the same amount 

of each sample was placed to the right of the standard Ochratoxin A After 

that, the spots were left to dry, then the TLC plates were placed in 

separation basin containing a mixture of methanol and distilled water 9:1 

respectively and monitored until the mobile phase reached a distance of 

1.5 cm from the upper end of the plate. The plate was left to dry and then 
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examined under ultraviolet ray with a wavelength of 365nm. The revealed 

the presenced of the toxin by matching the location and color of the 

fluorescent of the extract with the location and color of Ochratoxin A and 

Rf ratio calculated by    (Sobolev and Dorner, 2002).  

3-2-5-3-2: High Performance Liquid Chromatography  

 Ocratoxine was extracted from samples (5ml or 5gm) by 

homogenization with 20 mL acetonitrile: H2O (6:4, v=v) for 2 minutes. 

The extract was filtered and 4 mL of filtrate was diluted with 25mL 

phosphate buffer saline pH 7.4 (PBS). The samples were degassed in a 

sonic bath for 30 minutes, then the pH was adjusted to 7.2 using 2 M 

sodium hydroxide5 mL of acetonitrile is added to the sample and then 

stored until the analysis is performed. 

3-2-6:  Evaluation of VC-Mediated Inhibition Between P. ostreatus or 

T. harzianum against A. niger and A. ochraceus species.   

1- Sandwiched Petri plates trechnique (volatile Interaction 

Assays) 

       Sandwiched Petri plates, a setup described in Dennis and Webster 

(1971) with modifications, was employed to determine if and how T. 

harzianum and or P. ostreatus VCs affect the growth of A. niger and A. 

ochraceus. Both A. niger and A. ochraceus was individually placed on top 

of T. harzianum and P. ostreatus Petri plates (9 cm diameter). Plates were 

sealed with three layers of Parafilm, and incubated at at 26 ± 2 °C. Each 

plate of pathogenic fungi also was sandwiched with an un-inoculated 

PDA plate (control treatment). Colony diameter of pathogenic fungi was 

measured 5 days later. The inhibitory effect of antagonistic fungi VCs on 

Trichoderma in the same way except that 5-day-old (after the inoculation 

of culture plug). Culture of pathogenic fungi was used to ensure enough 
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biomass. Colony diameter of T. harzianum and P. ostreatus was 

measured 36 h later.  

3-3:In Vitro Antagonist Assay 

       To determine the antagonistic potential of bioagent fungi against 

fungal pathogens isolates (Aspergillus niger and A. ochraceus), dual 

culture method (Kuzmanovska et al., 2018) was used in this study. 

Mycelial disc (5 mm diameter) taken from the margin of the 5-d old 

culture of each pathogen isolate was placed 1.5 cm away from the 

periphery of the Petri plate (90 mm) and a disc with the same size of each 

tested bioagent fungi was placed in the same manner but on the opposite 

end of pathogen sample. Control plates were maintained for each 

pathogen. Three replicates of the experiment were carried out. These 

plates were incubated at 26 ± 2 °C, after 7 d of incubation,  

     The per cent growth inhibition (PGI) was calculated at the seventh day 

using the following formula: where PGI = Growth inhibition of pathogen 

(%); C = Radial growth of the pathogen (control); T = Radial growth of 

the pathogen (treated). 

 

3_4  Effect of Non-Volatile Metabolites (NVM) filtered from bioagent 

fungal cultures. 

Preparation of T. harzianum and P. ostreatus filtrate 

            The methodology described by Dennis and Webster1971; Abd El-

Hai and and Ali, 2019 was used to evaluate the potential of NVM 

(filtered from cultures) produced by T. harzianum and P. ostreatus 

isolates against plant pathogenic fungi (Aspergillus niger and A. 

ochraceus).  Both bioagents and pathogenic fungi were grown on plastic 

Petri dishes (9 cm diameter containing Potato-Dextrose-Agar (PDA) 
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medium. Incubation of the cultures occurred at 26±2 ºC for seven days. 

To obtain the liquid phase with the non-volatile metabolites, the T. 

harzianum and P. ostreatus isolates were cultured in bottles 50 ml size 

containing 25 ml sterile PDB by cutting 0.5 mm culture Dicks 5 days’ old 

followed by incubation at 26 ± 2°C on the shaker at 140 rpm in the dark 

for 10 days. The fungal culture was filtrated twice through filter paper 

No.1, then centrifuged and sterilized using membrane filter of pore size 

(0.22 μm).  The resulted filtrate was kept under cooling in the refrigerator 

in a dark bottle till use.  

3-5:Effect of Non-Volatile Metabolites (NVMs) on growth of 

pathogenic fungi 

      Filtrates of both fungi were used as antifungal agents in this study. 

Three replicates were prepared with agar discs (5 mm diameter) taken 

from pathogen cultures. The mycelial agar disks were deposited in the 

center of each Petri dish containing PDA medium, supplemented with the 

respective antagonist culture filtrates (25%). Control plates consisted of 

mycelial agar disks of each pathogen deposited in PDA medium, with 

sterile distilled water added. Radial mycelial growth of the pathogen was 

carried out by taking the measurements of the diameter of the colonies, in 

centimeter. These measurements were used to calculate the inhibition 

Index of Mycelial Growth (Menten et al. 1976), using the equation: IMG 

(%) = [(Dctreat - Dtreat) / Dctreat] x100, where Dctreat = diameter of the radial 

mycelial growth of the pathogen in the control treatment without filtrates; 

Dtreat = diameter of the radial mycelial growth of the pathogen in the 

treatment with the filtrates. These evaluations were performed when the 

entire surface of the medium, in the control treatment, was colonized by 

the pathogen. 

 

 

https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1676-06032018000100503#B024
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3-6:Statistical analysis 

   The data were expressed as mean ± standard error (SE). Statistical 

analysis was carried out using factorial experiments and  using least 

significant difference (LSD) to compare between two means at significant 

level p ≤ 0.05.  
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4-1: Isolation and Morphological Identification of fungi 

      Colony the color, periphery of the fungal colony, texture, and colony 

reverse colors of several fungal species isolated from dried fruit samples 

exhibited substantial heterogeneity in morphological and cultural traits. 

As shown in Figure (4-1), ten species were identified based on 

morphological characteristics, four of which are Aspergillus species: A. 

niger, A. terrus, A. flavus, and A. ochraceus. 380 fungal isolates were 

counted on PDA in raisins, raisins Iraq, figs, apricots, Hazelnut and 

Common plum samples distribution of fungal contaminated dried fruits, 

according to the fungal analysis of the dried fruits samples. Aspergillus 

sp. ,Fusarium sp. , Nigrospora spp. and Penicillium spp. were among the 

isolated species. 

       Aspergillus spp. was the most prevalent genus, as indicated in Figure 

(4-1). The results of this experiment (Table4-2) showed that the total 

number of isolates was 380 isolates. The highest number of isolates was 

obtained by A. niger 80 (21%) followed by Fusarium sp. 53 (13.9%) 

then, A.flavus 55 (14.47%), Penicillium spp. 34(8.9%), A. terrus 50 

(13.1%), A. ochraceus 40 (10.5%) and Nigrospora sp.25 (6.5%) 

respectively.  
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Figure 4-1. Photographs of the colonies of A. ochraceous(A1), 

Aspergillus niger (B1), A. flavus (c1),A. terreus (D1) and Nigrospora 

(E1),in PDA at 25 ºC after 7 days 

Table4-1. Number of fungi isolates from dried fruits 

Fungal species Number of isolates Proportion of each 

isolate % 

A Aspergillus. 

Terreus 

50 13.16 

A. flavus 55 14.47 

A . niger 80 21.05 

A. ochraceus 40 10.53 

A.Parasiticus 20 5.26 

Fusarium sp. 53 13.95 

Mucur 10 2.63 

Nigrospora sp. 25 6.59 

Penicillium spp. 34 8.95 

Rhizophs 13 3.42 

Total 380 100% 
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4-2: The Percentage of the Appearance 

       The percentage of contaminating fungi that appeared on dried fruits 

varied depending on the type of dried fruits and the contaminant fungus. 

Apricot, Raisins, and Iraqi Raisins all had rather uniform infection to the 

dried fruits. While infection in other dried fruits (Hazelnut, Figs, and 

Common plum) was variable (Table 4-3). As described below: 

      The proportion (%) of A. niger, A. terreus, A. flavus, A. ochraceus, 

Fusarium spp., Nigrospora isolated from dried fruits (Vitis vinifera L. 

,ficus Carica L. ,  prunus armeniaca L. ,  Juglans regia L and Common 

plum) grown on PDA for seven days at 25±1 
o
C are as the following: 

Abricot: A. niger (83.3%), A. terreus (33.3), A. flavus, (66.6), Fusarium 

spp. (50), Nigrospora (66.6), Penicillium spp. (100) and A. ocraceus 

(33.3). Raisins:A. niger (100%), A. terreus (33.3), A. flavus, (83.3), 

Fusarium spp. (33.3), Nigrospora 33.3), Penicillium spp. (66.6) and A. 

ocraceus (50).  

   Iraqi raisins: A. niger (100%), A. terreus (50), A. flavus, (50), 

Fusarium spp. (100), Nigrospora (15), Penicillium spp. (83.3) and A. 

ocraceus (50). Hazelnut:  A. niger (0), A. terreus (0), A. flavus, (15), 

Fusarium spp. (33.3), Nigrospora (0), Penicillium spp. (0) and A. 

ocraceus (0).Figs: A. niger (15), A. terreus (0), A. flavus, (0), Fusarium 

spp. (0), Nigrospora (0), Penicillium spp. (33.3) and A. ocraceus (50). 

Common plum: A. niger (15), A. terreus (0), A. flavus, (0), Fusarium spp. 

(15),  Nigrospora (0), Penicillium spp. (0) and A. ocraceus (33.3). 
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Figure (4-2): The percentage of the appearance for A. niger, A. terreus, A. flavus, A. 

ochraceus Penicillium spp., Fusarium sp. , Nigrospora sp. , Rhizophs, mucor and 

Paraciticus isolated from dried fruits (raisins, Iraq raisins , figs, apricots, Hazelnut 

and Common plum), grown on PDA for seven days at 25±1 
o
C. 

4-3:The percentage of frequency 

       The frequency of A. niger in apricot (33.3%), raisins (100%), Iraqi 

raisins (63%), Hazelnut (0%), fig (16%) and Common plum (25%). 

While the Frequency percentage of A. terreus to the dried fruits as the 

following:  apricots (47%), raisins (31.3, and Iraqi raisins (27.7%) but no 

infection was reported in the other dried fruits (Hazelnut, Figs and 

Common plum).  But the frequency occurred by A. flavus was in apricot 

(52.1%), raisins (64.6%), Iraqi raisins (26%), Hazelnut (6.6%), fig (0%) 

and Common plum (0%). In contrast, the the percentage of frequency in 

dried fruit happen by Fusarium was in apricot (86.6%), raisins (40%), 

Iraqi raisins (100%), Hazelnut (13.3%), fig (0%) and Common plum 

(6.6%). Also, the frequency tookplace by Nigrospora sp. was in apricot 

Rhizophs Mucor 

A.parasiticus 
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(60%), raisins (33.3%), Iraqi raisins (13.3%), Hazelnut (0%), fig (0%) 

and Common plum (0%). In dried dried fruits infected by Penicillium 

spp. was as the following: apricot (100%), raisins (47.6%), Iraqi raisins 

(60%), Hazelnut (0%), fig (9%) and Common plum (0%). whereas in A. 

ochraceus:  apricot (41.6%), raisins (27%), Iraqi raisins (25%), Hazelnut 

(0%), fig (13%) and Common plum (4%).(Saadullah and Abdullah,2014) 

and that the reason for the emergence of Aspergillus in foodstuffs is the 

possession of this type of  dried fruit with the ability to produce a large 

number of enzymes that degrade foodstuffs, which are used for nutrition  

and growth.  Low humidity plus the relative density of your sinks, Eaton 

& Groopman 
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Figure (4-3): The frequency of A. niger, A. terreus, A. flavus, A. ochraceus 

Penicillium spp., Fusarium sp. ,Nigrospora sp , Rhizophs,mucar and Paraciticus 

isolated from dried fruits  ( raisins,Iraq raisins , figs, apricots, Hazelnut and Common 

plum), grown on PDA for seven days at 25±1 
o
C. 

 

 

 

 

 

Rhizophs Mucor 

A.parasiticus 
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Table(4-2): Frequency and Appearance Ratio of Dried Apricot Fruits 

Fungus  hi ihsAl lA  Hilla centerhi  Al Hamzah 

Mean±S.E 

Aspergillus.flavus 28.27±1.81 26.15±4.50 24.70±2.81 

A.niger 13.39±4.40 9.30±2.45 9.08±2.69 

A.ochracoues 0.00±0.00 1.39±1.38 4.32±2.26 

A.terrus 15.47±2.97 23.14±2.31 22.64±0.82 

  Sp. Fusurium 4.17±2.08 4.42±2.62 1.59±1.58 

Mucor 4.17±2.08 1.85±1.85 2.87±1.45 

  Sp.Nigrospora 3.21±2.09 10.56±2.52 3.03±1.57 

Parasiticus 5.52±1.19 6.01±1.22 12.27±1.84 

  Spp.Penicilium 11.01±3.65 20.16±2.49 18.02±1.11 

   Rhizophs 6.25±1.60 2.78±2.77 3.34±1.67 

 

LSD(0.05) for fungus=3.576, LSD(0.05) for S=1.959, LSD(0.05) for fungus*S 

=6.194, S=least significant differences(LSD) 

Table (4-3). Frequency and appearance ratio of dried figs 

Fungus Al Hashimih  Al Hilla Center Al Hamzah 

Mean±S.E 

Aspergillus.flavus 18.18±4.00 26.62±1.95 23.16±3.53 

A.niger 14.14±2.08 12.55±1.73 12.18±3.01 

A.ochracoues 4.32±1.22 1.51±1.51 4.03±0.41 

A.terrus 19.30±1.79 19.21±1.10 14.57±3.74 

Fusurium sp. 2.75±1.39 6.35±0.79 5.05±1.60 

Mucor 7.63±2.04 4.63±1.31 5.18±1.69 

Nigrospora sp. 12.85±3.77 3.97±1.09 9.39±2.95 

Parasiticus 3.08±1.63 7.25±1.56 4.10±0.34 

Penicilium spp. 9.48±2.98 10.09±1.89 12.11±1.23 

Rhizophs 8.25±2.18 4.69±1.74 10.23±1.34 

 

LSD(0.05) for fungus=3.945, LSD(0.05) for S=2.160, LSD(0.05) for fungus*S 

=6.833, S=least significant differences (LSD) 
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Table (4-4): The percentage of appearance of the dried fruits of Iraqi 

raisins 

Fungus Al Hashimih Al Hilla Center Al Hamzah 

Mean±S.E 

Aspergillus.flavus 22.44±2.45 20.99±5.75 18.69±0.40 

A.niger 12.09±3.72 8.85±1.90 8.72±1.24 

A.ochracoues 1.28±1.28 3.34±0.67 3.16±0.80 

A.terreus 22.08±2.02 14.15±2.05 16.48±0.62 

Fusurium sp. 5.69±1.69 1.59±0.50 5.53±1.36 

Mucor 5.46±1.11 3.92±0.92 7.87±0.99 

Nigrospora sp. 8.37±0.40 7.09±1.60 7.24±1.07 

Parasiticus 5.46±1.11 12.87±3.56 15.07±2.41 

Penicilium spp 15.06±0.74 11.98±3.08 16.66±1.08 

Rhizophs 4.18±0.20 10.06±2.49 9.55±1.84 

LSD(0.05) for fungus=3.575, LSD(0.05) for S=1.958, LSD(0.05) for 

fungus*S =6.193, S=least significant differences(LSD) 

Table (4-5): Frequency and appearance ratio of dried fruits for raisins 

Fungus Al Hashimih  Al Hilla Center Al Hamzah 

Mean±S.E 

Aspergillus.flavus 34.87±7.43 18.12±2.29 10.14±3.00 

A.niger 15.49±3.37 10.14±2.24 12.96±3.76 

A.ochracoues 5.28±0.79 4.01±0.37 0.00±0.00 

A.terrus 19.36±2.78 18.82±2.64 27.00±4.24 

Fusurium sp. 6.42±1.65 5.64±1.88 3.67±1.88 

Mucor 4.10±0.76 2.42±0.21 5.63±0.44 

Nigrospora sp. 12.79±1.71 5.20±1.01 8.50±2.59 

Parasiticus 3.27±0.22 7.23±2.12 4.59±0.80 

Penicilium spp 15.04±0.29 13.82±1.82 16.69±2.03 

Rhizophs 7.49±0.74 14.35±4.04 12.32±1.76 

, LSD(0.05) for fungus=6.844, LSD(0.05) for S=3.748, LSD(0.05) for fungus*S 

=11.854, S=least significant differences(LSD) 
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Table(4-6):Frequency and appearance ratio of dried fruit of 

walnut 

Fungus Al Hashimih Al Hilla Center Al Hamzah 

Mean±S.E 

Aspergillus 

A.flavus 
17.13±2.81 9.70±2.25 15.58±4.32 

A.niger 9.66±2.05 14.83±2.43 7.14±1.12 

A.ochracoues 0.00±0.00 0.00±0.00 0.00±0.00 

A.terrus 13.42±1.66 13.67±2.07 17.96±2.06 

Fusurium sp. 4.95±1.71 16.33±3.51 2.38±0.31 

Mucor 5.40±1.47 10.03±1.01 7.77±1.16 

Nigrospora sp. 13.42±1.66 9.97±1.51 10.17±2.20 

 Parasiticus 5.24±1.08 9.42±2.42 7.79±0.65 

Penicilium spp. 8.02±0.31 7.41±1.40 7.79±0.65 

Rhizophs 11.72±3.39 15.97±2.99 18.61±4.33 

LSD(0.05) for fungus=6.088, LSD(0.05) for S=3.334, LSD(0.05) for fungus*S 

=10.545, S=leat significant differences(LSD) 

 

4-4: Polymerase Chain Reaction (PCR) 

         Aspergillus species have been found to produce OTA, a mycotoxin 

with nephrotoxic,immunosuppressive, teratogenic,and carcinogenic 

properties. These data are similar to those Sambrook, and Russell, (2001). 

After phenotypic and microscopic diagnosis, molecular diagnosis is made 

using pcr  technique As it is a modern and developed technology and one 

of the most sensitive and accurate techniques that depends on DNA as 

amplification by means of it facilitates the identification of the diameter  

(Edel,V. 2000 ;Moslem,et al., 2010)  

These results are similar to what they reached (Patiño et al.,2005) he 

initiator pcr corelated appropriately with the target genotype and gave 

positive result Pe-1, Pe-2, Pe-3,Pe-4 ,Pe-5, Pe-6,Pe-7, Pe-8. In 420pb. 
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Figure(4-4). Agarose gel electrophoresis image that showed the PCR product analysis 

of 18S rRNA gene ITS2 gene from extracted DNA of Aspergillus ochraceus isolates. 

Where M: marker (1500-100bp) and the positive Aspergillus ochraceus isolates were 

showed at (420bp) PCR product 

4-5: Thin layer chromatographic (TLC) 

     The results of detection using TLC showed that 6 isolates for each of  

the A.Ochraceus and A.niger were mostly produced ochratoxin in 

different types of dried fruits of figs, raisins, apricots, Iraqi raisins and 

dried apricots, and 90% produced the toxin by comparing the color of 

shine with the extract of each isolate.  First sample there is no quantity for 

Ochratoxin, sample carry over factor is 32.35 in sample 3, 4 there is 

another toxin in sample 5 and carry over factor is 31.76.  In Sample No. 

6, the carry-over factor was 32.94.  
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Table(4-7): RF value of  (OTA ) detected by TLC for A.ochracoues and 

A.niger 

RF % Isolated No Fungus 

- 1  

 

 

 

A.ochracoues 

32.35 2 

- 3 

- 4 

31.76 5 

32.94 6 

- 1 A.niger 

30 2 

30 3 

- 4 

37.4 5 

35.9 6 

  

 

Figure4-5. Thin layer chromatographic (TLC) of Ochratoxin in A. 

ochraceus and A.niger  
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:HPLC Analysis6-4 

        Under chromatographic settings, appropriate OTA (Figure 3) in A. 

ochraceus extracted from raisin sample was detected using HPLC in a 

stationary phase and a step gradient polarity system of mobile phase.  

 It has appeared that the retention time min was (4.81). While the OTA in 

the fig was (4.86). Similar results were obtained with other studies Al-

Hazmi, (2010). The Ochratoxin A HPLC chromatogram of the standard 

appearance of retention time min (0.236) Other studies confirm the 

presence Ochratoxin A in raisin. Ochratoxin A in  A.niger compound in 

the apricot. a raisin in Iraq, nut a dry fruit sample was identified under the 

chromatographic conditions Figure (4-4), appearance the maximum of 

retention time min (4.86) Ochratoxin A in Ochracuse compound in the fig 

dry fruit sample was identified under the chromatographic conditions f. 

plants like the result (Chebil,2020). The Ochratoxin A HPLC 

chromatogram of the standard (Fig4) and the positive sample of the 

maximum concentration (2.887) 

 

Table (4_8):Standard Ochratoxin A (0.25ppb) 

 Eeten.Time 

    (min) 

  Area 

(Mau.s) 

Height 

(mAU) 

Areea 

  (%) 

Height 

  (%) 

W05 

 

(min) 

 

1 4.813 327.901 64.091 100.0 100.0 0.09 Compound 

Name 

 Total 327.901 64.091 100.0 100.0   
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Figure( 5_6): HPLC chromatogram standard Ochratoxin A  ( 0.25 ppb ) 

 

 

       srecarhcOTable (4-9):HPLC Ochratoxin A concentration in A.niger and A. 

 

 

 

 

 

 

 

 

 

No. 
 

Con ( ppb ) 

 

No. 

 

Con (ppb) 

1. A.niger 2.49 4. A.niger 2.10 

2. A.niger 3.14 5. A.Ochraceus 88.47 

3. A.niger 2.16 6. A.Ochraceus 96.79 
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Figure(4-7): HPLC chromatogram of Ochratoxin A in raisin 

contaminated with A. ochraceus 

Table(4-10): HPLC chromatogram of Ochratoxin A in raisin 

contaminated with A. ochraceus 

Reten. Time Area Height Area Height W05 

[min] [mAU.s] [mAU] [%] [%] [min] 

2.597 305.873 32.834 5.7 9.3 0.16 

3.460 395.666 32.456 7.3 9.2 0.22 

4.863 4691.075 285.938 87.0 81.4 0.29 

Total 5392.614 351.229 100.0 100.0  

 

 

Figure4-8: HPLC chromatogram of Ochratoxin A in Iraqi raisin 

contaminated with A. ochraceus 

Table(4-11): HPLC chromatogram of Ochratoxin A in Iraqi raisin 

contaminated with A. ochraceus 

Reten. Time Area Height Area Height W05 
[min] [mAU.s] [mAU] [%] [%] [min] 

2.583 93.029 12.798 10.4 16.2 0.13 

3.443 182.933 18.049 20.5 22.9 0.18 

4.860 617.765 48.139 69.1 60.9 0.22 

Total 893.727 78.985 100.0 100.0  
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Figure(4-9): HPLC chromatogram of Ochratoxin A in Fig fruits 

contaminated with A. niger 

Table(4-12): HPLC chromatogram of Ochratoxin A in Fig fruits 

contaminated with A. niger 

Reten. Time Area Height Area Height W05 
[min] [mAU.s] [mAU] [%] [%] [min] 

2.583 93.029 12.798 10.4 16.2 0.13 

3.443 182.933 18.049 20.5 22.9 0.18 

4.860 617.765 48.139 69.1 60.9 0.22 

Total 893.727 78.985 100.0 100.0  

 

 

Table (4-13): HPLC chromatogram of Ochratoxin A in Apricot fruits 

contaminated with A. niger 

Reten. Time Area Height Area Height W05 
[min] [mAU.s] [mAU] [%] [%] [min] 

2.597 305.873 32.834 5.4 9.3 0.16 

3.460 407.810 32.055 7.2 9.1 0.22 

4.863 4966.510 286.382 87.4 81.5 0.29 

Total 5680.194 351.271 100.0 100.0  
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Figure (4-10):  HPLC chromatogram of Ochratoxin A in Walnut fruits 

contaminated with A. niger 

Table( 4-14): HPLC chromatogram of Ochratoxin A in Walnut fruits 

contaminated with A. niger 

Reten. 

Time 

Area Height Area Height W05 

[min] [mAU.s] [mAU] [%] [%] [min] 

2.583 93.029 12.798 10.4 16.2 0.13 

3.443 182.933 18.049 20.5 22.9 0.18 

4.860 617.765 48.139 69.1 60.9 0.22 

Total 893.727 78.985 100.0 100.0  

      

 

 

Figure(4-11): HPLC chromatogram of Ochratoxin A in Prunus fruits 

contaminated with A. niger 

Table(4-15):HPLC chromatogram of Ochratoxin A in Prunus fruits 

contaminated with A. niger 
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Reten. Time Area Height Area Height W05 

[min] [mAU.s] [mAU] [%] [%] [min] 

2.597 147.966 19.781 10.0 12.7 0.12 

3.460 95.845 12.182 6.4 7.9 0.14 

4.863 1242.453 123.202 83.6 79.4 0.18 

Total 1486.264 155.164 100.0 100.0  

   

Table(4_16): Antagonistic activity of P. ostreatus and T. harzianum 

against A. niger and A. ochraceus 

 

4-7 Dual plate assay 

4-7-1: Antagonistic activity of P. ostreatus 

     Mycelial growth of A. niger and A. ochraceusisolates treated with P. 

ostreatus were substantial reducedwhich mostly covered the Petri plates 

after seven days (Table 4-13) for both pathogenic fungi respectively. This 

antagonistic fungus grew fairly quickly and was substantial inhibitory 

effect on growth of both isolates.  

     The growth of A. niger and A. ochraceus after two days of inoculation 

was 2.07 cm and 3.13 cm compared with untreated (3.23 and 4.33 cm) for 

A. niger and A. ochraceusrespectively. After 4 days of inoculation the 

dial growth of pathogenic fungi was 3.13 and 4.33 cm compared with 

untreated pathogenic fungi (4.80 and 5.23 cm) respectively.  

     In contrast, the growth of pathogenic fungi after 6 days of inoculation 

was 4.63 and 6.10 cm compared with untreated fungi (5.80 and 7.07 cm) 

respectively. Differences for treatments, Time and interaction were 

significant (P < 0.05). 
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     Table (4-17): Antagonistic activity of P. ostreatus (dual culture), on 

growth of A. niger and A. ochraceus on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates with 

standard error (SE). LSD 0.05= for treatment=0.645, for day=0.567 and for 

treatment*day =1.134 

 

Treatments 2 days 4 days 6 days 

Mean±S.E 

P.ostreatus *A.niger 2.07±0.29 3.13±0.35 4.63±0.27 

A-niger 3.23±0.33 4.80±0.52 5.80±0.87 

P.ostreatus * A. ochraceus 3.13±0.24 4.33±0.24 6.10±0.20 

A. ochraceus 4.33±0.63 5.23±0.53 7.07±0.59 

 

4-7-2:Antagonistic activity of T. harzianum 

      Similar tendency was occurred with antagonistic activity of T. 

harzianumagainst mycelial growth of A. niger and A. ochraceus (Table 4-

14), which substantialreducedafter 2 days of inoculation to 3.10 and 3.17 

cm compared to that in control 4.36 and 4.20 cm respectively. While the 

reduction in mycelial growth of both pathogenic fungi was significantly 

(P < 0.05) increased after 4 days of inoculation: 4.03 and 4.33 cm 

compared with untreated one:  6,47 and 6.07 cm respectively. In contrast, 

growth of A. niger and A. Ochraceus was also decreased significantly 

after 6 days of inoculation to 5.27 and 5.33 cm compared to the control 

(7.50 and 6.73 cm). Differences for treatments, Time and interaction were 

significant (P < 0.05). 
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   Table(4_18): Antagonistic activity of T.harzianum(dual culture), on 

growth of A. niger and A. ochraceus on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates with 

standard error (SE). LSD 0.05= for treatment=0.452, for day=0.391 and for 

treatment*day =0.783 

 

Treatments 2 days 4 days 6 days 

Mean±S.E 

T. harzianum *A.niger 3.10±0.20 4.03±0.08 5.27±0.49 

A-niger 4.63±0.08 6.47±0.24 7.50±0.28 

T. harzianum* A. ochraceus 3.17±0.20 4.33±0.24 5.33±0.37 

A. ochraceusl 4.20±0.23 6.07±0.58 6.73±0.43 

 

4-8: Effect of volatile substances from T. harzianumand and 

 P. ostreatus against A. niger and A. ochraceus 

P. ostreatus 

      The pathogens A. niger and A. ochraceus, which were not treated 

with bioagent fungi, grew so quickly that they covered whole plates in 

control cultures in seven days, whereas pathogenic fungi that came into 

contact with volatile compounds from antagonistic fungusP. ostreatus 

had their growth restricted with substantial morphological changes 

(Table4-14). 

     The volatile of P. ostreatus was considerably reduced (P 0.05) growth 

diameter of pathogenic fungi after 2 days:A. niger (1.83 cm), A. 

ochraceus(2.67cm), 4 days: 3.03, 3.70 cm and after 6 days: 3.43 and 

5.93cm respectively compared with control treatment: 2(4.3, 3.97 cm), 4 

(4.50 and 4.93) and 6: (5.40 and 6.10 respectively. As the volatile 

metabolites had a substantial inhibitory effect (P < 0.05) on growth of the 
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pathogenic fungi studied. In contrast, the growth average of both 

pathogenic fungi was not differed significantly. Differences for 

treatments, Time and interaction were significant (P < 0.05). 

     Table (4-19): Effect of volatile substances of P. ostreatus on growth 

of A. niger and A. ochraceus on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates with 

standard error (SE). LSD 0.05= for treatment=0.976, for day=0.846 and for 

treatment*day =1.691 

Treatments 2 days 4 days 6 days 

Mean±S.E 

P.ostreatus*A.niger 1.83±0.41 3.03±0.08 3.43±0.80 

A-niger  4.30±0.70 4.50±0.46 5.40±0.20 

P ostreatus *A. ochraceus 2.67±0.38 3.70±0.55 5.93±0.34 

A. ochraceus 3.97±0.29 4.93±1.03 6.10±0.97 

 

T. harzianum 

     Pathogenic fungi (A. niger and A. ochraceus) that came into contact 

with volatile substances from antagonistic fungus T. harzianum were 

grown fairly slowly with substantial morphological changes, compared 

with untreated fungi which both of them covered the whole plates in 

seven days, whereas the growth of bioagent fungus (T. harzianum) grew 

quickly and covered whole plates in the same period (Table 4-16). 

     The volatile of T. harzianumwas considerably (P 0.05) reduced growth 

diameter of pathogenic fungi after 2 days: A. niger (3.27 cm), A. 

ochraceus (3.10 cm), 4 days: 4.30, 3.87 cm and after 6 days: 5.67 and 

5.00 cm respectively compared with control treatment: 2(5.10 and 6.07 

cm), 4 (6.57 and 4.93) and 6: (5.40 and 6.10 respectively. As the volatile 

metabolites had a substantial inhibitory effect (P < 0.05) on growth of the 

pathogenic fungi studied. In contrast, the growth average of both 
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pathogenic fungi was not differed significantly after 4 and 6 days of 

inoculation. Differences for treatments, Time and interaction were 

significant (P < 0.05). 

      Table (4-20): Effect of volatile substances of T. harzianum on growth 

of A. niger and A. ochraceus on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates with 

standard error (SE). LSD 0.05= for treatment=0.457, for day=0.395and for 

treatment*day =0.791 

Treatments 2 days 4 days 6 days 

Mean±S.E 

T. harzianum *A.niger 3.27±0.17 4.30±0.18 5.67±0.44 

A-niger  5.10±0.55 6.57±0.31 7.77±0.14 

T. harzianum * A. ochraceus 3.10±0.15 3.87±0.24 5.00±0.11 

A. ochraceus  6.07±0.34 6.57±0.53 7.60±0.30 

 

4-9:Antagonistic effect non-volatile substances (filtrates) of P. 

ostreatus and T. harzianum 

P. ostreatus 

      The filtrate of P. ostreatuswas greatly affected the morphological 

characteristics as the color, texture and nature of colonies for both A. 

niger and A. ochraceus (table 4-17). Filtrate of P. ostreatus inhibited the 

growth of the pathogenic fungi and maximumrestriction was detected and 

more obviously in A. niger followed by A. ochraceus. The growth in 

control samples, on the other hand, mainly covered the entire plate after 7 

days of inoculation. 

     P. ostreatusfiltrate was considerably (P 0.05) minimized the growth 

diameter of pathogenic fungi after 2 days: A. niger (1.40 cm), 
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      A. ochraceus (1.60 cm), 4 days: 1.73 and 2.37cm) and after 6 days: 

3.03 and 2.47 cm respectively compared with control treatment: 2 (3.40 

and 4.17 cm), 4 (4.93 and 6.23) and 6: (6.90 and 7.60) respectively. As 

the metabolites of bioagent fungus had a substantial inhibitory effect (P < 

0.05) on growth of the pathogenic fungi studied. In contrast, the growth 

average of both pathogenic fungi was differed significantly after 2, 4 and 

6 days of inoculation. Differences for treatments, Time and interaction 

were significant (P < 0.05). 

     Table(4-21): Effect of nonvolatile substances (filtrate of P. 

ostreatuson growth of A. niger and A. ochraceus on PDA at 25±1
o
C after 

7 days of inoculation. The data are shown as the average of three 

replicates with standard error (SE). LSD 0.05= for treatment=0.585, for 

day=0.507and for treatment*day =1.014  

Treatments 2 days 4 days 6 days 

Mean±S.E 

P ostreatus *A.niger 1.40±0.30 1.73±0.29 3.03±0.26 

A-niger  3.40±0.40 4.93±0.52 6.90±0.20 

P. ostreatus *A. ochraceus 1.60±0.30 2.37±0.34 2.47±0.49 

A. ochraceus  4.17±0.72 6.23±0.37 7.60±0.51 

 

 

 

 

T. harzianum  

     The results of this experiment (Fig. 4 -A2 to D2) revealed that the 

filtrate of T. harzianum completely reduced the colony growth of all 

Fusarium spp. Despite the purity of the filtration procedure to T. 

harzianum fungal filtrate, many spores passed through filtration, and that 

increased the antagonistic capacities to cover the entire plate and prevent 

pathogen growth. Therefore, highly inhibitory effect to the fungal 

pathodens was occurred due to the filtrate and to the direct growth of T. 
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harzianum spores which totally overcome the colony development of 

fusarium species.  

     In contrast, the growth of all Fusarium species (F. incarnatum AJA, F. 

solani AJA1, F. solani AJA2 and F. oxysporum AJA) in untreated Petri 

plates covered the entire plates during the same period. 

 

 

Table(4-22): Effect of nonvolatile substances (filtrate) of T. harzianum 

on growth ofA. niger and A. ochraceus on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates with 

standard error (SE). LSD 0.05= for treatment=0.419, for day=0.362 and for 

treatment*day =0.725 

Treatments 2 days 4 days 6 days 

Mean±S.E 

T. harzianum *A.niger 3.07±0.17 3.60±0.30 4.77±0.14 

A-niger  4.50±0.28 6.40±0.20 7.43±0.47 

T. harzianum * A. ochraceus 3.50±0.28 4.60±0.35 5.50±0.28 

 A. ochraceus  5.10±0.20 6.40±0.40 7.60±0.30 

 

 

 

4-10:  Antagonist activity of P. ostreatus on percentage inhibition of 

A. niger and A. ochraceus  

      The inhibition percentage for A. niger and A. ochraceus mycelia by P. 

ostreatus mycelia was clearly observed using dual culture tests (Table 4-

18). Current results revealed that there was substantial effect of P. 

ostreatus against pathogenic fungi. 

4-11:Inhibitory effect of P. ostreatus on A. niger 

     The antagonist activity of P. ostreatus(dual culture) revealed that the 

percent of inhibition against in growth of A. niger(Table 4-18) after 2, 4 
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and 6 days of inoculation was: 17.6%, 33.5% and 55.1% respectively. But 

when using the volatile substances, the percent of inhibition to the growth 

of fungal pathogen after 2, 4 and 6 days of inoculation was: 30.7, 36.5 

and 52.4% respectively. In contrast, the percent of inhibition to the 

growth of A. niger treatedwith fungal filtrates of P. ostreatus after 2, 4 

and 6 days of inoculation was:  41.6%, 55.6 % and 64.9 % respectively. 

Non-volatile substance (fungal filtrate) was the greatest inhibitory effect 

on growth of A. niger along the period of experiment compared with that 

of dual culture and volatile substances. 

4-12:Inhibitory effect of P. ostreatus on A. ochraceus 

     The inhibitory effect of P. ostreatus (dual culture) against the growth 

of A. ochraceus (Table 4-18)after 2, 4 and 6 days of inoculation using 

dual culture technique was: 12.9%, 17.2% and 24.41% respectively. But 

when using the volatile substances, the percent of inhibition to the growth 

of fungal pathogen after 2, 4 and 6 days of inoculation was: 17.3, 23.5 

and 29.3 % respectively. In contrast, the percent of inhibition to the 

growth of A. ochraceus,treated with fungal filtrates of P. ostreatus after 

2, 4 and 6 days of inoculation was:  57.2%, 61.4% and 66.7% 

respectively. Non-volatile substance (fungal filtrate) was the greatest 

inhibitory effect on growth of A. ochraceusalong the period of 

experiment compared with that of dual culture and volatile substances. 
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Table(4-23): Effect of P. ostreatus: antagonism (dual culture), volatile 

and non-volatile metabolites) on growth as inhibition percentage of A. 

niger and A. ochraceus grown on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates.  

 

Bioagents Treatments Days after inoculation Mean 

2 4 6 

A. Niger Dual culture 17.6 33.5 55.1 35.4 
Volatile metabolites 30.7 36.5 52.4 39.8 
Non-volatile 41.6 55.6 64.9 54 

A. ochraceus Dual culture 12.9 17.2 24.4 18.1 
Volatile metabolites 17.3 23.5 29.3 23.3 
Non-volatile 57.2 61.4 66.7 175.3 

 

 

4-13:Antagonist activity of T. harzianum on percentage inhibition of 

A. niger and A. ochraceus  

      Using dual culture experiments, the inhibition percentage ofA. niger 

and A. ochraceus mycelia by T. harzianum mycelia was clearly detected 

(Table 4-19). T. harzianum has a significant effect against pathogenic 

fungus, according to recent findings. 

4-13-1 Inhibitory effect of T. harzianum on A. niger 

     The antagonist activity of T. harzianum (dual culture) demonstrated 

that at 2, 4, and 6 days after inoculation, the percent of inhibition against 

the growth of A. niger was 30, 32.8, and 37.4 %, respectively. However, 

after 2, 4, and 6 days of inoculation, the percentage of inhibition to 

growth of pathogen was 26.9%, 34.9%, and 34.9 %, respectively, when 

volatile chemicals were used. The suppression to A. niger growth treated 

with filtrate of T. harzianum after 2, 4, and 6 days of inoculation was: 

31.1, 35.2, and 43.4% respectively. In comparison to dual culture and 
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volatile chemicals, non-volatile material (fungal filtrate) had the highest 

inhibitory effect on A. niger growth during the course of the experiment. 

4-13-2:Inhibitory effect of T. harzianum on A. ochraceus 

       T. harzianum (dual culture) has an inhibiting effect on A. ochraceus 

growth. The percentage of inhibition to the growth of this pathogen 

(Table 4-19) after 2, 4 and 6 days of inoculation using dual culture 

procedure was: 20.7%, 23.5% and 27.5% respectively. However, when 

using volatile substances, the inhibition percentage to A. ochraceusafter 

2, 4 and 6 days of inoculation was: 37.2, 39.7and 48.5% respectively.  

     After 2, 4, and 6 days of inoculation, the percent inhibition of A. 

ochraceus growth treated with fungal filtrates of P. ostreatus was 27.6%, 

30.5 and 31.2% respectively. In comparison to dual culture and volatile 

substances, Volatile substance had the largest inhibitory effect on A. 

ochraceus growth over the course of the experiment. 

Table(4-24): Effect of T, harzianum: antagonism (dual culture), volatile 

and non-volatile metabolites) on growth as inhibition percentage of A. 

niger and A. ochraceus grown on PDA at 25±1
o
C after 7 days of 

inoculation. The data are shown as the average of three replicates.  

Bioagents Treatments Days after inoculation Mean 

2 4 6 

A. niger Dual culture 30 32.8 37.4 33.4 
Volatile metabolites 26.9 34 34.9 31.9 
Non-volatile 31.1 35.2 43.4 36.5 

A. ochraceus Dual culture 20.7 23.5 27.5 23.9 
Volatile metabolites 37.2 39.7 48.5 41.8 
Non-volatile 27.6 30.5 31.2 29.7 
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Discussion 

4-14-1 Identification of dried fruit contaminated fungi 

     Studies have shown that the toxin-producing fungi, especially 

Aspergillus, are among the main pollutants in dried fruits, and that the 

fungi A. niger and A. flavus are the most frequently isolated species in 

dried fruits (Benliogluet al, 1993; Aziz and Moussa, 2002; Heperkan, 

2006; Zohri and Abde Gawad ,2008). The present study agrees with the 

results of other studies in the dominance of the genus Aspergillus in dried 

fruit samples (Chebil et al., 2020). The same study also confirmed that it 

is one of the most common species found in food sources are A. terreus, 

A.flavus, A. ochraceus, A. niger .A. parasiticus, A. versicolor and A. 

fumigatus. 

     OTA, a mycotoxin with nephrotoxic, immunosuppressive, teratogenic, 

and carcinogenic characteristics, has been detected in Aspergillus species. 

These results are identical to those previously mentioned (Sambrook and 

Russell, 2001). The pcr technique is used to provide a molecular 

diagnosis after phenotypic and microscopic diagnosis. These results are 

similar to those obtained by Patio, 2005.  

     Since it is a modern and developed technology and one of the most 

sensitive and accurate approaches (Edel, 2000; Moslem et al., 2010). The 

PCR technique developed for identifying A. ochraceus in pure culture 

was also successful in detecting a 400-bp amplicon.  

4-14-2 Ochratoxin A detection 

     HPLC in a stationary phase and a step gradient polarity system of 

mobile phase were used to identify adequate OTA (Figure (3) in A. 

ochraceus extracted from raisin sample under chromatographic 
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circumstances. The minimum retention time appears to have been (4.81). 

The OTA in the figure, on the other hand, was (4.86). Other studies had 

similar results (Al-Hazmi, 2010). The standard appearance of retention 

time min in the Ochratoxin A HPLC chromatogram (0.236) Ochratoxin A 

is found in raisin according to other research. Ochratoxin A was reported 

in apricot, raisin, nut sample that contaminated with A. niger, under 

chromatographic conditions (Figure 4-4), appearing the maximum of 

retention period min (4.86) Using chromatographic circumstances, the 

result of ochratoxin A in ochratoxin A in the fig sample (Chebil et al., 

2020) The HPLC chromatogram of Ochratoxin A for the standard (Fig4) 

and the positive sample at the maximal concentration (2.887) 

     Heperkan, D. (2006) reported that all the samples tested of dried fruits 

were contaminated by ochratoxin A and the concentrations ranged 

between 50-110 µg/kg of apricots, 60-120 µg/kg of They also found that 

all samples of raisins were naturally free from mycotoxins. Abdel-Sater 

and and Saber, 1999, recorded a detectable amount of ochratoxin A in 

two samples of dates (360-450 µg/kg).  

     Ochratoxin A is a secondary metabolite generated by numerous 

Aspergillus and Penicillium species and has been detected in a wide 

range of cereal grains, coffee beans, cocoa, beer, red wine, and most 

recently in raisins produced in several countries (Trucksess et al.,1999). 

The difference in toxin concentration may be attributed to Genetic 

factors, as it was found that the toxin producing isolates had four genes 

Responsible for the B1 biosynthesis pathway as there Another gene 

responsible for regulating the activity of these genes is called Structural 

gene is (Barnett and Hunter, 1972).    
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     Similar to our findings, it was reported the presence of ochratoxin A in 

dried figs in Turkey (Heperkan, 2006). In USA, (Bayman,et al. 2002),  

examined 50,000 figs for fungal infections and measured ochratoxin 

content in figs with visible fungal colonies.  

     Pooled figs infected with Aspergillus alliaceus contained ochratoxin 

A, figs infected with the A. ochraceus group had little or none, and figs 

infected with Penicillium had none. Heperkan, 2006, reported that all the 

samples tested of dried fruits were contaminated by ochratoxin A and the 

concentrations ranged between 50-110 µg/kg of apricots, 60-120 µg/kg of 

They also found that all samples of raisins were naturally free from 

mycotoxins. Abdel-Sater and and Saber, 1999 recorded a detectable 

amount of ochratoxin A in two samples of dates (360-450 µg/kg). 

Ochratoxin A is a secondary metabolite generated by numerous 

Aspergillus and Penicillium species and has been detected in a wide 

range of cereal grains, coffee beans, cocoa, beer, red wine, and most 

recently in raisins produced in several countries (Ozay et al., 1995). The 

difference in toxin concentration may be attributed to Genetic factors, as 

it was found that the toxin producing isolates had four genes Responsible 

for the B1 biosynthesis pathway as there Another gene responsible for 

regulating the activity of these genes is called Structural gene (Barnett 

and Hunter. 1972).      

4-14-3 Antagonistic activity of P. ostreatus and T. harzianum against 

A. niger and A. ochraceus 

     Through dual-culture competition and the synthesis of volatile and 

non-volatile compounds, T. harzianum and P. ostreatus were tested in 

vitro against pathogenic fungus A. niger and A. ochraceus. The following 

details will be covered in greaterdepth: 
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4-14-4 Antagonistic activity 

     T. harzianum and P. ostreatus both revealed remarkable antagonistic 

interactions such as overgrowth and sporulation over A. niger and A. 

ochraceus in the current study. They also demonstrated a strong 

inhibitory impact and showed a reduction in radial growth of pathogenic 

fungi.  Their mycolytic enzyme secretions can be used as a biofertilizer, 

plant growth promoter, bioremediation, and a boost in agricultural 

economics (Hyder et al., 2017; Rai et al., 2020).  

They also have the potential to be used as a biocontrol agent (Adedeji et 

al., 2016) 

     T. harzianum and P. ostreatus inhibited significantly fungal growth of 

A. niger and A. ochraceus, the dual plate culture method showed strong 

antagonistic action. Overgrowth of both bioagent over the pathogenic 

fungi was occurred, however only T. harzianum sporulated over the 

pathogenic fungus was reported. The colonies of A. niger and A. 

ochraceus treated with T. harzianum or P. ostreatus were significantly 

reduced and mostly covered by bioagent fungal mycelia after seven days, 

as both bioagent fungi developed quickly and were capable of inhibiting 

A. niger and A. ochraceus growth. P. ostreatus inhibited pathogenic fungi 

by 17.6 to 55.1 % for A. niger and 12.9 to 24.4 % for A. ochraceus, while 

T. harzianum inhibited pathogenic fungi by 30 to 37.4 % for A. niger and 

20.7 to 27.5 % for A. ochraceus, indicating that the existence of both 

antagonistic fungi is necessary to suppress pathogenic fungal mycelia 

growth (Rahman et al., 2009). 

4-14-5 Nonvolatile substances 

    According to Owaid et al., 2017, the secondary metabolism of P. 

ostreatus mycelia is vital in suppressing pathogenic fungal development. 

Because the chemical composition of oyster mushroom broth varied 
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based on the type of fungal filtrate, P. salmoneostramineus filtrate has a 

higher activity (Parameswari and Chinnaswamy, 2011).  

Secondary metabolic products such as polysaccharides, proteins, 

enzymes, and triterpenoides suppress pathogenic fungus (Akyuz and 

Kirbag, 2009). 

     Both T. harzianum and P. ostreatus fungal filtrates demonstrated a 

high inhibitory impact on fungal pathogens, as A. niger and A. ochraceus 

colony growth was completely reduced by both bioagent filtrates. 

Pathogenic species (A. niger and A. ochraceus) grew across the entire 

Petri plate in untreated Petri plates at the same time.  

     P. ostreatus filtrate had a significant impact on morphological traits 

such as color, texture, and nature of colonies. However, the effect 

differed depending on the type of bioagent and the type of pathogenic 

fungi. This pigmentation was caused by mycelial phenoloxidase or 

peroxidase activity, and the changes in colony features could be 

attributable to diffusion of metabolites from bioagent fungi (Chaudhary, 

2016).  

     Antagonistic materials produced by microbial metabolites, lytic 

enzymes, volatile chemicals, as well as other inhibitory substances that 

are specific or non-specific in nature (Sharma et al., 2013).  

     Trichoderma spp. synthesize antibiotics with antifungal qualities, such 

as trichodermin, trichodermol, and herzianolide, so according Küçük and 

Kivanç (2005). 

 

4-14-6 Volatile substances 

     T. harzianum and P. ostreatus volatile substances showed varied 

inhibitory effects on Fusarium species; both produced poisonous volatiles 

that had a considerable impact on the pathogens' radial growth, but in 
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various degrees, which is largely tied to the generation of volatile organic 

molecules (Azevedo et al., 2020).  

    They were secreted metabolites that inhibited a variety of fusarium 

species, and some of these metabolites are volatile (Zeilinger et al., 

2016). (Meena et al., 2017). Fusarium oxysporum, Rhizoctonia solani, 

Sclerotium rolfsii, Sclerotinia sclerotiorum, and Alternaria brassicicola 

growth were dramatically reduced in earlier experiments using bioagent 

fungi (Amin et al., 2010; Meena et al., 2017). 

     Trichoderma produces a number of volatile secondary metabolites, 

including ethylene, aldehydes, and ketones, all of which are crucial in the 

prevention of plant disease (Amin et al., 2010).  

    Six Trichoderma spp. isolates exhibit volatile potential against seven 

distinct fungal plant diseases, according to Bhagat et al ( .2014.)  Other 

studies have revealed the creation of volatile compounds such as 

acetaldehyde, ethylene, acetone, and carbon dioxide, as well as antibiotics 

such as Trichodermin, gliotoxin, viridian, and ergokonin (Siddiquee , 

2014; Sharma et al., 2016; Rai et al., 2016). 
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Conclusions 

1- The appearance of Aspergillus  spp more than the rest of the types of 

 fungi.                                                                                                   

2-The frequency and appearance of fungi was more in the raisins, Iraqi 

raisins and apricots than in the rest of the dried fruits.                              

    

3- TLC technique demonstrated the ability of A.ochracuse isolates.         

4-  PCR is a highly efficient method for molecular diagnosis of the gene 

responsible for producing achratoxin toxin in fungal isolates.                   

5-PCR product analysis of 18S rRNA gene ITS2 gene from extracted 

DNA of Aspergillus ochraceus isolates.  Where M: marker (1500-

100bp) and the positive Aspergillus ochraceus isolates were showed at 

(420bp) PCR product. 

6- The literature on the activity of T. harzianum and P. ostreatus in 

suppressing dried fruits contaminated fungi like of A. niger and A. 

ochraceus is inadequate.  

7- This research found that beneficial fungi can reduce  OTA levels in 

dried fruits by inhibiting the growth of contaminated fung .. 
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Recommendations 

 

1- Quality control of foodstuffs imported from outside Iraq and setting 

laws on the local manufacturing process to  reduce contamination 

with Ochratoxin A toxins. 

2- Using other natural materials to reduce the toxic effects of mycotoxin 

3- Control of food storage conditions to prevent the growth of 

pathogenic fungi. 

4- Detection of other types of toxins produced by fungi found in 

foodstuffs 

5- More DNA sequence analysis of different key genes is recommended 

for more precise species determination 

6- Using  beneficial  fungi  Pleurotus ostreatus  and  Trichoderma 

harzianum  to control fungi 
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 الخلاصه

 .Ficus Caric Lوالتين  . Vitis Vinifera L والزبيب العراقيتعتبر الفواكه المجففة )الزبيب 

 common والبرقوق Juglans regia L والبندق L aanune pa sunprp.والمشمش

plums )والمعجنات او الاستخدام المباشر  الصناعات الغذائيةصحية وتستخدم في الطعمة من الأ

وامكانية السيطره على الملوثات  Ochratoxin A (OTA) الدراسة إلى توصيفهدفت . 

التحقق من وجود   م الفطريات النافعه وتناولت الدراسةباستخدا المنتجة للأوكراتوكسينالفطريه 

ونسب الظهور ،  لمستعمراتها المظهريهالفطريات في الثمار المجففة ، والتوصيفات هذه 

 A. nigerمع الفطر  هقدراتدراسة و A.  A.ochraceus يئي للفطرالجز والتشخيص والتكرار

 HPLC و (TLC) كروماتوغرافيا الطبقة الرقيقةاعتماد من خلال    OTAعلى إنتاج سم 

تم  اجمالا،باستخدام الفطريات المفيدة. على الملوثات الفطريه بالإضافة إلى إمكانيات السيطرة 

في العراق ، مثل الزبيب  انتشاراعزلة فطرية من الفواكه المجففة الأكثر  380الحصول على 

مثل لون  المظهرية للمستعمرات الفطريهالخصائص  باعتماد. والبرقوقوالتين والمشمش والبندق 

 عدة أنواع مختلفةشخصت ،  ولون خلفية المستعمره الفطريه، والملمس ،  وحوافهاالمستعمرة ، 

 ة هي:، تنتمي إلى أربعة أجناس مختلف

A. niger (80), A. terrus (50), A. flavus (55), A. ochraceus (40). Fusarium 

(66) Nigrosora (35) and Penicillium (54). 

اختلفت نسبة الفطريات الملوثة التي ظهرت على الفواكه المجففة باختلاف نوع الثمار المجففة     

بجميع فطريات المشمش والزبيب والزبيب العراقي وظهرت الاصابه على والفطر الملوث. 

بينما تفاوتت الإصابة بالفواكه المجففة الأخرى )البندق والتين والبرقوق(. أظهرت التلوث 

، هي من بين الملوثات الرئيسية Aspergillus ن الفطريات المنتجة للسموم ، وخاصة أ الدراسه

هما أكثر الأنواع المعزولة في الفواكه  A. flavus و A. niger لفواكه المجففة وأن الفطرياتل

 .المجففة

الزبيب  ابالفطريات الملوثة ، يليهللاصابه نسبة وهي الأعلى ٪( 35المشمش )شكلت ثمار    

٪( ، والبندق 2.4٪( ، التين )2.6٪( ، البرقوق الشائع )26.2٪( ، الزبيب العراقي )32)

 OTAمعظمها أنتجت  A. ochraceus عزلات من 6أن  TLC ٪(. أظهرت نتائج اختبار1.6)

 18Sللجين  PCR تحليل منتجايضا الثمار المجففة المدروسة. أكدت النتائج  في مختلف أنواع



rRNA جينمن ال ITS2 من الحمض النووي المستخرج من عزلات A. ochraceus 

 .(زوج قاعدي  420موجبة عند ) هذا الفطر وأظهرت أن عزلات

 Pleurotus ostreatus و Trichoderma harzianum النتائج قدرات كل من بينت     

من خلال والمباشر  التضادباستخدام ثلاث طرق:  A. ochraceus و A. niger على تثبيط

المواد المتطايرة. كان لكل من العوامل الحيوية تأثير مثبط معنوي تأثير راشح الفطرين او تأثير 

كان أكبر باستخدام  T. harzianum الفطريات الملوثة ، لكن التثبيط الناتج عنمعدل نمو على 

الملوثات  على نموالتثبيطي الأكبر تأثير الله  P. ostreatus كان في حين. الراشح الفطري

 .T بالرغم من الاختلافات في التأثير المثبط بينالفطريه وبكافة الطرق المستخدمه. 

harzianum  و P. ostreatus ضد فطر A. niger و A. ochraceus  ، الا ان الفطرين

 .  ضد هذين الفطرين التنافس  ناجحً وقدرة علىو مثبط الاحيائيين قد تميزا بنشاط
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