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CHAPTER 1 

 

INTRODUCTION 

 

Poultry industry of Pakistan is a major component of livestock sector which has 52.2 % 

share in agriculture GDP (Anonymous, 2008). Agriculture commodities like cereals, 

cereal byproducts, oilseed meals etc are the major ingredients of poultry and livestock 

feed ingredients. Filamentous fungi being ubiquitous micro-organisms are inevitable 

contaminants of agricultural products. Cereal crops are at high risk to fungal 

contamination at both, pre-harvest and post-harvest stage. Oil seeds meals may also be 

contaminated by fungi during storage. Some of the contaminating fungi grow in the 

ripening crops in the fields hence, termed as field fungi while others propagate in the 

agricultural commodities during storage conditions and are called storage fungi. 

Contamination of agricultural commodities by fungi results not only the in downgrading 

but toxigenic fungi also develop a health hazard for human, livestock and poultry birds 

(Anderson and Thrane, 2006). The most notable consequence of contamination of 

agricultural commodities by toxigenic fungi is buildup of mycotoxin concentrations to 

injurious levels in foods and feeds (Perrone et al., 2007).  

 Mycotoxins or other metabolites produced by the fungi are usually species specific and 

specific fungi are associated with particular type of agricultural products. Thus a limited 

number of fungi and mycotoxins may potentially contaminate a particular commodity. 

Analysis of extracts from agricultural products can indicate the toxic metabolites but the 

mycobiota of these commodities need to be determined to make the realistic 

recommendations for prevention and protection from the fungal contamination.  

Fungal species including Aspergillus, Penicillium, Fusarium and Alternaria are capable 

of producing a wide range of mycotoxins (Pitt and Hocking, 1997). Penicillium and 

Aspergillus species are most commonly found in the stored commodities. Aflatoxin (AF) 

and Ochratoxin A (OTA) produced by Aspergillus fungi are the most important 
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mycotoxins identified in foods and feeds (Varga et al., 2004). Aflatoxins are further 

grouped as B1 (AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2). AFB1 is the most toxic  

and carcinogenic substance occurring naturally. Aflatoxins contaminate maize, cotton, 

peanuts, soybean and tree nuts and consequently pose great health risks to human and 

animals. The residues in contaminated feed may appear in animal driven foods like milk. 

The most important aflatoxigenic species of Aspergillus section Flavi include A. flavus 

and A. parasiticus (Bennett and Klich, 2003). Ochratoxin A (OTA) is a potent 

nephrotoxic Mycotoxin which may contaminate food and feed like coffee, legumes, 

grains, dried fruits, beer, wine and meat. Economically the most important OTA 

producing fungi belong to Aspergillus sections Circumdati and Nigri (Samson et al., 

2004; Frisvad et al., 2004).  

The black Aspergilli are among the most common fungi causing feed spoilage. Presence 

of black Aspergilli is usually linked to the presence of ochratoxins. Aspergillus 

carbonarius, one of the black fungi, is highlighted as main specie responsible for 

ochratoxin production (Sage et al., 2002; Bau et al., 2005). Black Aspergilli are one of 

the most difficult groups concerning identification and classification. Taxonomic study of 

black Aspergilli section is very important in these days and different specie concept has 

been prevailing.  

In Pakistan, so far, little published information is available about fungal mycobiota in 

agricultural products particularly those used as ingredients in poultry and animal feeds. 

Only sporadic reports covering short periods and smaller regions described the presence 

of some toxigenic fungi or mycotoxins in agricultural products (Saleemullaha, 2006; 

Shah et al., 2008) and animal feed stuffs (Afzal et al., 1979; Hanif et al., 2006). In the 

absence of sufficient basic data, recommendations for control and prevention of 

contamination by toxigenic fungi in agricultural based feed ingredients cannot be made.  

This may lead to continuous exposure of livestock and poultry birds to mycotoxins 

resulting in losses to livestock and poultry industry in the form of increased mortality and 

decreased productions. The food products from these animals like milk, eggs or meat 

may also carry mycotoxin residues into human food chain.   
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Keeping in view the above concerns, this project was designed to isolate and identify 

different genra of fungi from poultry feed and feed ingredients.  Aspergillus species 

isolated were further analyzed to determine their aflatoxins and ochratoxin a production 

potential. Determination of toxic potential and pathological effects of Aspergillus isolates 

was conducted by chick embryo toxicity screening test. 
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                                           CHAPTER 2 

 

REVIEW OF LITREATURE 

 

Mycobiota and mycotoxins of cereals and cereal byproducts 

 

Jayaraman and Kalyanasundaram (1990) in India analyzed 34 samples of rice 

bran, including 9 raw rice and 25 parboiled rice for fungal and mycotoxin contamination. 

Among these 34 samples 29 were contaminated with A. flavus, eight samples from raw 

rice and 21 from parboiled rice.  Raw rice samples indicated higher fungal contamination 

as compared with parboiled rice. Five out of nine raw rice and 6 out of 25 parboiled rice 

samples were aflatoxin positive.  Among 29 isolates of A. flavus 26 were found toxigenic 

in vitro. Few A. candidus isolates also found to produce aflatoxin and other fluorescent 

substances. 

Russell et al. (1991) in United States launched a one year survey of mold and 

mycotoxin contamination of corn obtained from 82 feed manufacturing units located in 

seven midwestern states. Moisture level of different samples varied from 10.5 to 13.3 

percent and the greatest variation recorded in the spring time. The corn samples from 

Ohio State recorded the highest moisture content (12.8%) and the lowest was for samples 

from Iowa's (11.2%). Average mold counts recorded was 2.63 x 104 per gram throughout 

the year. Fusarium spp. was the most frequent among different isolates. Black light was 

used to check the samples and averaged 25.4% positive during the period. Upon 

mycotoxin analysis 19.5% samples contained toxigenic fungi producing either of 

following toxins, T2 toxin, deoxynivalenol (vomitoxin) and zearalenone. The most 

frequently occurred mycotoxins were Aflatoxin and T2. Contamination level of corn was 

maximum (48%) in the corn submitted during July of 1988. When samples were 

subjected to 90% relative humidity and 32°C temperature, the mold growth appeared 

after an average of 3.9 days. Incubation results in the presence of four toxins in 24.7% of 
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the samples. Widespread contamination of mold on mixed samples was reported in the 

corn belt of the United States. 

Sinha and Sinha (1991) from Bihar state of India monitored and identified 

aflatoxins in wheat, gram and maize flours. One sixty two samples from total four sixteen 

were found contaminated for aflatoxins during three years from 1987-1989. Samples of 

year 1987 collection were ranked as No. 1 for aflatoxin contamination. Aflatoxins level 

in contaminated samples was above 20 µg/kg.  

Natural occurrence of zearalenone and toxigenic fungi in amaranth grain was 

reported by Bresler et al. (1991) from India. Zearalenone was the natural contaminant in 

two samples of Amaranthus cruentus grains (1980 µg/kg and 420µg/kg) in India. Isolated 

fungi from these samples were investigated for production of mycotoxins. 2/8 of 

Fusarium isolates (F. equiseti and F. moniliforme) produced zearalenone. 1/4 isolate of 

A. flavus and 4/4 isolates of A. parasiticus produced aflatoxins. Other species potentially 

toxigenic such as Aspergillus versicolor, Penicillium viridicatum, P. puberulum, P. 

crustosum, P. citrinum, P. expansum and Fusarium solani were also detected. 

Abdel-Malik et al. (1993) in Egypt evaluated mycotoxins producing potential of 

some Aspergillus, Penicillium and Fusarium species. Fungal species isolated included 

Aspergillus flavus, A. candidus, A. terreus, Penicillium puberlum, P.citrinum, P. 

funiculosum, Fusarium oxysporum, F. moniliforme etc. Sixty three isolates from corn and 

sunflower seed were evaluated for their toxigenic potential.  Toxin producing ability was 

observed in 18/28, 18/26 and 6/8 species of Aspergillius, Penicillium and Fusarium 

genra, respectively.    

 Mycoflora of 276 different agricultural commodities was studied by Pitt et al. 

(1993). These commodities included mung beans, rice, sorghum and soybean and other 

major crops. The samples were collected from on farm stock, traders and retail shops. 

Samples for other commodities were mostly collected from retail markets. Different 

species of fungi were identified and isolation frequencies were calculated. Most 

frequently isolated fungi included F. semitectum followed by A. flavus. Lasiodiplodia 

theobromae was the only other fungus exceeding 1% total infection. Beans except 

soybean were infected at low level with wide varieties of field fungi. Toxigenic fungi 
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contamination was greatly lower as compared with earlier observation of nuts and 

oilseeds, with the omission of sorghum.  

In Nigeria production of mycotoxins, mycoflora of corn and its by-products was 

studied by Adebajo et al. (1994). Most of these fungi were toxigenic and the most 

frequently isolated species was Aspergillus (10, 90%), Penicillium (6, 94%), and 

Fusarium (3, 88 %) of total fungi in corn and its by-products. Aflatoxin and OTA were 

present in different quantities varying from 12-80% samples of corn and its by-products. 

Only 15 samples showed significant level of OTA contamination in corn cake samples. 

Aflatoxin B and ochratoxin was produced by all the tested strains of A. flavus and A. 

ochraceous tested on all three substrates. Toxin production was significant in amount at e 

25 to 35 °C with highest production level at 30 °C. Mycotoxins contamination was 

explored only in samples having 15% moisture level.  The mycotoxin production was the 

highest at 25-30 % moisture level. Beyond this moisture level there was no further 

increase in toxin levels. Corn cake was excellent for AFB production among three 

substrates and OTA production was similar on all three substrates. 

In West Africa Adebajo and Idowu (1994) investigated fungi and aflatoxins levels 

in corn-groundnut based foods. A total of 50 samples yielded 14 fungal species collected 

from 16 producers. Most of these species were toxigenic. A major proportion of samples 

were having aflatoxins above safe limit (30 ppb). There was initial toxin levels increase 

with increase in humidity and were maximum at 100% and safe at 71%. Samples kept 

below 51% relative humidity were constant source of toxins.. AFB1 was higher as 

compared with AFG1. 

Furlong et al. (1995) studied Brazilian wheat harvested from 1988-90 for 

mycotoxins and fungi. The samples were analyzed in 1990 for 14 mycotoxins including 

Fusarium toxins, aflatoxins, sterigmatocystin and ochratoxin A. Only one sample (1988 

harvest) was contaminated with OTA (0.04 µg/g) and three other samples (1990 harvest) 

were contaminated with DON (0.40 µg/g), DAS (0.30 µg /g), T-2 (0.35, 0.36 gamma g/g) 

and T-2 tetraol (1.68 µg /g). F. graminearum Schwabe was found in the samples 

collected in   1990 having a relative incidence of 1 to 22% and predominated in 
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Argentinean and Uruguayan wheat (1990 harvest). In Brazilian wheat samples of 1990 

harvest Fusarium dimerum Penzig (8-75%) was the main Fusarium spp.  

In Indonesia, a natural concurrent occurrence of AFs and fusarium mycotoxins in 

corn was reported by Ali et al. (1998). A total of 16 samples were analyzed for aflatoxins 

(AF), fumonisins (FM), trichothecenes and zearalenone (ZEA) using HPLC and GCMS. 

AF were detected in 11 (69%) samples at a mean concentration of 119 ng/ g (maximum 

487 ng/g) and FM in all of the samples at a mean concentration of  895 ng/g  (maximum 

2970 ng /g). Deoxynivalenol (DON), nivalenol (NIV) and ZEA were each detected in 

two (12%) samples; 21 and 32 ng /g, 49 and 169 ng /g, and 11 and 12 ng /g, .FM was also 

present in  AF-contaminated samples. Similar result were obtained from mycological 

study , all AF-contaminated  samples were infected with A. flavus/A. parasiticus. FM-

contaminated samples were either infected with F. moniliforme (50%), F. proliferatum 

(12%), F. nygamai (6%) or F. decemcellulare (38%). Supportive mycological studies 

showed that Fusarium species isolated from Indonesian corn were capable of producing a 

mean level of 10,000µg/g FM.  On the basis of results of this study, the correlation 

between FM-producers and AF-producers on kernel infection and contamination of these 

mycotoxins in corn was discussed.     

Abdullah et al. (1998) in Malaysia conducted a survey of starch-based foods 

sampled from retail outlets.  Fungal colonies were mostly detected in wheat flour (100%), 

followed by rice flour (74%), glutinous rice grains (72%), ordinary rice grains (60%), 

glutinous rice flour (48%) and corn flour (26%). Total fungal count of all positive 

samples of ordinary rice and glutinous rice grains was below 103 cfu/g sample, while 

among the positive rice flour, glutinous rice flour and corn flour samples, the highest total 

fungal count were more than 103 but less than 104 cfu/g sample respectively. However, in 

wheat flour samples total fungal count ranged from 102 cfu g–1 sample to slightly more 

than 104 cfu/g sample. Aflatoxigenic colonies were mostly detected in wheat flour (20%), 

followed by ordinary rice grains (4%), glutinous rice grains (4%) and glutinous rice flour 

(2%). Corn and rice flour samples were free from aflatoxigenic colonies. A screening 

study of aflatoxins using reversed-phase HPLC was conducted on 84 samples (ordinary 

rice grains) and 83 samples (wheat flour). Out of these 2.4 percent of ordinary rice grains 
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were positive for aflatoxin G1 and 3.6% were positive for aflatoxin G2. The positive 

were derived from private homes and the concentrations ranged from 3.69 to 77.50 µg/kg 

. Among wheat flour samples, 1.2% were positive for aflatoxin B1 at a concentration of 

25.62 µg/kg, 4.8% contained AFB2 (11.25-252.50 µg/kg), 3.6% contained AFG1 (25.00-

289.38 µg/kg) and 13.25% contained AF G2 (16.25-436.25 µg/kg). Most of the positive 

wheat flour samples were collected from private homes. 

In Karnataka India Janardhana et al. (1999) studied mycotoxin contamination of 

197 maize samples from different cultivars and agro-climatic regions. Different type of 

analysis indicated a high moisture content varying from 15 to 18% in 17% samples which 

was above the permissible level for safe storage. Fungal contamination and frightening 

levels of mycotoxins necessitated the need for regular monitoring and control of 

mycotoxins. 

Scudamore and Patel (2000) in UK collected 140 samples of maize (raw) from 

ports and mills. These samples were analyzed for aflatoxins, OTA, Fusarium toxins using 

fully validated analytical HPLC methods. Conformation to the new EC statutory 

maximum permissible level for total aflatoxins and aflatoxin B1was observed in 95.0 and 

92.5%, respectively. The maximum concentration of OTA was 1.5 ppb. Almost every 

sample of maize was contaminated with zearalenone and fumonisins and 41.7% samples 

contained ≥100 ppb zearalenone and 48% samples contained ≥1000 ppb total fumonisins. 

However, aflatoxin and total fumonisins concentrations were reduced by 40 and 32% 

after initial cleaning. 

In Venezuela Medina-Martinez and Martinez (2000) studied mold occurrence and 

AFB1 and FB1 determination in corn. F. moniliforme and F. proliferatum were 

responsible for production of fumonisins which have been associated with several animal 

and human diseases. Aflatoxins were produced by Aspergillus flavus and Aspergillus 

parasiticus. A high level of A. flavus and A. parasiticus has been reported in corn. Mold 

levels were determined using potato dextrose agar and identification of the main genus of 

molds present in corn, AFB1 levels by immunoaffinity chromatography, and FB1 levels 

by a Bond-Elut SAX cartridge and HPLC.  
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Weidenorner et al. (2000) in Germany analyzed whole wheat flour and white 

wheat flour for qualitative as well as quantitative mycobiota. Overall, 51species 

belonging to 14 different genra were isolated. Mycobiota of both type flour was 

dominated by Aspergillus spp. (84 and 77.3%) followed by Penicillium spp. (8 and 15%). 

Aspergillus candidus appeared as the most frequently isolated fungal species.  

Nesci and Etcheverry (2002) from Argentina investigated Aspergillus section 

Flavi populations in a maize field. Aspergilli were isolated from soil, plant debris and 

insect/pests at pre-planting, growing and post-harvest periods. Although components of 

the agro ecosystem showed presence of aflatoxigenic Aspergilliat lower levels. 

Czerwiecki et al. (2002) carried out a study in 1998, on fungal flora and OTA in 

cereals from conventional and ecological farms in Poland. Two hundred samples of 

polish cereals grains were investigated for the presence of microscopic fungi and OTA 

contamination. The fungi isolated included Penicillium cyclopium, P. viridicatum, 

Aspergillus ochraceous, A. glacus and A. versicolor. Penicillium species were isolated 

from 71% samples and Aspergillus species from 28% samples.  

Baliukoniene et al. (2003) evaluated Lithuanian grains for fungal contamination 

and mycotoxins. Storage conditions vary at different farms during processing. Samples of 

grains from three different granaries with different storage conditions were analyzed. 

This study was conducted from March-April 2001. Wheat samples (n=33) were collected 

and investigated from small, medium and large granaries, barley (n=22) from small and 

medium. Total 31 species of fungi related to 8 different genera were tested and identified. 

Results indicated highest contamination level was found in small granaries with good 

storage and drying facilities. Aspergillus, Penicillium and Fusarium species were 

toxigenic. Zearalenone and OTA levels were recognized. In farm granaries highest levels 

of these mycotoxin were found.  

Bankole and Mabekoje (2004) surveyed the incidence of fungal mycobiota and 

mycotoxins in preharvest maize samples collected from different regions of Nigeria. 

Mycological examination indicated the dominance of F. verticillioides in 89.3% of 

samples. A. flavus could be isolated from 65% of samples. AFB1 was present in 18.4% of 

samples (22 µg/kg). AFB2, -G1 and- G2 were present in 7.8, 2.9 and 1% of the samples 
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(10, 8 and 7 µg/kg, respectively). Total aflatoxins concentration ranged from 3 to 138 

µg/kg with a mean level of 28 µg/kg. FB1 was the predominantly contaminating toxin 

having 78.6% frequency with a production of 70-1780 µg/kg. FB2 was also detected in 

66% samples. In 15 samples co-contamination occurred with both aflatoxins and 

fumonisins. 

Sales and Yoshizawa (2005) in Philippines examined mold counts and Aspergillus 

section Flavi populations in rice and its by-products. The average mold counts of rough, 

brown and polished rice were 4.1x103, 1.0x103, and 1.1x103 CFU/g, respectively. 

Average Aspergillus section Flavi counts of the same samples were 3.0 x 102, 1.1 x 102, 

and 2.6 x 102 CFU/g, respectively. Twenty-seven percent of mold isolates from rough 

rice, polished rice, and brown rice were section Flavi spp., 31% of which were toxigenic. 

Section Flavi isolates were not obtained from imported rice samples from Thailand and 

Vietnam.. While Aspergillus section Flavi was also isolated from rice hull, rice bran, and 

settled dust from rice milling operations. Toxigenic strains of Aspergillus flavus and 

Aspergillus parasiticus were isolated in at least one sample of each type of rice and rice 

by-product except settled dust. Aflatoxins produced in vitro by the isolates ranged from 

<1 µg/kg to 6,227 µg/kg.  Isolates of A. flavus produced only B aflatoxins, whereas 

isolates of A. parasiticus produced aflatoxins. Although total fungal counts of Philippine 

rice and its by-products were within tolerable limits but the establishment of maximum 

limits in counts of potentially aflatoxigenic species in foods and feeds is necessary. Our 

study results emphasized the need for strict surveillance of rice during storage and 

marketing particularly during hot/humid seasons. 

Lugauskas et al. (2005) in investigated the fungal contamination of stored and 

freshly harvested vegetables in 2003-2004. Penicillium expansum, P. nalgiovense, Mucor 

silvaticus and P. verrucosum were more frequently isolated from carrot, Penicillium 

expansum on onion and Aspergillus niger, Mucor hiemalis, P. funicolsum on cabbage etc. 

Fungal mycoflora and mycotoxins (fumonisins, OTA, trichothecenes and 

zearalenone) of Korean polished rice were studied by Park et al. (2005). Toxigenic 

potential of each fungal specie was studied to relate fungal isolates with mycotoxins for 

verification .Most frequently contaminating specie were P. citrinum and A. candidus, 
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while F. proliferatum was found as the dominant Fusarium species. Most commonly 

isolated fungal metabolite was OTA, its level in some samples was above the EU 

tolerable limit (3 ng/g).It was exposed that in Korea fumonisins detected in rice were due 

to F. proliferatum infection, whereas OTA was due to P. verrucosum.    

Natural occurrence of mycotoxins in cereals and spices in Morocco was 

investigated by Zinedine et al. (2006). Sixty samples of different cereals including wheat, 

corn, barley and 55 samples of spices including paprika, ginger, cumin, and pepper, 

purchased from popular market of Rabat and Sale in Morocco were evaluated for 

mycotoxins contamination. All the cereals samples were investigated for OTA and levels 

ranged from 0.17-1.08 µg/kg. Corn samples were also analyzed for Fusarium toxins.  Co-

occurrence of different mycotoxins was also checked. Spices were analyzed only for 

aflatoxins and the average contaminations found for AFB1 were 0.03-2.88 µg/kg for 

different spices. The maximum contamination level was found in red paprika (9.68 

µg/kg). This is first ever report on the natural co-occurrence of mycotoxins in cereals and 

on the occurrence of AFs in spices from Morocco. 

Ayalew et al. (2006) studied mycotoxins presence in Ethiopian staple cereals. 

AFB1 was present in 8.8% of the 352 samples at concentrations varying from trace to 26 

µg/ kg  OTA could be detected in 24.3% samples at a mean concentration of 54.1 µg/kg. 

DON occurred in barley, sorghum and wheat at 40-2340 µg/kg and its overall incidence 

was 48.8% among the 84 mainly suspected samples analyzed; NIV was concurrently 

present with DON in a wheat sample and three sorghum samples. FUM and ZEN were 

detected in sorghum samples.  

Mycotoxins contamination of rice in Japan (Tanaka et al., 2007) was found 

usually lower than those in wheat or corn. Mycotoxins contamination in rice samples is 

impossible due to good storage conditions. A storm struck in 1998 before rice harvesting 

rendered the unpolished rice stained brown. Samples collected from brown rice were 

analyzed and were found negative for the presence of Trichothecenes, AFs and FMS.  

DON, fusarenon-X and nivalenol were detected in the brown rice samples and confirmed 

with GC-MS.  
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Wang and Lui (2007) studied   the contamination of total AFs in different kinds of 

foods including corn, peanut, rice, walnut, and pine nut in six provinces and two 

municipalities of China. Total of 283 samples including corn, peanut, rice, walnut and 

pine nut were randomly collected from local markets in Fujian, Guangdong, Guangxi, 

Hubei, Jiangsu, and Zhejiang provinces, as well as in Shanghai and Chongqing 

municipalities. Samples were ground and acetonitrile/water solution was added. After 

filtering, the extract was transferred into a MycoSep purifying column and was pressed 

slowly. After that purified liquid was derivatized with trifluoroacetic acid (TFA) and 

assayed using high performance liquid chromatography (HPLC). AFs were detected in 

70.27% of corn samples, with a mean level of 27.44 µg/kg and the highest level of 

1098.36 µg/kg. In peanut, the AFs detection rate was 23.08%, with a mean level of 0.82 

µg/kg and the highest level of 28.39 µg/kg. Very few rice samples were contaminated 

with AFs. Level of AF was very low in walnut and pine nut. Corn was most seriously 

contaminated with AFs in China. AFB1 is the major aflatoxin found as a contaminant in 

foods. 

In Kenya, Probost et al. (2007) studied outbreak of an acute aflatoxicosis in 2004. 

Aflatoxin contamination of maize led to a serious epidemic in Kenya since 1981. But 

contaminating fungi have not been yet characterized. Therefore we related the S strain of 

Aspergillus flavus with lethal aflatoxicosis that killed more than 125 people in 2004. 

Patriarca et al. (2007) in Argentinean analyzed wheat samples were for Alternaria 

contamination. One twenty three strains of Alternaria were isolated from wheat, 

toxigenic potential of these strains was also evaluated. Tenuazonic acid (TA) was 

produced by 72 % of strains, alternariol (AOH) by 87% and alternariol monoethyl ether 

(AME) by 91% strains. 

Gao et al. (2007) in northern China conducted a surveyed on Aspergillus section 

Flavi. They collected maize samples from a wide geographical region. Aspergillus flavus 

was identified as a primary fungal species in the maize population (99%) and also 

responsible for the aflatoxin contamination in that area. A. flavus strains, based upon the 

sclerotia morphology were classified into the S and L strains respectively. Geographical 
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differences between northeastern China and other countries and regions were also 

studied.  

Giorni et al. (2007) investigated maize samples from northern Italy for 

Aspergillus section Flavi contamination. In 2003 a significant problem arose due to 

AFM1 contamination of milk above permissible limit. A total of 70 strains  of Aspergilli 

were isolated and A. flavus and   A. parasiticus were found toxigenic spp. Aspergillus 

flavus was a dominant spp. representing 93% strains. 70% strains of Aspergillus section 

Flavi produced AFs whereas 50% strains also produced cyclopiazonic acid (CPA).  

Giary et al. (2007) studied aflatoxin contamination in wheat samples in Turkey.  

They reported that wheat was susceptible to fungi (A. flavus and A. parasiticus) infection. 

Forty one wheat samples were analyzed and the total AFs concentrations was 10.4 to 

643.5 ng/g with 59% samples positive for total AFs. The AFB1, AFG1, AFB2 and AFG2 

were positive by 42, 37, 12 and 12%, respectively. These levels were within permitted 

range for AFs in cereals. 

 Magnoli et al. (2007) studied toxigenic fungal mycobiota in different South 

American countries. Samples included cereals by-products form human and animal feeds 

in South America. Very meager information was available on the ochratoxigenic 

mycobiota and OTA presence in corn and its by-products. Very limited studies have been 

carried out in  Argentina, Ecuador and Brazil upon ochratoxigenic potential of A. niger 

aggregates.  A. ochraceous. A. carbonarius could not be isolated from these substrates 

and P. verrucosum was isolated from pig feeds of Argentinean origin.  

Atehnkeng et al. (2008) carried out a survey on maize in three agro-ecological 

zones of Nigeria to detect the distribution and aflatoxigenic character of Aspergillus 

section Flavi. Aspergilli followed by Fusarium were the most prevalent fungal genera 

with a mean incidence of 70 and 24%, respectively.  A. flavus was the most predominant 

and L-strains among Aspergilli, while the frequency of the unnamed toxin SBG was 3%. 

The incidence of nontoxigenic strains of A. flavus was higher in all the study area with 

the exception of Ogbomosho and Mokwa districts in DS and SGS zones, respectively. In 

these districts the frequency of toxigenic Aspergilli was higher than that of non-toxigenic 

strains. Aflatoxin contamination of wheat also showed a similar trend. 
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 Trung et al. (2008) in Viet Nam investigated maize samples for fungal mycoflora 

and mycotoxins (AFB1 & FB1). Twenty five samples of maize intended for human and 

animal use from North, Central and South Vietnam were collected and analyzed. The 

total fugal load was greater in maize used for animals tan for human, with average level 

of 4x106 and 7x105 CFU/g, respectively. Fungal analysis indicated that Aspergillus was 

the most frequent genus present in all samples irrelevant of geographic regions. A. flavus 

was most frequent contaminant found in 90% samples. Other fungal species included 

Penicillium, Fusarium verticilliodes and Mucorales. AFB1 was found in 17 samples 

(68%) with values ranging from 10 µg/kg to 126.5 µg/kg. In human samples level of 

AFB1 was lower. FBI contamination was found in 8 out of 25 samples (32%). Detected 

amount of fumonisins B1 ranged from 0.4 to 3.3 mg/kg.  

Gonzalez et al. (2008) analyzed 120 freshly harvested wheat samples from nine 

locations from Northern Buenos Aires (Argentina) for natural occurrence of 

trichothecenes, associated mycoflora and effect of fungicide treatment. It was reported 

that Alternaria alternaria, F. graminearum, F. poae and F. semitectum were the 

dominating fungal species as endogenous mycoflora.  

Fungal mycoflora and mycotoxins of dried Turkish figs were studied by Senyuva 

et al. (2008). Fifty individual fig samples rejected by UV screening as contaminated were 

collected and analyzed.  Aflatoxin B1 was recovered from 49/55 samples ranging from 

0.7 to 22 ng/g, with forty individual figs containing more than 2 ng/g. It indicated also the 

efficiency of  UV screening process in identifying contaminated fruit. OTA was also  

found in 32 /55 samples ranging from 0.4 to 1710 ng/g, with 50% of the samples 

containing levels above 1 ng/g,. There was no evident correlation between levels of 

AFB1 and levels of OTA.  Twenty fungal species were isolated from outer and inner 

surface of figs including A. niger, A. ochraceous, A. flavus, A. ustus, Cladosporium spp., 

Penicillium expansum, P. chrysogenum, F. compactum, F. culmorum, F. solani, F. 

equiseti, Emericella spp., Mucor spp., Rhizopus oryzae and  Stachyborty chartarum.  

Riba et al. (2008) studied mycoflora and OTA producing strains of Aspergillus in 

wheat. Total 85 samples of wheat meant for human consumption were collected from two 

regions of Algeria, at preharvest, storage and processing stages. Leading genus was 
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Aspergillus, predominantly A. flavus, A. niger and A. versicolor. The other isolated 

species were A. ochraceous, A. alliaceus, A. carbonarious, A .terreus, A. fumigatus, A. 

candidus etc. OTA concentration determined in 30 samples of wheat and in 12 wheat 

samples (40%) the concentration ranged between 0.21 and 41.55 µg/kg. 

Muthomi et al. (2008) studied mycobiota in wheat samples in Kenya in freshly 

harvested wheat samples collected from total 89 farms from different agro-ecological 

zones. They reported higher fungal contamination like Alternaria, Epicoccum and 

Fusarium species. The mean Fusarium infection rate varied from 13 to 18% (major 

species include F. graminearum, F. poae, F. equiseti and F. avenaceum). Mycotoxins 

produced include DON, T-2 toxin, zeralenone and AFB1. 

Kumar et al. (2008) in India summarized the data of mycotoxins and mycoflora of 

some commercially important agriculture commodities. The major mycotoxins producing 

fungi were from Aspergillus, Fusarium, and Penicillium species and important 

mycotoxins produced were aflatoxins, fumonisins, ochratoxins, cyclopiazonic acid, 

deoxynivalenol/ nivalenol, ptaulin and zearalenone. They reviewed the etiology and the 

process of contamination for major mycotoxins with intensity of contamination in 

commercially important agricultural products. 

A total of 1200 rice samples containing 675 paddy and 525 milled rice were 

analyzed by Reddy et al. (2008a) from 20 different states of India fro the presence of 

Aspergillus and AFB1 by ELISA.  Aspergillus flavus was major contaminant in all 

samples. Other than contaminating fungi included A. flavus were A. niger, A. ochraceous 

&  A. parasiticus. 67.8 percent samples showed AFB1 (0.1 to 308.0 µg/kg). All the paddy 

samples from Chattishgarh, Meghalaya and Tamil Nadu were contaminated with AFB1. 

Milled rice had contamination levels below the permissible levels of AFB1 (average 0.5-

3.5 µg/kg). A total of 82 % samples from open storage (exposed to rain) showed AFB1 

contamination followed by one-year-old seed. Two percent samples had AFB1 

contamination levels above the permissible limits (>30 µg/kg). 
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Mycobiota and mycotoxins of oilseeds and oilseed meals 

Sekul et al. (1977) investigated occurrence of aflatoxin B2a in cottonseed meal. A 

concentration of 17 ppb aflatoxin B2a was dectected in cottonseed samples already 

contaminated with AFB1 and AFB2. Feed grade and ammonia processed cottonseed was 

free from aflatoxin B2a. Other mycotoxins including zearalenone, sterigmatocystin, 

ochratoxin A, and aflatoxins M1 and M2 were not detected. 

Mazen et al. (1990) from Egypt studied mycobiota of cottonseed and its by-

products. A total of 39 species belonging to 16 fungal genera were isolated on 1% 

glucose-Capek’s agar medium at 28 °C. Aspergillus was the most frequently isolated 

genus (87–100%) of the samples. The most frequently isolated species included A. niger, 

A. flavus, A. fumigatus, A. terreus and Rhizopus stolonifer. Cotton seeds & its products 

were naturally contaminated by aflatoxin B1 and B2. About 16% of the different 

substrates tested were positive for aflatoxin contamination. No citrinin, ochratoxin A, 

patulin, sterigmatocystin, diacetoxyscirpenol, T-2 toxin or zearalenone were detected in 

the samples assayed. 

Pitt et al. (1993) in Thailand carried out fungal studies in nuts and oilseed 

commodities. Samples of key commodities from farmers stocks and the middlemen were 

taken from major producing areas and outlets around Bangkok. After disinfection, fungi 

were counted by direct plating on DRBC, DG18, Aspergillus flavus and parasiticus agar 

and DCP agar. Percentage infection figure were calculated, and fungi were isolated and 

identified to species level. A total l 602 samples were examined, and at North Ryde about 

18,000 fungal isolates identified. Data obtained from 329 samples are reported here, 

comprising maize (154), peanut (109), cashews (45) and copra (21). Major fungi in maize 

included F. moniliforme (97% of samples), Aspergillus flavus (85%), P. citrinum (67%), 

A. niger (64%), Lasiodiplodia theobromae (58%) and F. semitectum (45%). In peanut 

major fungi were A. flavus (95% of samples), A. niger (86%), R. oryzae (60%) Eurotium 

rubrum (51%), Macromina phaseolina (49%), P. citrinum (46%) and Eurotium 

chevalieri (46%). Invasion in cashews was lower, major fungi being A. flavus (60%), 

Nigrospora oryzae (58%), A. niger (53%), Chaetomium globsum (47%) and Eurotium 

chevalieri (40%).  



 

 

17 

 

El-Kady and Youssef (1993) studied soybean samples for fungal growth. After 

commercial storage of four months, 100 soybean samples from different locations were 

analyzed for filamentous fungi at incubation temperatures of 28 and 45 °C  by dilution 

plate method, they isolated 73 species and 8 varieties belonging to 32 genera. At 28 oC, 

the common species included Aspergillus flavus, A. fumigatus, A. niger and A. alutaceus, 

followed by A. terreus, P. citrinum, Penicillium chrysogenum, Mucor hiemalis, 

Emericella nidulans, M. racemosus, Rhizopus stolonifer, Nectria haematococca and 

Scopulariopsis brevicaulis. A. fumigatus was the dominant species followed by 

Rhizomucor pusillus, Emericella nidulans and Neosartorya fischeri at 45 °C. Genus 

Penicillium was among the most abundant at 28 °C while it was absent at 45 °C. 

Aflatoxin, ochratoxin, A, sterigmatocystin, T-2 and zearalenone were analyzed by thin 

layer chromatographic. 35% of soybean seed samples contained aflatoxin (5-35 µg/kg). 

In Argentina, study was carried out on corn samples (breeding station and 

commercial corn meal samples) and were analyzed for fungal infection and presence of 

aflatoxin B1 (Etcheverry et al. 1999). Mycological analysis of corn indicated the 

occurrence of three genera of Aspergillus (60%), Fusarium (100%) and Penicillium 

(67%). In the genus Fusarium three species were identified, F. moniliforme (42%), F. 

nygamai (56%) and F. proliferatum (1.8%). Eight species of Penicillium were identified 

and the predominant species isolated included P. minioluteum, P. funiculosum and P. 

variabile. In the genus ranked third in isolation frequency, two species were identified, A. 

flavus and A. parasiticus, the percentage of infection was 78% and 21%, respectively. 

Only one corn genotype was contaminated with aflatoxin B1 at a level of 5 ppb. The corn 

meal samples showed great differences in fungal contamination, the values ranging from 

1 x 10(1) to 7 x 10(5) cfu g–1. Fusarium (68%), Aspergillus (35%) and Penicillium (21%) 

were the most frequent genera isolated. Among the genus, Aspergillus, A. parasiticus 

(38%) was the most frequent species isolated. All the samples of corn meal were negative 

to aflatoxin B1. These results indicate a low degree of human exposure to aflatoxins in 

Argentina through the ingestion of maize or corn meal. 

Gamanya and Sibanda (2001) carried out a national survey in Zambabwe during 

1995-96 for the analysis of FB1 level and F. moniliforme occurrence in oilseeds and 
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cereals. They reported the incidence of F. moniliforme and other Fusarium species with 

decreasing levels FB1 from regions with high rainfall and moderate temperature as 

compared with low rainfall regions. Sunflower and soybean were free from Fusarium and 

FB1 contamination. Fusarium species and high FB1 levels reported for maize followed 

by wheat, rapoko and sorghum.  

Heperkan et al. (2006) studied the mycobiota and toxigenic fungi on 69 samples 

of black table olives randomly collected from markets in Marmara and Aegean regions in 

Turkey. 17 of 42 (40%) and 15 of 27 (55.5%) from Marmara and Aegean respectively 

were found to be contaminated with moulds. Fungi isolated included Aspergillus 

versicolor, Cladosporium spp., Penicillium citrinum, P. crustosum, P. viridicatum, P. 

solitum, P. digitatum etc.  

Roussos et al. (2006) isolated 285 fungal strains from olive oil and cakes which 

included mesophilic strains of Aspergillus, Alternaria, Acremonium, Humicola, 

Geotrichum, Penicillium, Mucor, Rhizopus, Trichoderma, Ulocladium as well as 118 

thermophilic strains mainly belonging to six species. Penicillium and Aspergillus 

constituted 32.3 and 26.9%, respectively of total isolates. Nine strains of  Aspergillus 

flavus  and 36 strains of Aspergillus niger  were found afla and ochratoxigenic. Seven out 

of nine tested A. flavus strains produced AF B1 (48 and 95 µg/kg of dry rice). In case of 

A. niger, 27/36 strains produced OTA. 

Lanier et al. (2009) investigated the production of mycoflora and mycotoxin in 

oilseed cake in France. It was noted that the storage of oilseed cakes might initiated the 

development of molds and mycotoxins production. Seven mycotoxins were quantified 

namely AFB1, alternariol, FB1, gliotoxin, OTA, T-2 toxin, and zearalenone) in oilseed 

cakes Among 34 identified fungal species, A. fumigatus and Aspergillus repens were 

observed during 5 and 4 months, respectively. Gliotoxin, an immunosuppressive 

mycotoxin, was quantified in oilseed cakes up to 45 mug/kg, which was associated with 

the presence of toxigenic isolates of A. fumigatus. 
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Mycobiota and mycotoxins of food samples 

Jia (1991) reviewed fungi and mycotoxins in foodstuffs during 1976-1986 in 

Beijing (China). Above 5,000 food samples classified into 104 kinds of 16 types were 

analyzed. The results showed that the natural occurrence of Aflatoxin B1 in foods in 

Beijing was not serious, but results of analysis 59 cases of food poisoning and food 

seriously contaminated with moulds, the hazards of fungal contamination of food should 

receive serious consideration. Therefore in order to improve food hygiene and facilitate 

supervision the author suggested that a mycological standard should be established for 

marketing foods in China, such as grain, and beverage which are highly susceptible to 

fungal contamination. 

Magnoli et al. (2003) evaluated different varieties of wine grapes produced in 

Argentina for the presence of fungal mycobiota. Alternaria, Penicillium and Aspergillus 

were identified at specie level. Alternaria genus was predominant (80%) followed by 

Aspergillus 70%. Species identified include Alternaria, A. niger, A. flavus, P. 

chrysogenum etc. Presence of these fungi in this substrate indicated they might be an 

important source of mycotoxins.  

Castillo et al. (2004) studied mycoflora and potential for mycotoxin production of 

freshly harvested black bean from main production area of Argentina. A mycological 

survey was carried out, for the first time, on black bean samples from northwestern 

province of Salta in 1999 harvest season. Ten varieties of black bean were investigated at 

three locations. Species of genus Alternaria were the most prevalent component of black 

bean mycoflora. Fungal species including Fusarium, Sclerotinia, Rhizoctonia and 

Acremonium were also recorded. The predominant species of genra isolated were 

Alternaria alternaria, Sclerotinia sclerotium, Rhizoctonia solani, Fusarium semitectum 

and Acremonium strictum 

Rizzo et al. (2004) studied toxigenic mycobiota of 152 dried medical and 

aromatic herbs belonging to 56 species. Contamination level of Aspergillus (52%) was 

higher than Fusarium (16%). A. flavus and A. parasiticus were the predominant toxigenic 

species. AFs concentrations ranged from 10 -2000 ng/g. OTA was produced by only 26% 

isolates from the Circumdati section (A. alliaceus, A. ochraceous and A. sclerotium). 
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OTA  concentrations ranged from  0.12 - 9 ng/g. Twenty seven percent strains of 

Fuarium spp. produced FB1 and FB2 ranged from 20 to 22000 µg/g and from 5 to 3000 

ug/ g respectively. This was the first report of herbs contamination with mycotoxins from 

Latin America. It would be important to look for natural contamination to define 

acceptability limits for herbal medicines in different countries. 

Pardo et al. (2004) identified green coffee in Spain for occurrence of ochratoxigenic 

fungi. About 72% of the beans were found contaminated with fungi. Fungal species 

included Aspergillus, Penicillium and Rhizopus with 90% infection in beans by 

Aspergillus genus with infection of Aspergillus ochraceous (2.8%) and Aspergillus 

section Nigri (65.4%). OTA level in all samples were above the detection limit (0.6 

µg/Kg) with mean concentration of (6.7 µg/kg).  

Kosiak et al. (2004) studied 260 grain samples of wheat, barley and oats in 

Norway for the presence of Alternaria and Fusarium with alternaria species dominating 

(A .Infectoria). Fusarium species isolated include F. culmorum, F. graminearum, F. poae 

and F. tricinctum and the most toxigenic were F. equiseti and F. graminearum. 

Russel and Paterson (2007) investigated chili samples obtained from vendors in 

Pakistani market and all AFB1 was present in all samples. AFB1 and AFB2 

concentrations were directly correlated with no relationship between Aflatoxins and A. 

flavus. Chili production in Pakistan may be heavily constrained by AF contamination. 

Simply removing A. flavus might be insufficient for control. Aflatoxins present in chili 

may pose threat to health of populations.  

Jorgensen (2007) in Denmark investigated mold strains belonging to the species 

Aspergillus oryzae and Aspergillus sojae e highly valued as koji molds in the traditional 

preparation of fermented foods, such as miso, sake, and shoyu, and as protein production 

hosts in modern industrial processes. A. oryzae and A. sojae were relatives of the wild 

molds Aspergillus flavus and Aspergillus parasiticus. All four species were classified to 

the A. flavus group. Strains of the A. flavus group were characterized by a high degree of 

morphological similarity. Koji mold species were generally perceived of as being 

nontoxigenic, whereas wild molds were associated with the carcinogenic aflatoxins. 

Thus, reliable identification of individual strains was very important for application 
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purposes. This review considered the pheno- and genotypic markers used in the 

classification of A. flavus strains and specifically in the identification of A. oryzae and A. 

sojae strains. Separation of A. oryzae and A. sojae from A. flavus and A. parasiticus, 

respectively, was inconsistent, and both morphologic and molecular evidence supported 

co-specificity. The high degree of identity was reflected by the divergent identification of 

reference cultures maintained in culture collections. As close relatives of aflatoxin-

producing wild molds, koji molds possessed an aflatoxin gene homolog cluster. Some 

identified strains of  A. oryzae and A. sojae have been implicated in aflatoxin production. 

Strains identification of as A. oryzae or A. sojae was no pledge of its inability to produce 

aflatoxins or other toxic metabolites. Toxigenic potential of species must be determined 

specifically for individual strains. The species taxa, A. oryzae and A. sojae, are currently 

conserved by communal issues. 

Musaiger et al. (2008) analyzed the occurrence of mycotoxins, heavy metals and 

pesticides residues in 198 food products in Bahrain. Aflatoxins were found most of the 

foods tested and three samples of red chili powder, one sample of black pepper powder 

and one sample of unshelled pistachio nuts crossed the maximum allowable limit of 

aflatoxins. Zearalenone was present in some samples including cornflakes and crushed 

wheat (0.3 ng/g). Though many samples contained heavy metals, one sample of 

cinnamon powder and one sample of black pepper powder exceeded the maximum 

allowable limit for lead. The average levels of cadmium were higher in cinnamon powder 

&  ginger powder . Some quantity of pesticides was found in cumin powder of lindane, 

turmeric powder, heptachlor and coriander powder, permetharin. Samples of almonds, 

peanuts, cashew nuts infant formulas were free of contaminants. However, all 

contaminations levels were within the limit.  

Mycobiota of poultry and animal feeds 

Sutikno et al. (1989) from Inodonesia studied duck feed ingredients (corn, rice, 

rice bran, wheat pollard, soybean meal, copra meal and fishmeal) for aflatoxins levels. 

AFB1 was the prevalent  form, the incidence of samples containing it ranging from 69 to 

94%; followed by aflatoxin G1, 37 to 81%: by B2, 33 to 70%; by G2, 13 to 66%. Levels of 

total aflatoxin > 20 µg/kg were most frequently encountered in corn &copra meal and 
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minimum in rice. Most feed ingredients were contaminated with aflatoxins < 100 µg/kg 

except in corn of which 202 samples (38%) had a higher level. Corn was declared as the 

main source of aflatoxin contamination in corn-based mixed feeds. 

Purwoko et al. (1991) counted mycobiota and aflatoxin contents of Indonesian 

poultry feed. A total of 56 samples, including 34 corn, 10 soybean meal, 9 rice bran and 

three samples of broken rice were collected from different poultry farms and feed mills 

located in periphery of Jakarta-Bogor. Corn was maximally (90%) contaminated and total 

aflatoxin level was ranging from 22-6171 ppb. Soybean meal and broken rice samples 

were free from aflatoxin contamination.  Fungal contamination was present in all the 

samples (8 x 103- 5 x 106 cfu/g) and identification was limited to A. flavus and A. 

parasiticus. A. flavus was predominant species in corn sample, soybean meal, rice bran 

and broken rice samples. Some corn samples also contained A. parasiticus.                     

Kichou (1993) studied the occurrence of AFB1 in Moroccan poultry feeds and 

their ingredients. Thirty poultry farms and 4 feed mills were surveyed from September 

1989 to June 1991, and 300-500 g each of feeds (corn, sorghum, wheat bran, soybean 

meal, cottonseed meal, sunflower meal, finished feeds) was sampled. On farms with 

suspected mycotoxin problems, necropsies of affected chickens were performed for gross 

and microscopic examinations. A total of 315 samples were examined for AFB1 using a 

semi-quantitative enzyme linked immuno-sorbent assay (ELISA kits) and thin-layer 

chromatography. In feed mills, 4% of samples contained AFB1; 17% among sunflower 

meal samples (20-80 ppb) and 4% among corn (110 ppb) and mixed feed samples (20-

110 ppb). On poultry farms, 17% of samples were found contaminated with AFB1; 20% 

were positive among pellets and 16% among crumbles and 15% mash feeds. The level of 

contamination varied  from 20 ppb to 200 ppb, except for 4 samples that contained high 

levels of AFB1 (2000-5625 ppb). These highly-contaminated samples were related with 

clinical aflatoxicosis in broilers. The most frequent commonness of AFB1 contamination 

and the highest AFB1 contamination occurred in feeding troughs (23%). Aflatoxins 

should be considered approaching contaminants of poultry feeds under Moroccan 

environmental conditions. 



 

 

23 

 

Abarca et al. (1994) investigated mycoflora and aflatoxin-producing strains in 

animal mixed feeds in Spain. The mycobiota of 69 samples of animal mixed feeds were 

investigated. Fungal counts ranged from 102 to 108 CFU/g, the lowest counts 

corresponding to the samples of rabbit feeds. Total seventy-one fungal species belonging 

to 26 genera were identified. The most frequently isolated species were Aspergillus 

flavus, Fusarium moniliforme, and Penicillium chrysogenum. Thirty-six strains of A. 

flavus and one strain of A. parasiticus were screened for aflatoxin production in yeast 

extract-sucrose medium. The final pH, weight of mycelium, and production of aflatoxins 

were determined after 14 days of incubation period. Five strains (13.5%) were 

aflatoxigenic. No statistical differences were observed in mycelial dry weights and final 

pH between aflatoxin-producing strains and nonaflatoxigenic strains.  

Dalcero et al. (1997) studied mycoflora mycotoxins in 300 samples of poultry 

feeds in Argentina. The lowest fungal counts were determined from May to September 

1995 with mean values significantly different from those found from October 1995 to 

April 1996. The most frequently isolated species belonged to the genera Penicillium 

followed by Fusarium and Aspergillus. The levels of AFB1contamination of poultry 

feeds ranged from 17 to 197 ng/g, deoxynivalenol (DON) ranged from 240 to 410 ng/g. 

Zearalenone contamination was detected in 3/300 samples in concentrations of 30, 120 

and 280 ng/g.  

Scudamore et al. (1998) in UK studied mycotoxins in ingredients of animal 

feeding stuffs. The mycotoxins are aflatoxins B1 B2, G1and G2, ochratoxins A and B, 

citrinin, cyclopiazonic acid, zearalenone, sterigmatocystin, deoxynivalenol, nivalenol 

together with seven related trichothecene mycotoxins, fumonisins B1 and B2 and 

moniliformin. For most of the mycotoxins, recoveries obtained were 60% or greater and 

reproducibility data were better than ±40%. In general, the analysis of maize gluten 

proved more difficult than for other maize products. No sterigmatocystin or 

cyclopiazonic acid were detected although the limits of detection for these toxins were 

poor. Twenty percent of maize gluten samples contained zearalenone at up to 500 µg/kg 

while all other maize products also contained this mycotoxin. Highest levels occurred in  

meal while the lowest amounts were in flaked maize and germ. More than one metabolite 
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contamination was also present. Highly contaminated samples of maize screenings and 

maize meal contained a mixture of zearalenone, deoxynivalenol, nivalenol, fumonisin B1 

and B2, moniliformin, each in mg/Kg  amounts and lower amounts of other 

trichothecenes such as 15-acetoxy deoxynivalenol, HT-2 toxin and T-2 toxin. Fumonisins 

occurred in all except two gluten samples and occurred up to a level of 32 mg/kg  in 

maize screenings, 13 mg/kg  in maize meal and 8 mg/Kg  in maize germ.  

Dalcero et al. (1998) conducted mycotoxicological survey and collected 130 

samples of poultry feed samples from Río Cuarto, Córdoba Argentina during May, 1996 

to May,1997.  Aspergillus spp. followed by Fusarium was the most frequently isolated 

species.  A. flavus was dominant specie among 11 isolated Aspergilli, F. moniliforme was 

dominant specie out of 9 Fusarium spp. Penicillium genus was at 3rd position in the 

number of isolates and P. brevicompactum out of 12  species was dominant. AFB1 was 

found in 48% of the samples and its concentration varied from10 to 123 ng /g. 

Zearalenone contamination levels varied from 327 to 5850 ng/g while DON could not be 

detected.  

Rafai et al. (2000) evaluated cereals of animal feeds for mycotoxins 

contamination in Hungary. During the period from December 1991 to September 1998, 

760 maize, 367 wheat, 119 soybean, 222 barley, 85 bran, 32 triticale, 60 oat, 14 rye and 

22 sunflower samples were investigated for the presence and concentration of seven 

fusariotoxins (T-2 toxin, zearalenone, deoxynivalenol, nivalenol, diacetoxyscirpenol, HT-

2 toxin, fusarenone-X) and OTA. Findings indicated that soybeans tend to be good 

substrate for trichothecene-producing fungi and the rate of contamination was regarded as 

substantial. The commodities were mixed into one of three quality categories. The 

proportion of objectionable samples was only 3.0, 2.2, 2.3 and 1.7% in maize, wheat, 

barley and soybean samples, respectively. However, this low rate of objection is still be a 

source of great economic losses. The proportion of objectionable samples was much 

higher in the case of bran, oat and triticale (7.1, 6.7, and 6.3%, respectively). The results 

of the present investigation point out a need for regular screening for mycotoxins of 

importance and individual appraisal of each commodity from the point of their use in 

animal feeds. 
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Dutta and Das (2001) from India carried out a groundwork study, 256 feed 

samples collected from different parts of Northern India were analyzed for aflatoxigenic 

strains of Aspergillus flavus/parasiticus and for detection of AFB1. Out of 198 A. flavus 

and 15 A. parasiticus strains isolated, 76% and 86% respectively, were found to be 

toxigenic. AFB1 content of these feeds, as estimated by thin layer chromatography (TLC) 

and enzyme linked immunosorbent assay (ELISA) were very high (average 0.412 ± 0.154 

ppm) in comparison to the permissible Indian regulation level (0.03 ppm). Seasonal 

variation of incidence and level of toxin in feed was recorded and it was high during 

monsoon/post monsoon period 

Zafar et al. (2001) from Pakistan carried out a study to assess ochratoxin content 

in different feed ingredients. Thirty out of 156 samples were contaminated with toxins. 

The highest content was detected in maize (84.4ppb) while millet contained the minimum 

content (5 ppb). 120 samples i.e. 77% were found to be free of ochratoxin and 23% were 

contaminated. In the light of these results it is recommended that proper harvesting, 

storage of feed is done and unhygienic method of processing and production be avoided. 

Dalcero et al. (2002) detected OT A in animal feeds and OTA producing capacity 

of Aspergillus section Nigri in Argentina. Mycotoxin analysis indicated that OTA was 

detected in three feeds, poultry feed 38%, ranged from  25 to 30 ng/g, rabbit feed , 25% 

less ranged from 18.5 to 25 ng/g,  13% of the pig feed samples were contaminated with 

similar levels of toxins. Ninety-four black Aspergillus strains from feedstuffs were 

analyzed for OTA production. Among tested species included  A. niger var. niger, A. 

niger var. awamori, A. japonicus var. japonicus, A. japonicus var. aculeatus and A. 

foetidus. For the detection of OTA,three methods were used including  two TLC methods 

and HPLC. The highest percentage of ochratoxicogenic strains was isolated from rabbit 

feeds with 100 and 78% of A. niger var. niger and A. niger var. awamori, with mean 

levels of 15.5 and 14.6 ng/ml, respectively. From pig feeds, 61% of the A. niger var. 

awamori were producers of this toxin with mean levels of 16 ng/ml. Lowest percentage 

of OTA producer strains was detected in poultry feed. Results for the occurrence of OTA 

in feeds from different sampling months depended on storage, humidity and temperature 
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conditions. Due to this reason good storage practice becomes very important to prevent 

OTA production. 

Pacin et al. (2002) studied freshly harvested soybean, rice and corn from farms 

and corn-based pelleted feeds were collected from ranches from the coastal and mountain 

regions in Ecuador during 1998, and explored for fungal contamination. The most 

frequently isolated fungi on pelleted feed were A. flavus and F. graminearum. Prevalent 

fungi isolated from soybean were F. verticillioides, F. semitectum, A. flavus and A. 

ochraceus. In rice, F. oxysporum was the most prevalent toxigenic fungal species 

recorded, followed by F. verticillioides and A. flavus. In corn, F. verticillioides was the 

most prevalent fungal specie isolated in both the coastal and mountain regions, with high 

isolation frequencies of A. flavus and A. parasiticus at the coast. Based on the toxigenic 

species isolated ochratoxin A may pose a contamination risk for soybean. A higher 

probability of aflatoxin contamination of corn was found in the coastal samples compared 

to those of the mountain region, while a risk of fumonisin contamination of corn exists in 

both regions. 

Valenta et al. (2002) from Germany analyzed 55 samples of   high-protein 

soybean meal-and 1 sample of soybean hulls obtained from the feed industry for 

aflatoxins, DON, ZON and OTA.  Additionally, 4 samples of high protein soybean meal 

which were suspected of containing high mycotoxin levels were analyzed. AFB1 was 

detected in 32/51  non-suspicious samples but the maximal concentration was only 0.41 

ppb. DON could not be detected in any of the non-suspicious samples. ZON was detected 

in 23 of the 51 samples with a maximal concentration of 18 µg/kg. It was present in 18/25 

samples of soybean meal and in the sample of soybean hulls but only in 4/25 samples of 

high protein soybean meal. This finding suggests that ZON is mainly located in the hulls 

of soybeans, because high-protein meal does not contain hulls. OTA was found in 4 

samples, with the greatest concentration detected being 1 µg/kg.  

All the four doubtful samples of high protein soybean meal contained high ZON 

concentrations of up to 363 µg/kg. The contamination with other mycotoxins was on the 

same order of magnitude as in the case of the non-suspicious samples.  
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Martins et al. (2003) studied fungal flora and mycotoxins detection in commercial 

pet food in Portugal in 60 samples of dry pet food; 20 for dog, 20 for cats and 20 for 

domestic birds (10 for canaries and 10 for parrots) acquired in different pet shops. The 

mycotoxins, aflatoxins (AFs), ochratoxin A (OTA), fumonisin B1 (FB1) and 

deoxynivalenol (DON) were analyzed by HPLC. All the samples had very low fungi 

counts. The predominant genera were Aspergillus, Penicillium and Mucor (38.3%). 

Aflatoxins were not found in any sample. OTA was detected from five samples (8.3%) 

with level ranging from 2.0 to 3.6 µg/kg. fumonisin B1 and deoxynivalenol were present 

in three samples (5%) with levels ranging from 12.0 to 24.0 µg/kg and 100 to 130 µg/kg 

respectively.  In dog food samples OTA, FB1, and DON were detected. 

Accensi et al. (2004) in Spain investigated the mycobiota of 147 mixed feed 

samples and 153 samples of raw materials (cereals and legumes) to ascertain the 

occurrence of Aspergillus spp.  and their ability to produce OTA. The fugal counts ranged 

from < 102 to 5.3x 106 cfu/g. Aspergillus spp. were isolated from 77.7% of samples. 

Magnoli et al. (2004) collected 180 samples of poultry feeds from different 

factories in the south of the province of Córdoba-Argentina. These samples were studied 

for the occurrence of Penicillium spp. and Aspergillus group species. Similarly, the 

capacity to produce aflatoxins by the Aspergillus section flavi group was determined. The 

predominant species of Aspergillus included A. flavus and A. parasiticus. For Penicillium 

spp., P. brevicompactum, P. purpurogenum and P. oxalicum were identified. Less 

frequently isolated were A. candidus, A. fumigatus, A. niger, A. orizae, A. parvulus, A. 

tamarii, A. terreus, and P. expansum, P. funiculosum, P. minioluteum, P. pinophylum, P. 

restrictum, P. variabile and others. The mean value counts ranged from 1 × 103 to 9.5 × 

104 CFU/g for the Aspergillus spp. and from 1.2 × 103 to 2.5 × 105 CFU/g for the 

Penicillium spp. When cultured on autoclaved rice kernels for 1 week in the dark at 25°C, 

mycotoxin production by strains of A. flavus was as follows: 21 of the 45 assayed strains 

(47%) produced aflatoxins. From them, 24% of the isolates produced AFB1 and AFB2 

with levels from 181 to 14 545 and 6 to 3640 µg/kg respectively. Only 10 strains 

produced AFB1 with levels from 10 to 920 µg/kg. Total fifty percent of the A. parasiticus 

strains were toxigenic, six aflatoxigenic profiles were identified. Only 10% of the strains 
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produced all of the aflatoxins. These results indicated that a potential exists for the 

production of mycotoxins by the Aspergillus section flavi and the Penicillium spp. They 

also recommended an association of mycotoxicosis with poultry feeds in Argentina.  

Magnoli et al. (2005) studied surveillance of toxigenic fungi and ochratoxin A in 

feedstuffs from Córdoba Province, Argentina. Main objective of this study was to study 

the incidence of potential ochratoxigenic mycoflora and ochratoxin A (OA) in poultry, 

pig and rabbit feeds. Eighty poultry, pig and rabbit feed samples were taken at random 

from factories located from Córdoba province, Argentina, over a period of 8 months. The 

most frequently isolated species were A. candidus, A. flavus, A. terreus, A. parasiticus, P. 

implicatum, P. minioluteum, P. crustosum and P. citrionigrum. The division of 

sectionNigri species varied according to the feedstuffs analyzed. Frequency of A. niger 

var.niger was obviously high in poultry feed. The Nigri section species was present at 

reasonable mean colony counts (CFU/g) from three feeds. Mycotoxin analysis of these 

samples indicated that OA was found in 15%, 10% and 12% of pig, poultry and rabbit 

feed samples, respectively. Mean levels detected ranged between 15 and 25 ng/g from 

three feeds.  

Oliveira et al. (2006) in Brazil studied mycobiota in poultry feed and natural 

occurrence of mycotoxins (Aflatoxins, fumonisins and zearalenone). The most frequently 

isolated genera include Penicillium (41.26%), followed by Aspergillus (33.33%) and 

Fusarium (20.63%). AFB1 level ranged from 1.2-17.5 µg/Kg, FB1 1.5-5.5 µg/g, and 

Zearalenone 0.1-7 µg/g. Brazil is among leading poultry producing countries of the 

world. Similar kind of study was conducted in Rio De Jnaerio state of Brazil to 

investigate poultry feed for the presence of Aspergillus fungi and their mycotoxins 

(Aflatoxin & OTA). Poultry feed are more prone to fugal growth during processing, 

therefore identification of biota with the ability to produce mycotoxins is essential. 144 

samples were collected from a feed factory in Brazil at different parts of the year. A. 

flavus and E. chevalieri were the most frequently isolated species isolated.  

Rosa et al. (2006) explored fungal Mycoflora of poultry feed and toxigenic 

potential of isolated species. A total of 96 feed samples were collected from four factories 

in Rio de Aneroid state (Brazil). Samples were examined for total moulds, for Aspergillus 
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and Penicillium spp.  Aspergillus and Penicillium species were isolated in highest 

number. Aspergillus flavus and Penicillium citrinum were the most prevalent species. 

There was a high % of potential OTA producers (46%) This amount of OTA was enough 

for adverse effects on animals. 

Simas et al. (2007) examined brewers grain used for cattle feeding for mycoflora 

and mycotoxins contamination in Brazil (Bahia state).  A total of 80 samples were 

collected 20 each trimester for whole year, in five properties located in cities of Bahia. 

Aspergillus was most frequently isolated genus followed by Penicillium, Mucor, 

Rhizopus and Fusarium. Mycotoxicological analysis did not show the presence of 

ochratoxins, but the presence of AF was observed in 33.75% samples, with 

contamination level between 1-3 µg/kg.  

Fraga et al. (2007) evaluated aflatoxigenic and ochretoxigenic potential of 

Aspergillus species from poultry feed processing in Brazil.  Identification of mycobiota 

with the ability to produce mycotoxins is essential. Random samples (144) were collected 

from a factory in Brazil. A. flavus and E. chevalieri were the most prevalent species 

isolated.  After pelleting process there was no fungal contamination, though Aspergillus 

and Eurotium species were recovered from trough samples.  A high level of aflatoxin and 

ochratoxin A producers were found at all stages of poultry feed processing.  There was 

also, high natural contamination with aflatoxins and ochratoxin A was found in the 

samples.  

Martins et al, (2007) reviewed occurrence of aflatoxin B1 in dairy cow feed over 

10 years (1995-2004) in Portugal. One thousand and one samples were collected from 

1995 to 2004.  The high performance liquid chromatography (HPLC) was used for 

separation, identification and quantification of the compound. Detection limit was 1 µ/kg. 

Aflatoxin B1 was detected in 374 (37.4%) of the samples. Incidence and mean content of 

AFB1 was generally low. Levels of aflatoxin B1 above the maximum limit established in 

Portugal (5 µ/kg) for dairy cattle feed samples were observed in 62 samples (6.2%) with 

levels ranging from 5.1 to 74 µ/kg. Out of those 62 samples, 3.7% had levels between 5.1 

to 10 (mean 7.8); 1.8% had a contamination level of 10.1 to 20 (mean 12.0), and 0.7% 
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exceeded 20.1 µ/kg (mean 50.4).  During 2003-04 none of the samples exceeded the 

maximum permissible level of the toxin. 

Gonzalez et al. (2008) determined mycobiota and mycotoxins in pig feed in 

Argentina. Total Fusarium and Aspergillus species occurrence were examined. 

Aflatoxins and zearalenone were found by TLC and fumonisins by HPLC. Fungal counts 

were generally higher than 1 x 105 CFU/ml. A. flavus, A. parasiticus and F.verticillioides 

were the most prevalent species.  F B1 and   FB2 were detected in all feed and corn 

samples. AFB1 was detected in 33.33% of initial and growing feed and in 44.44% of 

final feed samples. It was absent in corn samples. All feed and corn samples were free 

from AFB2, AFG1, AFG2 and ZEA presence during all growing stages tested. Fungal 

counts at all growing periods were exceeded the levels proposed as feed hygienic quality 

limits. Aflatoxin levels in all feeds and fumonisins levels in many samples were higher 

than the established regulations.  

 

Detection of mycotoxins in fungal cultures 

Filtenborg and Frisvad (1980) studied a simple screening method for toxigenic 

moulds in pure cultures. The production of aflatoxin B1, and G1, ochratoxin A, citrinin, 

patulin and penicillic acid was detected in solid substrates employing a method based on 

thin layer chromatography (TLC) determination without any preceding extraction- or 

purification- procedures. A small agar plug from a pure mould culture was used directly 

in the application of the sample on the TLC-plate. The sensitivity of the method was 

estimated to 0.1-2.0 ppm depending on the toxin. 

Krivobok et al. (1987) studied screening methods to detect toxigenic fungi in 

liquid medium. Swift and sensitive methods for identifying toxin production by toxigenic 

fungi cultivated in liquid medium were developed. The production of aflatoxins B1, B2, 

G1, G2, sterigmatocystin, ochratoxin A, patulin, penicillic acid, citrinin and zearalenone 

was detected employing thin layer chromatography and high performance liquid 

chromatography detection with or without extraction and purification procedures. No 

significant variation was found and toxins could be detected after 2–4 days incubation. 

The sensitivity of the methods and recovery after extraction had been estimated. 



 

 

31 

 

Smedsgaard (1997) studied the microscale extraction procedure for standardized 

screening of fungal metabolites production in cultures. A simple and rapid standardized 

micro scale extraction procedure was developed to prepare extracts from fungal cultures 

for high performance liquid chromatography (HPLC) analysis. The method was based on 

ultrasonic extraction of three mili meter plugs cut from a culture using 0.5 ml of solvent 

followed by a simple solvent change, filtration and injection. Approximately 5 min of 

work was involved in the extraction and work up process and the extract can be prepared 

for HPLC analysis within 60-70 min. The method was used for determination of 

chromatographic metabolite profile from 395 fungal isolates, including all terverticillate 

penicillium species, cultivated on both Czapek yeast autolysate agar and yeast extract 

sucrose agar. The concentration of the extract proved to be sufficient to determine all 

secondary metabolites reported to be produced by these species using HPLC with diode 

array detection. The findings were confirmed by analyses of 132 pure metabolites 

standard. 

Invitro mycotoxicological studies /Embryotoxic Effects  

Vesely et al. (1983) conducted a comparative study of chick embryotoxicity of 

different aflatoxins. Treatments resulted in embryo lethality being highest with B1 

followed by  G1,  M1, B2 and lowest in G2.  Chick embryos susceptibility to aflatoxin 

was age dependent. Results documented that aflatoxins had general cytotoxic character 

upon the embryonic morphogenetic systems. 

Vesela et al. (1983) described the embryotoxicity of one time administration of 

OTA and citrinin from either subgerminal or intraamniotic   route on 2nd, 3rd and 4th day. 

The embryotoxic dose range for OTA appeared between 0.01-0.05µg whereas for citrinin 

it was 1-10 µg. Administration on 3rd day of incubation resulted in maximum response to 

both mycotoxins. Different teratogenic alterations including fetal retardation, 

exencephaly, microphthalmia, cleft beak, reduction and deformities of the limbs, 

abdominal wall and ventricular septal defects were observed on day 8 of incubation. A 

strictly additive effect was observed by constant administration of 4 µg of citrinin and 

OTA.  
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Harvey et al. (1987) reported the immunologic effects of OTA in ovo  in chick 

embryos. They administered OTA 13-day-old chicken embryos through chorioallantoic 

membrane. The 7-day LD50 value of OTA (at 20th day of incubation) was 7.9 pg. The 

immunoglobin bearing cells in bursa but not in spleen shoed showed slight but significant 

changes following administration of 2.5 pg OTA. Chicks hatched from in ovo-treated 

eggs were exposed to 9 x l04 CFU of β-hemolytic E. coli (01: Kl) at 7th day of age 

through thoracic air sac. An equal or less severe lesion score was observed in chicks 

treated with OTA. Chicks from the same group were vaccinated with a homologous 

killed E. coli bacterin (0l: Kl) at 2 and 4 weeks of age and challenged with l04 CFU of E. 

coli at 7 weeks. Following challenge the lesions were present in vaccinated untreated 

controls but not in OA-treated chicks. It could be concluded that in ovo exposure to OTA 

marginally suppressed the immunoglobulin-bearing cells of bursa. However, chicks 

hatched from OTA administered eggs responded to an antigen and resisted the infection 

of β-hemolytic E. coli (01: Kl) organism. 

Prelusky et al. (1987) optimized a simple, sensitive procedure using a chick 

embryotoxicity screening test (CHEST) bioassay for detection of toxic compounds. 

Several mycotoxins including AFB1, Deoxynivalenol, T-2 toxin along with controls were 

evaluated for sensitivity, practicality of the protocol and results consistency. It was 

observed that both the nature of carrier solvents and injection volume considerably 

affected overall mortality of embryos. The chick embryos at day 1 or 2 of incubation 

were most susceptible to the deleterious effects of toxins and solvents. A rapid decline in 

response occurred with increase in the age of the embryo. Following administration of the 

toxins just below the shell membrane by way of a small whole (less than 0.5 mm 

diameter) punched in the shell, a good dose-response (% mortality) could be obtained 

regardless of the site of injection (except directly into the yolk), although dosing via the 

air sac position resulted in a slightly better statistical outcome. It was suggested that 

CHEST assay could be a satisfactory model provided reference toxins (standard)  for 

comparison were run concurrently. 

 Geissler and Faustman (1988) examined the developmental toxicity of AFB1 in 

the rodent embryo in vitro. AFB1 carcinogenicity has been known dependent upon 
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metabolic activation (biotransformation) to the 2,3-epoxide metabolite; however, it was 

unknown if the similar mechanism a prerequisite for its embryotoxicity. The cultured 

embryos of rats at day 10 were exposed to AFB1 alone and AFB1 along with cofactors 

and hepatic S9 fractions from adult male rats. Under different culture conditions a similar 

patterns of malformation was recorded  in all embryos exposed to AFB1. At 15 µM or 

greater culture concentration, AFB1 induced teratogenic effects  in neural tube 

development in a concentration-dependent manner. The presence of hepatic S9 fractions 

did not affected the AFB1 ability to o produce dysmorphogenesis in vitro or  other 

malformations elicited. However, hepatic S9 fractions did enhance the embryo lethality 

of AFB1. These results suggested that different chemical mediators might be responsible 

for the embryo lethal and dysmorphogenic effects of AFB1 induced  in day 10 old  rat 

embryos in vitro.  

Roll et al. (1990) reported the embryotoxic and mutagenic effects of AFB1, 

AFG1, and Patulin (PA) in NMRI mice injected intraperitoneally or administered orally 

on day 12 and 13 of pregnancy. AFB1 (15, 45, and 90 mg/kg ip or 45 mg/kg  po) caused 

a retardation in development of fetus and a dose-related elevation in frequency of cleft 

palates, wavy ribs, and diaphragm changes. Injection (ip) of  AFG1 (45 to 90 mg/kg) 

resulted in reduction of fetal weights, increased diaphragm changes and malformed 

kidneys. PA elevated the frequency of cleft palates after 3.75 mg/kg. No mutagenic 

activity was revealed by these mycotoxins. Cytogenetic studies of these mycotoxins 

conducted in Chinese hamster suggested chromosome damages in vivo. The data 

suggested that three mycotoxins under study induced chromosome aberrations. 

 Vesely and Vesela (1991) studied use of chick embryos for prediction of 

embryotoxic effects of mycotoxins in mammals. The embryotoxic effects of 25 

mycotoxins were investigated in two-, three- and four-day chick embryos; the results 

were evaluated on the eighth day of development. Embryotoxicity ranged from 0.0001 to 

0.1 µg/embryo in T-2 toxin, aflatoxin B1, G1, B2 and M1, cytochalasin E, ochratoxin A 

and PR-toxin; from 0.1 to 1.0 µg/embryo in sterigmatocystin, aflatoxin G2, vomitoxin 

(4deoxynivalenol), patulin, rubratoxin B, secalonic acid D, mycophenolic acid, and from 

1.0 to 100 µg/embryo in penicillic acid, cyclopiazonic acid, tenuazonic acid, citrinine, 
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brevianamide A, zearalenone, fusaric acid, griseofulvin, kojic acid and 8-

methoxypsolaren. Astute cardiotoxic effects were observed in PR-toxin, patulin, 

rubratoxin B, penicillic acid, citrinine and zearalenone. Teratogenic effects with a gamut 

of different embryonal malformations occurred in T-2 toxin, ochratoxin A, PR-toxin, 

patulin, secalonic acid D, mycophenolic acid and citrinine. Embryotoxic effects 

demonstrated in chick embryos correlated with the well-know literary data on mammals.  

Vesely et al. (1992) described that studied site dependent embryotoxic effects of 

T-2 toxin and secalonic acid in chicken embryos. Secalonic acid D, administered to 2-, 3-

, and 4-day-old embryos resulted in malformations of the face (bilateral cleft beak, 

microphthalmia) while T-2 toxin produced teratogenic effects were limited to the 

embryonic trunk of 2-day-old embryos (rumplessness).  

Javed et al. (1993) administered 1, 10, or 100 µM purified FB1 or a culture 

material extract (CME) of Fusarium proliferatum, having known amounts of FB1, FB2 

and moniliformin dissolved in 100 microliters double distilled water.  Mortality was 

dose- and time-related in all treatments. No significant mortality was observed in control 

chicks. Median death times (MDT50) were inversely dose- related in all treatments. The 

teratogenic effects  in exposed embryos included hydrocephalus, enlarged beaks and 

elongated necks. Pathologic alterations were present in different visceral organs of  toxin-

exposed embryos. 

Wei and Sulik (1996) reported that OTA caused a caudal dysgensis in a chick 

embryo. They injected 1 µg OTA into the air sac of 48 hours old chicken embryos after 

they had reached Hamburger and Hamilton stage 9-10 and had 6-10 somite pairs).  

Vesely and Vesela (1995) investigated embryotoxic effects of a combination of 

zearalenone and vomitoxin in three days old chick embryos. Zearalenone and vomitoxin 

(4-deoxynivalenol) often jointly contaminate the grains infected by spp. of genus 

Fusarium. Zearalenone in various doses with constant addition of 2 µg vomitoxin were 

applied to three days old normal embryos. Control group was administered 10 µl of 

solvents used including NaHCO3 (1%) and ethanol (10%). The eggs were incubated until 

the 8th day and surviving embryos were removed from the eggs and malformations were 

recorded microscopically. The embryotoxicity started at a dose of 5 to 20 µg/ embryo. 
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Zearalanone did not produce any teratogenic alteration in chick embryos. High doses of 

zearalenone (100 and 30 µg) instantly produced arrhythmia, atrio-ventricular dissociation 

or heart stoppage. The embryotoxicity range for vomitoxin was 1 to 3 µg per embryo and 

teratogenic effect included defect of the interventricular septum of the heart in 4% of the 

cases. The combined embryotoxic effects of zearalenone and vomitoxin were of 

preservative, and mostly embryolethal nature. Only 5% of the embryos showed a defect 

of the cardiac interventricular septum.  

Celik et al. (2000) used a modified chick embryo toxicity test to determine the 

embryotoxicity capability of aflatoxin produced by Aspergillus parasiticus NRRL 2999 

in 448 fertilized haying eggs. AF contained 83.06% AFB1.  AF and AFB1 were 

administered into eggs at dose rate of 10, 100 and 1000 ng/egg. The results showed that 

AFB1 at 10 ng / egg had a significantly (P<0.05) greater embryotoxic effect than AF 

given at similar dose. The mortality was AF and AFB1 dose related and higher doses also 

produced early deaths. Abnormal development observed in groups receiving 100 ng/egg  

AF and AFB1 included  a protruded central region, corresponding to the area pellucida 

of the blastoderm. No other developmental abnormality could be found. 

Henry and Wyatt (2001) reported that mycotoxins FB1, FB2  and FB3, produced 

by Fusarium moniliforme in different grains were responsible for a number of diseases in 

both humans and animals. Toxicity of purified FB1, FB2, and FB3, administered 

individually or in combinations (3:1:1 ratio) were evaluated by injection of these toxins 

into the air cell of 72 hours old chick embryos.  FB1 at doses of 0, 2, 4, 8, 16, 32, and 64 

µg/egg caused 5.0, 12.5, 17.5, 20.0, 52.5, 77.5, and 100% mortality of chick embryos, 

respectively. The LD 50 for FB1 appeared as 18.73 µg /egg. A comparison of the toxicity 

of FB1, FB2, and FB3 at doses of 16 µg of total fumonisin / egg suggested that FB1was 

the most toxic. No gross or microscopic abnormality was observed with the exception of 

severe hemorrhages of the head, neck, and thoracic regions of the embryos died during 

the experiment. 

Sehata et al. (2004) observed patho-morphological and gene expression 

alterations induced by T-2 toxin in the fetal brain in pregnant rats on day 13 of gestation. 

The rats were orally administered 2 mg/kg  T-2 toxin as a single dose and killed at 1, 3, 6, 
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9, 12 and 24 hours after treatment (HAT). There was increased number of apoptotic 

neuroepithelial cells in the telencephalon from 1 HAT which peaked at 12 HAT. 

Microarray analysis was conducted at 6, 12 and 24 HAT which showed that the 

expression of oxidative stress-related genes (heat shock protein 70 (HSP70) and heme 

oxygenase (HO) was strongly induced by T-2 toxin at 12 HAT, the peak time point of 

apoptosis induction. Our results suggested that the apoptosis induced by T-2 toxin in the 

fetal brain was due to oxidative stress. 

 Wangikar et al. (2005) studied teratogenic effects in rabbits of concurrent 

administration of ochratoxin A and aflatoxin B1. OTA and AFB1 suspended in corn oil 

were orally administered in different combinations to New Zealand White pregnant 

rabbits during 6-18 days of gestation with the dose levels of OTA+AFB1, 0.05+0.05 and 

0.1+0.1mg/kg body weight. No mortality occurred in any of the treated groups. Mean 

length of crown to rump in both the combination dose groups and mean fetal weights in 

high dose combination group were significantly lesser than those in controls. An increase 

in the implants resorbed and significant elevation in the incidence of visceral anomalies 

was observed in high dose groups. Combination treatment produced skeletal and visceral 

anomalies including wrist drop, scoliosis, bent metacarpals, rudimentary ribs, cardiac 

defects and microphthalmia. There was a dose-related increase in number of litters 

showing the histopathological changes in the fetal tissues. Incidence of histopathological 

alterations in different tissues increased in the high dose combination group. Comparative 

evaluation of the results of combination versus individual treatments showed that certain 

anomalies observed in the individual treatment of OTA  and AFB1 were absent in the 

combination treatment. However, some different anomalies including cardiac defects and 

scoliosis were seen. Results of the present study indicated that in combination, OTA and 

AFB1 have antagonistic interaction.  

 

Molecular identification of fungi 

Henry et al. (2000) identified Aspergillus species on the basis of internal 

transcribed spacer regions 1 and 2.  Aspergillus species are the most recurrent source of 

invasive mold infections in immunocompromised patients. Though over 180 species are 
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found within the genus, 3 species, Aspergillus flavus, A. fumigatus, and A. terreus, 

account for most cases of invasive aspergillosis (IA), with A. nidulans, A. niger, and A. 

ustus being rare causes of IA. The potential to distinguish between the various clinically 

relevant Aspergillus species may have diagnostic value, as certain species are associated 

with higher mortality and increased virulence and vary in their resistance to antifungal 

therapy. The method to identify Aspergillus at the species level and differentiate it from 

other true pathogenic and opportunistic molds was developed using the 18S and 28S 

rRNA genes for primer binding sites. The contiguous internal transcribed spacer (ITS) 

region, ITS 1-5.8S-ITS 2, from referenced strains and clinical isolates of Aspergilli and 

other fungi were amplified, sequenced, and compared with non-reference strain 

sequences in GeneBank. Internal transcribed spacer region (ITS)  amplicons from 

Aspergillus species ranged in size from 565 to 613 bp. Comparison of reference strains 

and GeneBank sequences demonstrated that both ITS 1 and ITS 2 regions were needed 

for accurate identification of Aspergillus at the species level. Intraspecies variation 

among clinical isolates and reference strains was minimum. Sixteen other pathogenic 

molds demonstrated less than 89% similarity with Aspergillus ITS 1 and 2 sequences. A 

visor study of 11 clinical isolates was performed, and each was correctly identified. 

Clinical application of this approach may allow for earlier diagnosis and selection of 

effective antifungal agents for patients with IA. 

Medina et al. (2005) determined Spanish grape mycobiota and ochratoxin A 

production by black Aspergilli.  Native mycobiota of five grape varieties (four red and 

one white) grown in Spain has been studied. Main fungal genera isolated were 

Alternaria, Cladosporium, and Aspergillus. The isolation frequency of Aspergillus spp. 

section Nigri in contaminated samples was 82%. Ochratoxin A production was evaluated 

using yeast extract-sucrose broth supplemented with 5% bee pollen. Cultures of 205 

isolates from this section indicated that 74.2% of Aspergillus carbonarius and 14.3% of 

Aspergillus tubingensis isolates produced OTA at levels ranging from 1.2 to 3,530 ng/ml 

and from 46.4 to 111.5 ng/ml, respectively. No Aspergillus niger isolate had the ability to 

produce this toxin under the conditions assayed. Identification of the A. niger aggregate 

isolates was based on PCR amplification of 5.8S rRNA genes and its two intergenic 



 

 

38 

 

spacers, internal transcribed spacer 1 (ITS1) and ITS2, followed by digestion with 

restriction endonuclease RsaI of the PCR products.. DNA sequencing of the ITS1-5.8S 

rRNA gene-ITS2 region of the OTA-producing isolates of A. tubingensis matched 99 to 

100% with the nucleotide sequence of strain A. tubingensis CBS 643.92. OTA 

determination was accomplished by liquid chromatography with fluorescence detection. 

OTA confirmation was carried out by liquid chromatography coupled to ion trap mass 

spectrometry. Results showed that there are significant differences with regard to the 

isolation frequency of ochratoxigenic fungi in the different grape varieties. These 

differences were uncorrelated to berry color. The ability of A. tubingensis to produce 

OTA and the influence of grape variety on the occurrence of OTA-producing fungi in 

grapes are described in this report for the first time. 

Sakai et al. (2006) explored fungi using DNA sequences from domestic 

unpolished rice. Molecular approaches are being developed to give for the rapid and 

objective identification of fungi. We attempted the identification of Fusarium species by 

a genetic analysis to validate practically the utility of a molecular approach for fungal 

identification and to reveal its limitations, and sequenced three regions, the 5' end of the 

28S rRNA gene (D2 region) and the internal transcribed spacer 1 and 2 (ITS1 and ITS2) 

regions, in the rRNA genes. DNA sequences of 38 Fusarium strains isolated from 

domestic unpolished rice were compared for similarity with entries in the GeneBank. 

Based on this comparison, it was expected that all these three regions, as a minimum, 

must be compared with the database to identify Fusaria at the species level. According to 

the combinations of sequences in the three regions, the 38 isolates were classified into 13 

groups. Out of the 13 groups, 6 groups (20 isolates in total) could be identified as exact 

species based only on the sequence data. For the other 6 groups (17 isolates in total), 

candidate  species were limited on the basis of the sequence similarity, and then the 

isolates were identified at the species level with the aid of morphology. Only one isolate 

could not be identified. These results established that DNA sequence comparison with the 

GeneBank database is useful for the identification of Fusarium species. 

Niessen (2007) investigated mycotoxigenic fungi on the basis of PCR. In order to 

improve food safety and to protect consumers from harmful contaminants, presence of 
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fungi with the potential to produce such compounds must be checked at critical control 

points during production of agricultural commodities as well as during the process of 

food and feed preparation. Polymerase chain reaction (PCR) based diagnosis has been 

applied as an substitute assay replacing cumbersome and time consuming microbiological 

and chemical methods for detection and identification of the most serious toxin producers 

in the fungal genera Fusarium, Aspergillus, and Penicillium. Current review covers the 

numerous PCR-based assays which have been published over the last decade since the 

first description of the use of this technology to detect aflatoxin biosynthesis genes in A. 

flavus. 

Martinez and Ramon (2007) studied ochratoxigenic mycobiota in grapes from 

Valencia Spain. Black Aspergilli were frequently isolated species among the different 

Aspergillus spp. isolated. Restriction digestion technique of the ITS products was used as 

a rapid method to identify isolates of black Aspergillus species from grapes. Restriction 

endonuclease digestion echnique of the ITS products using the endonucleases HhaI, 

NlaIII and RsaI, distinguished five types of restriction fragment length polymorphism 

(RFLP) corresponding to A. niger, A. tubingensis, A. carbonarius and A. aculeatus 

species. In addition, a new RFLP type in the A. niger aggregate species was identified. 

The fragments obtained by digestion with the endonuclease NlaIII could be used to 

identify these new isolated species. Black Aspergillus isolates were also tested for their 

ability to produce OTA. Most of the isolates that produced ochratoxin A in YES medium 

belonged to A. carbonarius species. These results support evidence that A. carbonarius 

greatly contributes to OTA contamination in grapes and consequently in wine. This is a  

rapid and easy method to identify black Aspergillus species recovered from grapes, 

especially in studies that involve a large number of isolates. 

Dachoupakan et al. (2009) studied phenotypic and genotypic biodiversity of 

potentially ochratoxigenic black Aspergilli isolated from grapes. Black Aspergillus 

species (Section Nigri) are mainly responsible for OTA accumulation in wine grapes and 

especially Aspergillus carbonarius and Aspergillus niger aggregate. The biodiversity of 

potentially ochratoxigenic strains of black Aspergilli from different French vineyards in 

the southern Mediterranean region of Languedoc-Roussillon was evaluated. One hundred 
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and eighty nine black strains were isolated from grapes and studied according to harvest 

year, production zone, grape variety and pre-harvest treatment of grapevines. The strains 

were identified and classified in two groups according to macroscopic and microscopic 

characters; these were called the A. carbonarius representative group and the A. niger 

aggregate representative group. The members of each group were classified in subgroups 

based on macroscopic morphological colony characters. Strain biodiversity was studied 

according to phenotypic and genotypic characterization and to the OTA production of 

selected strains on PDA medium. After identification was confirmed by specific PCR 

using primer pair ITS1/CAR and ITS1/NIG, 24 potential ochratoxigenic strains 

belonging to A. carbonarius and A. niger aggregate were discriminated by RAPD-PCR 

using 8 different OPC primers. Use of specific primers supported the identification based 

on phenotypic and morphological characters. RAPD-PCR patterns demonstrated a 

considerable diversity among the strains. Clustering among A. niger aggregate strains 

was associated with production zone and harvest year, but not grape variety or pre-

harvest treatment. Clustering among A. carbonarius strains was not associated with any 

of the above parameters. No clear relation could be established between phenotypic and 

genotypic characters of the studied black Aspergilli. 
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Objectives of the present study in view of the gaps in knowledge about 

mycoflora of feed ingredients and poultry feed and embryotoxicity 

determination of extracts of toxigenic fungi 

 

A detailed study of literature arising from different regions of the world showed 

the presence of data about the mycobiota of agricultural commodities, poultry feeds and 

feed ingredients. In certain regions particularly developed countries data of mycoflora 

and mycotoxin levels are regularly monitored and published. However, relevant 

information in this regards particularly about  fungal species and their presence in 

different products is scanty in Pakistan. Only few reports described the presence of 

mycotoxins in some grains, other agricultural products and poultry feeds. Information 

about fungal mycobiota is necessary to design strategies to prevent the toxigenic growth 

and mycotoxin production in stored feeds and ingredients. Therefore, the first objective 

was to develop a baseline data about toxigenic mycoflora of stored agricultural 

commodities used as feed ingredients in Pakistan. As the mycotoxins build up occurs 

usually  during storage conditions, the stored products were focused for this purpose. 

  Information from different parts of the World is avail about the toxigenic potential 

of different fungi isolated from poultry feeds and ingredients. However, reports published 

from Pakistan, though scanty, have no information of production potentials of fungi 

isolated from indigenous environment, therefore, it was desired to determine the aflatoxin 

and ochratoxin production potential of most frequently isolated fungi Aspergillus.   

Black Aspergilli identification by classical morphological characters is difficult 

because of close resemblance of morphological characters of different species groups as 

black Aspergilli (or A. niger aggregates as designated in the present text). In Pakistan 

there has been no report of species determination of black Aspergilli by molecular 

techniques. An objective of the present study was to identify the selected Aspergillus 

niger aggregates or black Aspergilli isolates by molecular techniques. 
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Fungi are known to produce a variety of mycotoxins which are injurious to animal 

and human health.  Few experimental studies had been conducted to observe the effects 

of purified mycotoxins upon chick embryos, however, pathological effects in chicks 

hatched out from embryos administered extracts of aflatoxigenic, ochratoxigenic and 

nontoxigenic fungi have not been elaborated in any study.  Therefore, embryotoxicity 

study of aflatoxigenic, ochratoxigenic and nontoxigenic Aspergilli was included as an 

objective of this study. The results of these studies might be helpful to envisage the 

changes in chicks induced by the mycotoxin residues in the hatching eggs. 

 Briefly the objective of the study can be summarized as follows:  

1. Isolation and identification of fungi prevalent in poultry feeds and feed 

ingredients. 

2. Differentiation between toxigenic and nontoxigenic Aspergillus fungi. 

3. Determination of toxigenic potential of Aspergillus fungi. 

4. Evaluation of pathological potential of Aspergillus fungi by chick embryo toxicity 

test. 

5. Molecular Identification of selected black Aspergilli. 
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CHAPTER 3 

 

MATERIALS AND METHODS 

 

Sampling criteria 

Samples of commercially prepared poultry feeds, farm mixed poultry feeds and feed 

Ingredients including wheat, wheat bran, corn, rice, rice polishing, corngluten meal, 

cottonseed meal, soybean meal, fish meal, sunflower meal and canola meal were 

collected through systematic random sampling from grain markets, feed ingredient 

suppliers, poultry farms and feed manufacturers. For each sample, three initial samples of 

three kg each were collected from different places of a lot. After thorough mixing a 

composite sample of one kg placed in a polythene bag was brought to the laboratory for 

inoculation on the culture media.  

Study Region 

Samples of poultry feeds, cereals, cereal byproducts, oilseed meals and fish meal were 

collected from poultry farms, grain markets, ingredient traders and feed manufacturers in 

and around Faisalabad and its neighboring towns including Dijkot, Samundri, Gojra, 

Kamalia, Toba Tek Singh, Jaranwala, Satiana, Chinot, Chak Jhumra, Shahkot, etc.  

 

Isolation of fungi  

Each samples was inoculated on different culture media including potato dextrose agar 

(PDA, Samson et al., 2004), Czapek dox solution agar (Pitt and Hocking, 1997), Czapek 

yeast autolysate agar (CYA, Pitt and Hocking, 1997) and yeast extract sucrose agar 

(YES, Samson et al., 2004). The inoculated plates were incubated at 28 oC for 7-10 days.  
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Identification of fungi 

Identification of fungi was made on the basis of their colony characters on different 

culturing media and microscopic characters slide cultures (Singh et al., 1991; Klich and 

Pitt, 1988). Different colony characters used to identify included colony size, surface, 

color (observe and reverse), texture and margins (rim) of colony. 

 

Preparation and examination of the slide cultures 

The microscopic slide cultures of different species were made by modified slide culture 

method (Harris, 1986) which described advantages found in several slide culture methods 

as described. In slide cultures, head, hyphae (stipe), vesicle, metulae, phialide, conidia 

and spores were examined to identity of the cultures following the keys (Singh et al., 

1991)  

 

Molecular identification of selected fungal strains 

Genomic DNA extraction 

Fugal strains were grown in Vogel’s medium (Vogel, 1956) and mycelia were collected 

by centrifugation (8000 rpm) at 4 oC. Fungal DNA was extracted by modified method of 

Cenis (Cenis, 1992). Fungal strains were grown for 48-72 hours in Vogel’s medium at 26 

± 2 oC with constant shaking at 180 rpm. Fresh fungal mycelia were collected by 

centrifugation at 8000 rpm for 10 min, at 4 oC. Collected mycelia were ground gently, in 

liquid nitrogen with the help of sterilized mortar and pestle. Five grams of ground 

mycelia were then resuspended in 10 ml of extraction buffer (200 mM Tris-HCl pH 8.5, 

250 mM NaCl, 25 mM EDTA, 0.5% SDS) in 50 ml sterilized tubes. Sodium acetate (5 

ml, 3M) was added in the same tubes and stored at -20 oC for 10 minutes. Cell debris was 

removed by centrifugation at 8000 rpm for 5 minutes at 4 oC. Supernatant was collected 

into new tubes and DNA was precipitated by adding equal volume of pre-chilled 

isopropanol and stored at room temperature for 5 min. DNA was collected by 

centrifugation at 8000 rpm for 5 min at 4 oC. Supernatant was discarded and DNA pellet 
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was washed with 400 µl of 70 % ethanol. DNA pellet was air dried and resuspended in 

purified water. 

Agarose Gel Electrophoresis and DNA Quantification 

Quality of the DNA was observed on agarose gel. Agarose gel electrophoresis was 

performed as described by Sambrook (Sambrook et al., 2000). Quantity of DNA was 

measured using spectrophotometer (Bio-Rad) following the instruction manual of the 

manufacturer. 

 

Cloning and sequencing of fungal ITS region 

Amplification of fungal ITS region 

Genomic DNA of the selected fungal strains was used as a template to amplify ITS 

region by polymerase chain reaction (PCR). The PCR amplifications were performed 

with PCR Pfu-polymerase high fidelity enzymes (Tiangen) in Mastercycler gradient 

(Eppendorf) with initial denaturation at 94 °C for 3 min and 30 cycles of 94 °C for 1 min, 

55 °C for 1 min, 72 °C for 3 min each, followed by a 10 min final extension step at 72 

°C. Universal primers, ITS1 (TCCGTAGGTGAACCTGCGG), 

ITS4(TCCTCCGCTTATTGATATGG) (White et al., 1990) and  

ITS1-F (CTTGGTCATTTAGAGGAAGTAA) (Gardes & Bruns, 1993) were used for 

PCR amplifications. ITS1 and ITS1-F acted as forward and ITS4 as reverse primer. PCR 

reaction was performed in 0.2 µl tubes containing 25 µl of reaction volume. PCR reaction 

mixture contains 0.2 µM of each of the primers (ITS or ITS 1-F and ITS 4), 200 µM of 

dNTP’s (deoxynucleotide phosphate), 2 units of Pfu-polymerase enzyme and 0.05 µg of 

template. The PCR products were purified using the QIA-quick gel extraction kit 

(Qiagen) and were stored at -20 oC prior to ligation.  

 

 

Competent cell preparation 

A single colony of E. coli strain Top-10 was cultured into flask containing 25 ml LB 

(Luria-Bertani) broth (1.0 % Trypton, 0.5 % Yeast extract, and 1.0 % NaCl) and was 
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incubated overnight at 37 oC with constant shaking. One ml of overnight grown culture 

was transferred in 250 ml flask containing 100 ml LB broth with vigorous shaking at 

37oC until OD600 reached 0.4-0.5 (3-4 h). Cells were collected by centrifuge at 6,000 g 

for 5 min at 4 oC into two 50 ml tubes. The pellet was resuspended in 5 ml MgCl2 (pre-

cold) by gentle mixing. Cells were collected again by centrifugation at 6,000 g. Pellet 

was resuspended in 2 ml of CaCl2 and 0.7 ml of 100% glycerol. Aliquots of 200 µl were 

prepared in 1.5 ml eppendorf tubes and were immediately frozen at -70 oC for future use. 

 

Ligation of amplicons into pTZ57R/T cloning vector 

PCR amplicons were ligated into pTZ57R/T cloning vector (Fermentas, USA). Ligation 

reaction was performed as described by the instruction manual of Insta-Clone Kit 

(Fermentas, USA). 

 

Transformation and Plasmid Isolation 

Recombinant vectors were transformed into E. coli Top-10 competent cells by heat shock 

method. Competent cells were incubated on ice for 30 min. Ligation mixture (5 µl) was 

added and gently mixed in one vial (200 µl) of competent cells and further incubated on 

ice for 30 min. Heat shock was given for 2 min in dry bath at 42 oC. After heat shock, 

eppendorf tubes containing cells were immediately transferred to ice and incubated for 

further 10 min. One ml of LB broth was added to each tube and was incubated in water 

bath at 37 oC for 1 hour with constant shaking. After transformation, cells were spread on 

selective (LB supplemented with 100 µg/ ml ampicillin) agar plates and incubated at 

37°C for 16 hours. Positive Transformants containing desired inserts were selected on 

appearance of blue/while colonies. White colonies were picked and were further grown 

on LB medium supplemented with 100 µg/ml. Plasmid DNA was isolated from these 

cultures by using the Qiaprep miniprep kit (Qiagen, Valencia, CA) following the 

instruction manual of manufacturer. Purified plasmids containing our desired inserts 

(fungal ITS regions) were sequenced (Macrogen, Korea). All the steps involved in 

cloning are summarized in figure 1. 

Identification of strains by BLAST 
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Fungal strains were identified on homology basis of their ITS regions, using BLAST 

(http://www.ncbi.nlm.nih.Gov/BLAST) at NCBI database. The sequences were submitted 

to GenBank (NCBI) data base. 

  

 

 

Fig. 1. All the steps involved in cloning and sequencing of fungal isolated by 

amplification of ITS region. 
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Determination of toxigenic potential of Aspergillus isolates  

Florescence under UV light 

Aspergillus isolates were inoculated on GY agar medium in glass pertiplates and their 

toxigenic potential was determined by observing their florescence ability under long 

wave length (365 nm) ultraviolet light (Yabe et al., 1987). Fluorescence of each 

Aspergillus isolate inoculated on media plate was consistently observed at 12, 24, 36, 48, 

60, 72, 96, 120, 144, 168 and 196 hours post inoculation. 

 

Mycotoxin analysis  

Extraction of fugal cultures  

Isolates of Aspergillus were inoculated at three equidistant points on YES medium and 

incubates at 25 °C for 10 days in dark. Fungal cultures were extracted by micro-scale 

extraction method as described by Smedsgaard (1997). The method was modified and the 

number of plugs cut and volumes of solutions were increased 6 times the original method 

in order to obtained larger quantity of the mycotoxins. These plugs were cut with the help 

of a cork borer of 6 mm diameter in equal numbers from the middle portion of plate, rim 

of the plate and areas between different colonies. These plugs were transferred to a 10 ml 

disposable screw-cap  glass vial and 3 ml solvent mixture methanol-dichloromethane-

ethyl acetate (1:2:3) containing 1% (v/v) formic acid was added. The plugs were 

extracted ultrasonically for 60 minutes. The extract was transferred into two glass vials in 

quantities of 2.5 and 0.5 ml. The first part was used for embryotoxicity assay and the 

second part (0.5 ml) for analysis of mycotoxins.  The 0.5 ml extracts was evaporated to 

dryness under a gentle stream of nitrogen. The residues were re-dissolved ultrasonically 

for 10 minutes in 2.4 ml methanol containing 0.6% (v/v) formic acid, 0.02% v/v) 

hydrochloric acid and 2.5% (v/v) water. Evaporation of extraction solvent was necessary 

to make the samples compatible for injection in HPLC mobile phase used i.e. to remove 

the ethyl acetate. Dried fungal extracts were re-dissolved in mobile phase and filtered 

through a syringe filter (0.45µm, Minisart®, Sartorius, Germany). A 20 µl sample was 

injected into the HPLC system for the quantification of mycotoxins. 
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Chromatographic analysis of mycotoxins  

The high pressure liquid chromatography (HPLC) system (ProminenceTM, Shimadzu, 

Japan) comprising of following specifications was used 

Pump:  LC-20AT® (Shimadzu, Japan) 

Column oven:  CTO-20A® (Shimadzu, Japan)  

Injector: Rheodyne® sample injector with 20µl sample loop 

Column:  Mediterranea Sea18® 5µm 25cm x 0.46 Serial No.  N45074   

  (Teknokroma, Spain)  

Detector:  Spectrofluorometric detector RF-10AXL® (Shimadzu, Japan) 

Communication bus Module: CBM-20A® (Shimadzu, Japan) for the    

  communication and integration of whole HPLC system with the   

   computer operating system  

Operating System: Shimadzu LC solution software package designed for HPLC   

  real time and post operative analysis operated through computer 

Mobile phase and detection limits: 

OTA:  Acetonitrile: water: acetic acid (57: 41: 2) at a flow rate of 1ml/min at 40 °C. The 

excitation and emission wavelengths were 330 and 460 nm, respectively. 

Aflatoxins:  Acetonitrile: Methanol: Water (22.5:22.5:55) at a flow rate of 1ml/min at 30 

°C. The excitation and emission wavelengths were 360 and 440 nm, respectively.  

 

Chick embryotoxicity determination of toxigenic fungal isolates  

Embryotoxicity of extracts of isolates of Aspergillus fungi was evaluated by chick 

embryotoxicity screening test (Stoloff and Scott, 1984; Vesela et al., 1983).  

Aflatoxigenic fungal extracts 

A total of 12 aflatoxigenic isolates were randomly selected for determination of embryo 

toxicity potential. The extracts of each fungal isolates containing known quantities of 

aflatoxins was dried under Nitrogen stream in two glass vials and redissolved in 30% 

ethanol to provide two dose levels of 10 and 100 ng/20 µl aflatoxin. Two dose levels, 10 

and 100 ng/egg AF, from each isolates were separately injected through chorioallantoic 
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membrane (CAM) route into a 12 embryos (96 hours old) of Whilte Leghorn layer 

breeder hens (Hisex White) as described by Stoloff and Scott (1984).  Each group of 

inoculated embryos was identified by the identification number of the isolate. Before 

inoculation external surface of eggs was disinfected with a swab of ethanol. Air cell 

boundary was marked on the egg shell surface with a lead pencil. A hole was made in the 

air cell with the help of a piercing nail, the eggs were immediately sealed with melted 

paraffin wax and the eggs were placed in a chick incubator. 

 Three controls including simple control, shamed control and 30% ethanol (Celik et al., 

2000) were also run in parallel. Following inoculation the candling of the eggs was 

performed at 48 hours (early), 168 hours (middle) and 288 hours (late). Dead embryos 

were removed and further examined.  

Ochratoxigenic fungal extracts 

A total of 7 ochratoxigenic isolates were randomly selected for determination of embryo 

toxicity potential. The dried extracts of each fungal isolate containing known quantities 

of OTA was redissolved in 0.1M Sodium bicarbonate (Harvey et al., 1987) in two glass 

vials to provide OTA in concentrations of 100 and 1000 ng/20 µl.  For inoculation of 

OTA 100 ng/egg and 1000 ng/egg, final concentration of extracts made in 0.1M sodium 

bicarbonate was 5 ng /µl and 50 ng/µl, respectively. OTA solutions prepared from extract 

of each isolate thus prepared were injected in 12 chicken embryos at dose levels of 100 

and 1000 ng/egg and further examined in the same way as described for AF.   

Nontoxigenic fungal extracts 

Isolates yielding neither AF nor OTA were designated as nontoxigenic.  A total of 18 

isolates were randomly selected for this purpose and extract of each isolate was dried 

under stream of nitrogen in two glass vials and resuspended in 30% ethanol to provide 

two dose levels of 0.1 and 0.5 ml of original extract per 20 µl.  The two dose levels were 

injected into chicken embryos and further examined in the same way as described for 

aflatoxigenic extracts.  

Gross pathology and histopathology 

 Chicks hatched out at completion of incubation period (21 days) were subjected to 

necropsy examination for the presence of gross lesions on different organs. Different 
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visceral organs were fixed in 10% neutral buffered formalin and processed for 

histopathological studies. Sections of 5 µm thickness were cut and stained with 

hematoxylin and eosin. Frozen sections of fixed liver tissue were also stained with Sudan 

Black B to confirm the presence of fat in the cytoplasmic vacuoles observed in H & E 

stained sections (Bankroft and Gamble, 2007).  

During the microscopic examination of slides of different groups, each histopathological 

lesion was subjectively assigned a score value from 0-3 depending upon the absence, 

presence and intensity. Score values give for a particular lesion in liver or kidney tissues 

of all birds examined were added to obtain an individual lesion score which in turn was 

divided by total number of sections examined to obtain a mean of score for liver and 

kidney of an experimental group.  

Sections of bursa of Fabricius of birds of each group were also subjected to 

morphometric analysis by measuring the diameter of follicles, cortex, medulla, thickness 

of interfollicular connective tissue, height of surface epithelium and number of apoptotic 

bodies in the medulla of follicles.   

 

Statistical Analysis 

Fungi isolated from different samples were tabulated according to commodities. 

Frequency Distributions (percentage) of different fungal genra and species in specific 

commodities were determined as follow. 

 Frequency distribution (%) = (Number of samples contaminated with a genus or 

species/Total number of samples) x100. 

Frequency Distributions (percentage) of different fungal genra/species in total isolates 

were determined as follow: 

= (Number of isolates of a specie or genus/Total number of isolates) x100. 

Frequency (%) of presence of toxigenic and nontoxigenic Aspergillus fungi in 

commodities was also determined. In embryotoxicity studies different parameters of 

experimental group were compared by “t” test (p≤ 0.05). A statistical software 

MSTATC® was used for statistical analysis. 
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CHAPTER 4 

 

RESULTS 

 

A total of 440 samples of different commodities were inoculated on different culture 

media. Fungi could be isolated from 270 (61.36%) samples (Fig. 2). A total of 330 

isolates were obtained from these cultures. 

Identification of fungal isolates 

The colony and microscopic characters of each isolate were used to identify the fungi up 

to genus and species level by comparing with synoptic keys (Singh et al., 1991; Raper 

and Funnel, 1965) as given in Appendix 1. Based upon these morphological and 

microscopic parameters following genera and species were identified; 

 

1. Aspergillus (167) 

i. A. carbonarius (7)   (Fig. 5,13) 

ii.  A.  flavus  (44)   (Fig. 3, 11)     

iii.  A. fumigatus (5)    

iv. A. niger aggregates (63) (Fig. 6,14)  
(Black Aspergilli) 

v. A. oryzae (2)    

vi. A. ochraceous (29)   (Fig.7,15)  

vii.  A. parasiticus (17)  (Fig. 4, 12)   

2. Alternaria spp. (11)      

3. Fusarium spp. (33)     (Fig. 10)     

4. Penicillium (115) 

  i. P. chrysogenum (27)  (Fig. 8)  

ii.  P. verrucosum (88)  (Fig. 9)     
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Fig. 2 Proportion of commodities samples yielding (positive) and not yielding fungi 

(negative)  
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Fig. 3  Aspergillus flavus colonies on Czapek dox solution agar media incubated at 

27 oC for 4 days. 
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Fig. 4  Aspergillus parasiticus colonies on Czapek dox solution agar media 

incubated at 27 oC for 5 days. 
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Fig. 5 Aspergillus carbonarius colonies on Czapek dox solution agar media  

incubated at 27 oC for 4 days. 
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Fig. 6 Aspergillus niger colonies on Czapek dox solution agar media incubated at 27 
oC for 5 days. 
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Fig. 7 Aspergillus ochraceous colonies on Czapek dox solution agar media 

incubated at 27 °C for 4 days 
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Fig. 8  P. verrucosum colonies on potato dextrose agar media incubated at 27 oC 

for 4 days. 
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Fig.9  P. chrysogenum colonies on potato dextrose agar media incubated at 27 oC 

for 4 days. 
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Fig. 10 Fusarium spp. white or creamish color colonies incubated on Czapek dox 

solution agar media for 4 days at 27 oC.  
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Fig. 11  Microscopic slide culture of A. flavus showing long nonseptate hyphae and 

dome shaped vesicle fertile from entire surface. 

 



 

 

63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 Microscopic slide culture of A. parasiticus showing long and rough hyphae 

with globose radiating head. 



 

 

64 

 

 

 

Fig. 13 Microscopic slide culture of A. carbonarius showing rough hyphae with 

globose radiating head. 
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Fig. 14 Microscopic slide culture of A. niger aggregates showing long hyphae with 

globose blackish brown head fertile on entire surface  



 

 

66 

 

 

 

 

Fig. 15      Microscopic slide culture of A. ochraceous showing long, thick and    
                 rough hypahe with big vesicle fertile on all surfaces 
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Identification of toxigenic Aspergillus fungi 

 

Florescence of Aspergillus fungi under ultraviolet light (365 nm)  

All isolates of Aspergillus inoculated on Czapek dox solution agar were examined for 

florescence at 12, 24, 36, 48, 72, 96 and 120 hours following inoculation. Florescence 

was examined under long wavelength UV light (365 nm) in complete darkness. Different 

isolated fluoresced with blue green and blue colors (Table 1).  

 

Table 1. Florescence of different Aspergillus species isolates under UV light 

Species 
Fluorescing isolates / 

total isolates 
Color 

A. carbonarius 3/7 Blue  

A. flavus 30/44 
Blue green (Fig. 16) 

Blue 

A. fumigates 0/5 --- 

A. niger aggregates 

(Black Aspergilli) 
29/63 Blue (Fig. 17) 

A. oryzae 0/2 --- 

A. ochraceous 18/27 Blue (Fig. 18) 

A. parasiticus 13/17 
Blue green,  

Blue  
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Fig. 16  Aspergillus flavus, 4 days old colonies showing blue florescence under UV 

light (365 nm) . 
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Fig.17  Aspergillus niger, 5 days old colony showing blue florescence under UV 

light at long wavelength (365 nm) 
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Fig. 18 A. ochraceous 3 day old colonies showing blue florescence under UV light 

(365 nm) 
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Identification of toxigenic fungi by detection of aflatoxin and ochratoxin 

A in extracts of pure cultures using chromatographic technique 

 

Aspergillus crabonarius: 

A blue green fluorescence was observed in 3 out of 7 total isolates of A. crabonarius 

(Table 1). All the fluorescing isolates produced OTA in varying concentrations (Table 2).  

 

Aspergillus fumigatus: 

No fluorescence was observed in any of the 5 isolates of A. fumigatus (Table 1). These 

isolates did not produce either AF or OTA (Table 3). 

 

Aspergillus flavus: 

 Fluorescence was observed in 30 out of 44 total isolates of A. flavus (Table 1). Blue 

green florescence was observed in (23) and blue in (8) isolates.  All the fluorescing 

isolates produced different aflatoxins in varying concentrations (Table 4).  Nine isolates 

produced four aflatoxins (AFB1, AFB2, AFG1, AFG2), whereas two isolates produced 

AFB1,  AFG1, AFG2, four produced AFB2, AFG1, AFG2, three produced AFB1, AFB2, 

AFG2, five produced AFB1, AFB2, AFG1, two produced AFB1,  AFG1, one produced 

AFB1, AFB2, two  produced AFB1 and two AFB2. Fourteen isolates did not produce AF 

or OTA. 

  

Aspergillus niger aggregates (Black Aspergilli): 

Blue fluorescence was observed in 29 out of 63 total isolates of A. niger aggregates 

(Table 1). All the fluorescing isolates produced OTA in varying concentrations (Table 5).  

 

Aspergillus ochraceous: 

Blue fluorescence was observed in 18 out of 27 total isolates of A. ochraceous (Table 1). 

All the fluorescing isolates produced OTA in varying concentrations as presented in 

Table 6. 
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Aspergillus parasiticus: 

Fluorescence was observed in 13 out of 17 total isolates of A. parasiticus (Table 1). The 

color produced by these fluorescing isolates was blue green (11) and blue (2). All the 

fluorescing isolates produced different aflatoxins in varying concentrations. Ten isolates 

produced four aflatoxins (AFB1, AFB2, AFG1, and AFG2) whereas 2 isolates produced 

AFB1 and AFG1. One isolate produced AFB1 and AFB2 while 4 isolates did not 

produced any aflatoxin. None of the isolates produced OTA (Table 7). 
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Table 2 Toxigenic potential of Aspergillus carbonarius as determined by 

HPLC technique (Smedsgaard 1997) 

Isolates 

Identification 
Florescence 

Mycotoxins (ng/g) 

AFB1 AFB2 AFG1 AFG2 OTA 

101, 273, 373 Blue green ND ND ND ND 0.12-67.3 

142, 233, 268, 

349 
No ND ND ND ND ND 

 

 

 

Table 3 Toxigenic potential of Aspergillus fumigatus as determined by HPLC 

technique (Smedsgaard 1997) 

 

Isolates 

Identification 
Florescence 

Mycotoxins (ng/g) 

AFB1 AFB2 AFG1 AFG2 OTA 

79, 91, 163, 

395, 413 
No ND ND ND ND ND 

 

 

 

 

 

 

 

 

 



 

 

74 

 

Table 4 Toxigenic potential of Aspergillus flavus as determined by HPLC 

technique (Smedsgaard 1997) 

 

 

 

 

 

 

 

Isolates 

Identification 

Florescence 

 

Mycotoxins (ng/g) 

AFB1 AFB2 AFG1 AFG2 OTA 

24, 61, 190, 

120, 312, 281, 

283,  352, 397 

Blue green 5.77-1753 0.30-688 
11.23-

26.36 

0.074-

0.67 
ND 

90, 135 Blue green 62.86 ND 1.652 0.16 ND 

2, 7, 123, 167, 

4 
Blue green ND 

0.38-

949.55 

0.38-

37.76 

0.086-

0.37 
ND 

181,  318 Blue green 399.71 86.73 ND 0.69 ND 

241, 292, 

400,59, 431 
Blue green 

10.06 -

1319.18 

2.93 -

295.15 

1.113-

59.08 
ND ND 

8, 42 Blue green 0.51 ND 20.68 ND ND 

219 Blue 11.54 2.09 ND ND ND 

79, 216 Blue 1.41-7.99 ND ND ND ND 

77, 401 Blue ND 635.49        ND ND ND 

1, 25, 46, 69, 

76,141,209,38, 

53, 178, 199, 

 230, 333, 335 

No fluorescence ND ND ND ND ND 
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Table 5 Toxigenic potential of Aspergillus niger aggregates as determined by 

HPLC technique (Smedsgaard 1997) 

 

Isolates 

Identification 
Florescence 

Mycotoxins (ng/g) 

AFB1 AFB2 AFG1 AFG2 OTA 

2, 6, 8, 30, 72, 

90, 94, 110, 

115, 118, 

119,133, 134, 

147, 162, 171, 

174, 187,213, 

235,250, 270, 

327,  314, 350, 

362, 435,  

Blue green  ND ND ND ND 
0.037-

1861 

5, 15,31, 36,  

41, 42, 51,61, 

62,  74, 86,93,  

130, 138, 161, 

193, 208, 211, 

214, 215, 245, 

271, 282, 297, 

330,353, 379, 

392,  398, 419, 

428,  

No ND ND ND ND ND 
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Table 6 Toxigenic potential of Aspergillus ochraceous as determined by HPLC 

technique (Smedsgaard 1997) 

 

Isolates 

Identification 
Florescence 

Mycotoxins (ng/g) ppb 

AFB1 AFB2 AFG1 AFG2 OTA 

42, 66, 119, 

132, 172, 180, 

184, 258, 270, 

348, 375, 377, 

384, 397, 403, 

259, 343, 344,  

Blue green ND ND ND ND 
0.43- 

15045  

124, 220, 289, 

304, 325, 359, 

368, 436, 428 

 ND ND ND ND ND 

 

 

Table 7 Toxigenic potential of Aspergillus parasiticus as determined by HPLC 

technique (Smedsgaard 1997) 

Isolates 

Identification 
Florescence  

Mycotoxins (ng/g) 

AFB1 AFB2 AFG1 AFG2 OTA 

28,76, 98,  

101, 140, 171, 

225, 286, 406, 

439, 

Blue green 
11.86-

1370.45 

0.24-

282.72 

1.66-

47.29 

0.09-

14.57 
ND 

272, 302 Blue green 1.44 ND 0.27 ND ND 

381 Blue 76.27 15.81 ND ND ND 

99, 276, 267, 

411 
No ND ND ND ND ND 
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MOLECULAR IDENTIFICATION OF SELECTED BLACK ASPERGILLUS 

ISOLATES OF POULTRY FEEDS  

A totalt of 5 isolates with macroscopic characters suggestive of black Aspergilli were 

randomly selected from those isolated from the poultry feeds. Apart from these, one 

randomly selected isolate of each of morphologically identified A. flavus and 

P.chrysogenum species was also used for molecular identification. These isolates were 

cultured on Vogel medium, mycelia collected by centrifugation  and genomic DNA was 

extracted from harvested mycelia. The quality of DNA was determined by horizontal gel 

electrophoresis using 1% agarose gel stained by ethiedium bromide (Fig. 19) .This 

extracted genomic DNA was used as template to amplify ITS region of fungal isolates by 

using primer pairs (ITS1& ITS4). The ITS region of fungal isolates (Sample no. 15, 134, 

138, 215, 250, 362 and 428) amplified  600 bp size band (Fig. 20, 21). PCR amplicons (~ 

600 bp) of fungal ITS regions were sequenced to identify the fungal isolates from poultry 

feed. For sequence analysis these PCR products were ligated, transformed in competent 

cells and plasmid (Fig. 22) were extracted and used as template for plasmid PCR for 

confirmation of required band size. Plasmid PCR amplified 600 bp band sizes similar to 

genomic DNA PCR (Figs. 23).  Plasmid containing the required inserts were first cloned 

in cloning vectors then sequenced from Macrogen Korea. 

An un-rooted phylogenetic tree (Fig. 24) based on ITS sequences of fungal isolates was 

constructed using DNAMAN 6.0 programme for identification. Identified fungal species 

along with their accession numbers (GenBank/DDJB) are given in Table 9.  
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Fig.19  Genomic DNA isolation of poultry feed fungal isolates 

 

Fungal strains grown in Vogel Medium and mycelia harvested by centrifugation and 

genomic DNA extracted by Cenis method (Cenis, 1992). M= 1 kb DNA marker, 

Fermentas, Lane 1-6represent genomic DNA of different fugal strains on 1% agarose gel 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20 PCR amplification of ITS regions from genomic DNA of fungal 

isolates 

A 600 bp DNA fragment amplified using high fidelity Pfu DNA polymerase enzyme 

with ITS1 and ITS4 primer pair (ITS1 forward and ITS4 reverse primer),M= DNA 

marker (100 bp) Lane 1=  UAF 362, Lane 2 = UAF -250 
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Fig. 21 PCR amplification of ITS regions from genomic DNA of fungal 

isolates 

A 600 bp DNA fragment amplified using high fidelity Pfu DNA polymerase enzyme 

with ITS1 and ITS4 primer pair (ITS1 forward and ITS4 reverse primer),M= DNA 

marker (1 kb) Lane 1=  UAF-15, Lane 2 = UAF-215, Lane 3=UAF-250  , Lane 4=UAF-

138 , Lane 5=UAF-428   , Lane 6=UAF-134     
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Fig. 22   Lane 1-4 plasmid containing clone  

Plasmid containing positive clone isolated by cloning kit (Fermentas, USA).  

 

, 

 

 

 

 

 

 

 

 

Fig. 23 PCR amplification of ITS regions from plasmid isolated from positive 

clones of fungal isolates (Plasmid PCR) 

 

A 600 bp DNA fragment was amplified using high fidelity Pfu DNA polymerase enzyme 

with forward and reverse primer pairs.  Lane 1= UAF-250, Lane 2= UAF-362, Lane 3= 

UAF-15, Lane 4= UAF-215, Lane 5 = UAF-138, Lane 6 = UAF-428, Lane 7 = UAF-134.  
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Fig. 24 An un-rooted phylogenetic tree of fungal isolates from poultry based on the ITS 

sequence homology. Tree was constructed using DNAMAN 6.0 by neighbor-

joining method. Our isolates are indicated by shaded boxes. 
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Table 8 Identified fungal strains and their accession numbers 

Species Isolate Accession No 

A. tubingensis 215-UAF FJ960823 

A. tubingensis 250-UAF FJ960824 

A. niger 362-UAF FJ960825 

P.chrysogenum 134-UAF FJ969192 

A. flavus 138-UAF FJ969193 

A. tubingensis 428-UAF GQ149491 

A. tubingensis 15-UAF GQ149492 
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FUNGAL CONTAMINATION OF POULTRY FEEDS AND FEED 

INGREDIENTS  

A total of 440 samples of different commodities collected from August 2005 to August 

2007 (Table 9) were inoculated on different culture media. Out of 440 inoculated 

samples, 270 yielded fungal growths while 170 did not showed any fungal growth. 

 

Table 9 Frequency of contamination of different commodities with fungi 

Name of commodity  No of samples  Positive samples  

Poultry Feed (C1)  89  62 (69.66 %)  

Poultry Feed (F2)  30  25 (83.33 %)  

Canola meal  10 4 (40.0 %)  

Corn  82  46 (56.09 %)  

Corngluten meal 8 6 (75.0 %)  

Cottonseed meal 26  13 (50.0 %)  

Fish meal  18 6 (33.33.0 %)  

Rice (broken) 31  20 (64.51 %)  

Rice polishing  35 20 (57.14 %)  

Soybean meal  11  5 (45.5 %)  

Sunflower meal  16  9 (56.3 %)  

Wheat  67  45 (67.16 %)  

Wheat bran  17  10 (58.82 %)  

1 Commercially prepared  2Farm mixed 
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A detailed description of mycoflora of different commodities has been presented in the 

following text. 

 

Poultry feed (Commercial) 

Out of total 89 samples of commercial poultry feed 62 (69.66 %) yielded fungi while 27 

(30.34 %) samples yielded no fungi (Table 10). Fungi belonging to four genera including 

Aspergillus, Alternaria, Fusarium and Penicillium were isolated from commercial 

poultry feed. Based upon total feed samples (n=89) frequency distribution of Aspergillus, 

Alternaria, Fusarium and Penicillium was 43.82, 1.12, 5.61 and 22.47 percent, 

respectively. Among all the isolates (n=65) frequency of distribution of Aspergillus, 

Alternaria, Fusarium and Penicillium was 60.0, 1.54, 7.69 and 30.77 percent, 

respectively. 

Among different species isolated A. niger (19.10 & 26.15 %) was most frequently 

isolated species on basis of total samples and isolates followed by P. verrucosum (14.60 

& 20 %), A.  flavus (8.98 & 12.30 %),  A. ochraceous & P. chryosogenum (7.86 & 10.8 

%), A. parasiticus and Fusarium spp. (5.61 & 7.7 %). A. carbonarius, A. fumigatus and 

Alternaria spp. (1.12 & 1.54 %).  

Out of 39  isolates of Aspergillus from commercial poultry feed, 31 (79.48 %) were 

found toxigenic. Aflatoxigenic isolates included A. flavus (8/8, 100 %), A. parasiticus 

(5/5, 100 %). Ochratoxigenic isolates included A. carbonarius (1/1, 100 %), A. niger 

aggregates (9/17, 52.94 %) and A. ocharceous (7/7, 100 %).  
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Poultry feed (Farm mixed) 

Out of 30 samples 25 (83.33 %) yielded fungi while no fungus could be isolated from 5 

(16.67 %) samples (Table 11). Fungi belonging to Aspergillus, Alternaria, Fusarium and 

Penicillium were isolated and based upon total samples (n=30) frequency distribution of 

was 46.66, 10, 10 and 23.33 percent, respectively. Among total isolates (n=27) frequency 

distribution of Aspergillus, Alternaria, Fusarium and Penicillium was 51.85, 11.11, 11.11 

and 25.93 percent, respectively. Penicillium verrucosum was the most frequently isolated 

species followed by A. flavus, A. niger aggregates, Alternaria spp., Fusarium spp., A. 

ochraceous, A. parasiticus, A. carbonarius and A. fumigatus.  

Out of 14 isolates of Aspergillus from farm-mixed poultry feed, 9 (64.28 %) were found 

toxigenic. Aflatoxigenic isolates included A. flavus (2/3, 66.67 %), A. parasiticus (2/2, 

100 %). Ochratoxigenic isolates included A. niger aggregates (2/3, 66.67 %) and A. 

ocharceous (3/3, 100 %).  
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Table 10 Frequency distribution (percent) of different fungi isolated from  

  Commercial poultry feed samples (n=89) 

Fungi Isolated 
No. of 

isolates 

Based upon 

total samples 

(n=89) 

Based upon 

total isolates 

(n=65) 

Aspergillus spp. 

based upon total 

Aspergillus 

isolates (n=39) 

Aspergillus 39 43.82 60  

A. carbonarius 1 1.12 1.54 2.56 

A. flavus 8 8.98 12.30 20.51 

A. fumigatus 1 1.12 1.54 2.56 

A. niger 

aggregates 
17 19.10 26.15 43.59 

A. ochraceous 7 7.86 10.77 17.95 

A. parasiticus 5 5.61 7.69 12.82 

Alternaria 1 1.12 1.54  

Fusarium 5 5.61 7.69  

Penicillium 20 22.47 30.77  

P. verrucosum 13 14.60 20.0  

P. chrysogenum 7 7.86 10.77  
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Table 11 Frequency distribution (percent) of different fungi isolated from 

farm-mixed poultry feed samples (n=30) 

Fungi Isolated No of 

isolates 

Based upon 

total samples 

(n=30) 

Based upon 

total isolates 

(n=27) 

Aspergillus spp. 

based upon total 

Aspergillus 

isolates (n=14) 

Aspergillus 14 46.66 51.85  

A. carbonarius 1 3.33 3.70 7.14 

A. flavus 3 10 11.11 21.4 

A. fumigatus 1 3.33 3.70 7.14 

A. niger 

aggregates 

4 13.33 14.81 28.57 

A. ochraceous 2 6.66 7.41 14.28 

A. oryzae 1 3.33 3.70 7.14 

A. parasiticus 2 6.66 7.41 14.28 

Alternaria 3 10 11.11  

Fusarium 3 10 11.11  

Penicillium 7 23.33 25.93  

P. chrysogenum 2 6.66 7.41  

P. verrucosum 5 16.66 18.52  
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Mycobiota of cereals 

Corn  

Out of a total of 82 samples of corn 46 (56.09 %) yielded fungi and 36 (43.91%) samples 

yielded no fungus. Isolated fungi belonged to genera Aspergillus, Alternaria, Fusarium 

and Penicillium and their frequency of distribution calculated from the total samples was 

32.94, 1.22, 9.76 and 28.05 percent, respectively. Calculated upon the total fungal 

isolates (n=60), the frequency of distribution of Aspergillus, alternaria, Fusarium and 

Penicillium was 45, 1.67, 15.0 and 38.33 percent, respectively (Table 12).  

P. verrucosum was the most frequently isolated species among total samples followed by 

Fusarium spp., A. niger aggregates, A. ochraceous, A. flavus, P. chryosogenum, A. 

parasiticus, A. carbonarius and Alternaria spp.  

Among Aspergillus species A. niger aggregates and A. ochraceous were most frequently 

isolated followed by A. flavus, A. parasiticus and A. carbonarius.  

Out of 27 isolates of Aspergillus, 14 (51.85 %) were found toxigenic. Aflatoxigenic 

isolates included A. flavus (3/7, 42.86%), A. parasiticus (2/3, 66.66%). Ochratoxigenic 

isolates included A. carbonarius (1/1, 100 %), A. niger aggregates (3/8, 37.50 %) and A. 

ocharceous (5/8, 62.50 %).  

 

Rice  

A total of 31 samples of broken rice were examined for fungal contamination. Out of 

these 20 (64.51 %) samples yielded fungi, while 11(35. 49 %) yielded no fungus. 

Different fungal genera isolated include, Aspergillus. Alternaria, Fusarium and 

Penicillium. On commodity basis frequency distribution of Aspergillus, Alternaria, 

Fusarium and Penicillium was 32.27, 6.45, 16.13 and 25.81 percent, respectively. Among 

isolated fungi frequency distribution of Aspergillus, Alternaria, Fusarium and 

Penicillium was 40, 8, 20 and 32 percent, respectively.  

Among different isolated species Penicillium verrucosum was most frequently isolated 

species followed by Fusarium spp., A. flavus, A. niger aggregates, P. chrysogenum, 

Alternaria spp., A. fumigatus, A. ochraceous, and A. parasiticus. (Table 13)   
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Out of 10 Aspergillus isolates, 5 (50%) were found toxigenic. Aflatoxigenic isolates 

included A. flavus (2/4, 50%), A. parasiticus (1/1, 100%). Ochratoxigenic isolates 

included A. niger aggregates (1/3, 33.33%) and A. ocharceous (1/1, 100%).  

 

Wheat 

A total of 67 samples of wheat were analyzed for fungal growth. Out of these 45 (67. 16 

%) yielded fungi, while 22 (32.84 %) samples yielded no fungus. Based upon total 

samples, frequency distribution of Aspergillus, Alternaria, Fusarium and Penicillium was 

34.88, 5.97, 7.46 and 26.74 percent, respectively. Among total isolates, frequency 

distribution of Aspergillus, Alternaria, Fusarium and Penicillium was 48.39, 6.45, 8.06 

and 37.09 percent, respectively. (Table 14) 

P. verrucosum was the most frequently isolated species in total samples followed by A. 

niger aggregates, A. flavus, A. ochraceous, A. parasiticus,  Fusarium spp. ,Alternaria 

spp., P. chrysogenum, A. carbonarius and A. fumigates. Among Aspergilli A. niger 

aggregates (42.42%) was most frequently isolated species followed by A. flavus 

(18.18%), A. ochraceous (18.18%), , A. parasiticus (15.15%), A. carbonarius (3.03%) 

and A. fumigatus (3.03%). 

Out of 30 Aspergillus isolates of wheat, 17 (56.67%) were found toxigenic. Aflatoxigenic 

isolates included A. flavus (3/6, 50%), A. parasiticus (4/5, 80%). Ochratoxigenic isolates 

included A. niger aggregates (6/14, 42.86%) and A. ocharceous (3/3, 100%).  
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Table 12 Frequency distribution (percent) of different fungi isolated from corn 

samples (n=82)  

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=82) 

based upon 

total isolates 

(n=60) 

Aspergillus spp 

based upon total 

Aspergillus 

isolates (n=27) 

Aspergillus 27 32.94 45  

A. carbonarius 1 1.22 1.67 3.70 

A. flavus 7 8.54 11.67 25.93 

A. niger aggregates 8 9.76 13.33 29.63 

A. ochraceous 8 9.76 13.33 29.63 

A. parasiticus 3 3.66 5 11.11 

Alternaria 1 1.22 1.67  

Fusarium 9 10.97 15  

Penicillium 23 28.05 38.33  

P. chrysogenum 4 4.88 6.67  

P. verrucosum 19 23.17 31.67  
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Table 13 Frequency distribution (percent) of different fungi isolated from broken 

rice samples (n=31)  

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=31) 

based upon 

total isolates 

(n=25) 

Aspergillus spp 

based upon total 

Aspergillus 

isolates (n=10) 

Aspergillus 10 32.27 40  

A. flavus 4 12.90 16 40 

A. fumigatus 1 3.23 4 10 

A. niger aggregates 3 9.68 12 30 

A. ochraceous 1 3.23 4 10 

A. parasiticus 1 3.23 4 10 

Alternaria 2 6.45 8  

Fusarium 5 16.13 20  

Penicillium 8 25.81 32  

P. chrysogenum 3 9.68 12  

P. verrucosum 5 16.13 20  
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Table  14 Frequency distribution (percent) of different fungi isolated from  

wheat samples (n=67) 

Fungi Isolated 
No of 

isolates 

Based upon 

total samples 

(n=67) 

Based upon 

total isolates 

(n=62) 

Aspergillus spp. based 

upon total Aspergillus 

isolates (n=30) 

Aspergillus 30 34.88 48.39  

A. carbonarius 1 1.49 1.61 3.33 

A. flavus 6 8.95 9.68 20.0 

A. fumigates 1 1.49 1.61 3.33 

A. niger aggregates 14 20.89 22.58 46.67 

A. ochraceous 3 4.48 4.83 10.0 

A. parasiticus 5 7.46 8.06 16.67 

Alternaria 4 5.97 6.45  

Fusarium 5 7.46 8.06  

Penicillium 23 26.74 37.09  

P. chrysogenum 3 4.48 4.83  

P. verrucosum 17 25.37 27.42  
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Mycobiota of cereal by-products 

Wheat bran 

Out of the total 17 samples, 10 (58.82 %) yielded fungi, while 7 (41.18 %) samples 

yielded no fungus. Based upon total samples, frequency distribution of Aspergillus, 

Fusarium and Penicillium was 35.28, 11.76 and 29.40 percent, respectively. On total 

isolates basis frequency distribution of Aspergillus, Fusarium and Penicillium was 46.15, 

15.38 and 38.46 percent, respectively (Table 15). A. niger aggregates & P. verrucosum 

were predominant species in wheat bran followed by, Fusarium spp. P. chrysogenum,  A. 

flavus, A. fumigatus and A. ochraceous. Among Aspergilli, A. niger aggregates (50 %) 

was the most frequently isolated specie followed by A. flavus (16.67 %), A. fumigates 

(16.67 %)  and A. ochraceous, (16.67 %).  

Out of 6   Aspergillus isolates of Wheat-bran, 1 (16.67 %) was found toxigenic. No 

aflatoxigenic isolates was found toxigenic. Ochratoxigenic isolates included A. 

ocharceous (1/1, 100 %).  

 

Rice-polishing 

Out of total (n=35) samples cultured 20 (57.14%) yielded fungi while 15 (42.86%) 

samples yielded no fungus. Fungi belonging to Aspergillus, Fusarium and Penicillium 

were isolated from rice-polishing and based upon total samples, frequency distribution of 

was 43.59, 2.86 and 28.57 percent, respectively. Among total isolates (n=24) frequency 

distribution of Aspergillus, Fusarium and Penicillium was 54.17, 4.16 and 41.67 percent, 

respectively.  

Among different species isolated A. flavus, A. niger and P. verrucosum were most 

frequently isolated species in total samples and isolates followed by A. ochraceous, A. 

carbonarius and Fusarium spp. (Table 16).  

Out of 13 Aspergillus isolates of Rice-polishing, 8 (61.54%) were found toxigenic. 

Aflatoxigenic isolates included A. flavus (3/5, 60%).Ochratoxigenic isolates included A. 

carbonarius (2/2, 100%) A. ocharceous (2/2, 100%) and A. niger aggregates (1/4, 25%). 
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Table 15 Frequency distribution (percent) of different fungi isolated from 

wheat bran samples (n=17)  

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=17) 

based upon 

total isolates 

(n=13) 

Aspergillus spp. 

based upon total 

Aspergillus 

isolates (n=6) 

Aspergillus 6 35.28 46.15  

A. flavus 1 5.88 7.70 16.67 

A. fumigatus 1 5.88 7.70 16.67 

A. ochraceous 1 5.88 7.70 16.67 

A. niger aggregates 3 17.64 23.07 50 

Fusarium 2 11.76 15.38  

Penicillium 5 29.40 38.46  

P. chrysogenum 2 11.76 15.38  

P. verrucosum 3 17.64   
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Table 16 Frequency distribution (percent) of different fungi isolated from 

  Rice polishing samples (n=35) 

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=35) 

based upon 

total isolates 

(n=24) 

Aspergillus spp. 

based upon total 

Aspergillus 

isolates (n=13) 

Aspergillus 13 43.59 54.17  

A. carbonarius 2 5.71 8.33 15.38 

A. flavus 5 14.29 20.83 38.46 

A. niger aggregates 4 11.43 16.67 30.77 

A. ochraceous 2 5.71 8.33 15.38 

Fusarium 1 2.86 4.16  

Penicillium 10 28.57 41.67  

P. chrysogenum 2 5.71 8.33  

P. verrucosum 8 22.86 33.33  
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Mycobiota of oilseed meals 

Canola meal  

A total of 10 samples of canola meal, 4 (40 %) yielded fungi while 6 (60 %) samples 

yielded no fungus. Based upon total samples, frequency distribution of Aspergillus and 

Penicillium was 30 and 20 percent, respectively. On total isolates basis frequency 

distribution of Aspergillus and Penicillium was 60, and 40 percent, respectively. A. niger 

aggregates were most frequently occurring species followed by A. flavus, P. chrysogenum 

and P. verrucosum (Table 17). 

Out of 3 Aspergillus isolates of canola meal, 2 (66.67%) were found toxigenic. 

Aflatoxigenic isolates included A. flavus (1/1, 100 %).Ochratoxigenic isolates included A. 

niger aggregates (1/2, 50%). 

 

Corngluten meal  

Out of 8 samples of corngluten meal 6 (75.0 %) yielded fungi, while 2 (25.0 %) sample 

yielded no fungus. Fungi isolated from corngluten meal included Aspergillus and 

Penicillium. Frequency distribution of these genera on total sample number basis was 

62.5 and 50.0 percent, respectively. Based upon total isolates frequency distribution of 

Aspergillus and Penicillium was 55.56 and 44.44%, respectively. 

Among different species A. flavus was the most frequently isolated species followed by 

P. chrysogenum, P. verrucosum, A. niger aggregates and A. ochraceous. Among 

Aspergillus species A. flavus was the most frequently isolated species followed by A. 

niger aggregates and A. ochraceous and their isolation frequency was 60, 20 and 20 

percent, respectively (Table 18).  

Out of 5 Aspergillus isolates, 2 (40%) were found toxigenic. Aflatoxigenic isolates 

included A. flavus (1/3, 33.33%). Ochratoxigenic isolates included A. ocharceous (1/1, 

100%). 
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Cottonseed meal  

Out of a total of 26 samples, 13 (50%) yielded fungi while 13(50%) sample yielded no 

fungus. Fugal genera isolated from cottonseed meal include Aspergillus, Alternaria, 

Fusarium and Penicillium (Table 19).  Aspergillus was most frequently isolated genus 

followed by Penicillium, Fusarium, and Alternaria, and their isolation frequency was 

30.77, 19.23, 7.69 and 3.85, respectively. Among isolates frequency distribution of 

Aspergillus, Penicillium, Fusarium and Alternaria was 50.0, 31.25, 12.50 and 6.25, 

respectively. 

 P. verrucosum was the most frequently isolated species total sample basis followed by A. 

niger aggregates, A. flavus, Fusarium spp., A. carbonarius, A. ochraceous,   A. 

parasiticus and P. chrysogenum. 

A. niger aggregates was most frequently isolated species among Aspergilli followed by A. 

flavus, A. carbonarius, A. ochraceous and A. parasiticus.  

Out of 8 Aspergillus isolates, cottonseed meal 3 (37.5%) were found toxigenic. 

Aflatoxigenic isolates included A. parasiticus (1/1, 100%). Ochratoxigenic isolates 

included A. ocharceous (1/1, 100%) and A. niger aggregates (1/3, 33.33%). 

 

Soybean meal 

A total of 11 samples of soybean meal were analyzed for fungal growth. Out of these, 6 

(54.55 %) samples yielded fungi, while 5 (45.45 %) yielded no fungus. Based upon total 

samples frequency distribution of Aspergillus, Fusarium and Penicillium was 36.36, 9.09 

and 9.09 percent, respectively. Out of total isolates frequency distribution of Aspergillus, 

Fusarium and Penicillium was 66.66, 16.66 and 16.66 percent, respectively. A. niger 

aggregates was the most frequently isolated species followed by P. verrucosum,  A. 

flavus, A. ochraceous and Fusarium spp. as presented  in Table 20. 

Out of 3 Aspergillus isolates, 1 (33.33%) was found toxigenic. No aflatoxigenic isolate 

could be found. Ochratoxigenic isolate included A. ocharceous (1/1, 100%). 

Sunflower meal 

Out of a  total of 16 samples of sunflower  9 (54.55%) samples yielded fungi, while 5 

(45.45%) samples yielded no fungus (Table 21). Based upon total samples, frequency 
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distribution of Aspergillus and Penicillium was 31.25 and 25 percent, respectively. Based 

upon total isolates, the frequency distribution of Aspergillus and Penicillium was 55.56 

and 44.44 percent respectively. P. verrucosum was predominant species in total samples 

and isolated species followed by A. flavus, A. niger aggregates and A. ochraceous.   

Out of 5 Aspergillus isolates of sunflower meal, 4 (80%) were found toxigenic. 

Aflatoxigenic isolates included A. flavus (2/2, 100%).Ochratoxigenic isolates included A. 

ocharceous (1/1, 100%) and A. niger aggregates (1/2, 50%). 

 

Table 17 Frequency distribution (percent) of fungi isolated from canola meal  

  samples (n= 10) 

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=10) 

based upon 

total isolates 

(n=5) 

Aspergillus spp. 

based upon total 

Aspergillus 

isolates (n=3) 

Aspergillus 3 30 60  

A. flavus 1 10 20 33.33 

A. niger aggregates 2 20 40 66.67 

Penicillium 2 20 40  

P. verrucosum 1 10 20  

P. chrysogenum 1 10 20  
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Table  18 Frequency distribution (percent) of different fungi isolated from  

  corngluten meal samples (n=8) 

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=8) 

based upon 

total isolates 

(n=9) 

Aspergillus spp 

based upon total 

Aspergillus 

isolates (n=5) 

Aspergillus 5 62.5 55.56  

A. ochraceous 1 12.5 11.11 20 

A. flavus 3 37.5  33.33 60 

A. niger aggregates 1 12.5 11.11 20 

Penicillium 4 50 44.44  

P. chrysogenum 2 25 22.22  

P. verrucosum 2 25 22.22  
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Table 19 Frequency distribution (percent) of different fungi isolated from 

cottonseed meal samples (n=26)  

 

 

 

 

 

 

 

 

 

 

 

Fungi Isolated 
No of 

isolates 

Based  upon 

total samples 

(n=26) 

Based  upon 

total isolates 

(n=16) 

Aspergillus spp. 

based upon total 

Aspergillus 

isolates (n=8) 

Aspergillus 8 30.76 50  

A. carbonarius 1 3.85 6.25 12.5 

A. flavus 2 7.69 12.5 25 

A. niger aggregates 3 11.54 18.75 37.5 

A. ochraceous 1 3.85 6.25 12.5 

A. parasiticus 1 3.85 6.25 12.5 

Alternaria 1 3.85 6.25  

Fusarium 2 7.69 12.50  

Penicillium 5 19.23 31.25  

P. chrysogenum 1 3.85 6.25  

P. verrucosum 4 15.38 25  
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Table  20 Frequency distribution (percent) of different fungi isolated from 

soybean meal samples (n=11)  

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=) 

based upon 

total isolates 

(n=) 

Aspergillus spp 

based upon total 

Aspergillus 

isolates (n=) 

Aspergillus 3 27.28 60  

A. flavus 1 9.09 20 33.33 

A. niger 

aggregates 

1 9.09 20 33.33 

A. ochraceous 1 9.09 20 33.33 

Fusarium 1 9.09 20  

Penicillium 1 9.09 20  

P. verrucosum 1 9.09 20  
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Table  21 Frequency distribution (percent) of different fungi isolated from 

sunflower meal samples (n=16)  

Fungi Isolated No of 

isolates 

based upon 

total samples 

(n=16) 

based upon 

total isolates 

(n=9) 

Aspergillus spp 

based upon total 

Aspergillus 

isolates (n=5) 

Aspergillus 5 31.25 55.56  

A. flavus 2 12.5 22.22 40 

A. niger aggregates 2 12.5 22.22 40 

A. ochraceous 1 6.25 11.11 20 

Penicillium 4 25 44.44  

P. verrucosum 4 25 44.44  
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Fishmeal  

A total of 18 samples of fishmeal were analyzed for fungal contamination. Six (33.33%) 

samples yielded fungi, while 10 (66.67%) sample yielded no fungi. Fugal genera isolated 

from fishmeal included Aspergillus and Penicillium. Frequency distribution of these 

fungi in total samples was 27.77 and 16.67 percent, respectively. Among isolates 

frequency distribution of Aspergillus and Penicillium was 62.5 and 37.5 percent, 

respectively as presented in Table 22. 

A. niger aggregates and P. verrucosum were the largely isolated species followed by A. 

flavus and A. ochraceous. Among  isolated Aspergilli A. niger aggregates (60%) was 

most frequently isolated specie followed by A. flavus (20 %) and A. ochraceous (20%) 

Out of 5  Aspergillus isolates of fishmeal , 3 (60%) were found toxigenic. Aflatoxigenic 

isolates included A. flavus (1/1, 100%). Ochratoxigenic isolates included A. ocharceous 

(1/1, 100%) and A. niger aggregates (1/3, 33.33%). 

Frequency distribution of different fungal species on the basis of total fungal isolated has 

been presented in figures 25. 
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Table  22 Frequency distribution (percent) of different fungi isolated from fish 

meal samples (n=18)  

Fungi Isolated No of 

isolates 

based upon 

total 

samples 

(n=18) 

based upon 

total isolates 

(n=8) 

Aspergillus spp 

based upon total 

Aspergillus isolates 

(n=5) 

Aspergillus 5 27.77 62.5  

A. flavus 1 5.55 12.5 20 

A. niger aggregates 3 16.67 37.5 60 

A. ochraceous 1 5.55 12.5 20 

Penicillium 3 16.67 37.5  

P. verrucosum 3 16.67 37.5  
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Frequency distribution (%) of diifferent fungal species on the 
basis  of total fungal species isolated from all the commodities
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Fig. 25 Isolation frequency of different fungal species on the basis of total isolated fungal species from all the 

commodities.
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CHICK EMBRYOTOXICITY STUDIES OF FUNGAL ISOLATES 

FROM POULTRY FEEDS AND FEED INGREDIENTS  

 

Aflatoxigenic fungal isolates  

Mortality and hatchability of 4 days old chick embryos administered 10 ng/egg aflatoxin 

produced by 12 randomly selected aflatoxigenic fungal isolates has been presented in 

Table 23. Mortality was lowest and hatchability was highest in embryos kept as controls.  

A variable degree of mortality and hatchability was observed in embryos administered 

same dose of AF produced by different isolates. Calculations based upon the 

concentration of AFB1 in each dose revealed a high mortality in embryos receiving 

higher amount of AFB1 compared with those receiving lower amount of AFB1. 

Embryonic mortality ranged between 25.0 and 66.67 percent in embryos which received 

from 4.14  to 9.83 ng/egg AFB1, respectively. In one case 16.67 percent mortality was 

present in embryos which received 2.19 ng/egg AFB1.  

Mortality and hatchability of chick embryos administered 100 ng/egg aflatoxin at 4th day 

of incubation, produced by 12 randomly selected aflatoxigenic fungal isolates, has been 

presented in Table 24. Mortality was lowest and hatchability was highest in embryos kept 

as controls.  A variable degree of mortality and hatchability was observed in embryos 

administered same dose of AF produced by different isolates. Calculations based upon 

the concentration of AFB1 in each dose revealed a higher mortality in embryos receiving 

higher amount of AFB1 compared with those receiving lower amount of AFB1. 

However, this pattern was not constant and some embryo of groups which received low 

amount of AFB1 showed a high mortality and vice versa. Embryonic mortality reached 

100 percent in embryos receiving > 90 ng/egg AFB1. In another group embryos receiving 

64 ng/egg AFB1 had 100 percent mortality. Eggs receiving AFB1 between   70-85 ng had 

55 to 85% mortality, respectively. 

A comparison of mortality between groups receiving AF 10 and 100 has been presented 

in Figure 26. 
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Table 23 Mortality and hatchability of 4 days-old chick embryos administered 

aflatoxin containing extract (10 ng/egg) of fungi from different 

poultry feeds or feed ingredients 

Sample ID 
AFB1 
ng/egg 

Mortality Number (%) 
Hatchability  

No. (%) 48 hrs. 
PI.  

168 hrs. 
PI.  

288 hrs. 
PI.  

504 hrs. 
PI. 

Cumulative   

Control 0.0 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

Drill  
(Shamed 
Control) 

0.0 2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0 2  (16.7) 10  (83.3) 

Vehicle 
control 

0.0 2  (16.7) 0  (00.0) 0  (00.0) 1 (8.3) 3 (25.0) 9  (75.0) 

Positive 
control (10 
ng/egg 
AF) 

 2  (16.7) 2  (16.7) 0  (00.0) 2  (16.7) 6  (50.0) 6  (50.0) 

28 9.73 2  (16.7) 3  (25.0) 0  (00.0) 2  (16.7) 7  (58.3) 5  (41.7) 

59 7.88 2  (16.7) 0  (00.0) 2  (16.7) 0  (00.0) 4  (33.3) 8  (66.7) 

171 8.20 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 6  (50.0) 6  (50.0) 

181 8.20 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

190 9.76 4  (33.3) 0  (00.0) 0  (00.0) 2  (16.7) 6  (50.0) 6  (50.0) 

219 8.46 2  (16.7) 0  (00.0) 1  (8.3) 0  (00.0) 3  (25.0) 9  (75.0) 

225 9.90 4  (33.3) 0  (00.0) 0  (00.0) 2  (16.7) 6  (50.0) 6  (50.0) 

281 2.19 0  (00.0) 0  (00.0) 2  (16.7) 0  (00.0) 2  (16.7) 10  (83.3) 

283 9.83 2  (16.7) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 4  (33.3) 

292 8.25 2  (16.7) 2  (16.7) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

381 4.14 2  (16.7) 0  (00.0) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

400 8.35 2  (16.7) 0  (00.0) 2  (16.7) 0  (00.0) 4  (33.3) 8  (66.7) 
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Table 24 Mortality and hatchability of 4 days-old chick embryos administered 

aflatoxin containing extract (100 ng/egg) of fungi isolated from different 

poultry feeds or feed ingredients  

Sample ID 

 

AFB1 

ng/egg 

Mortality Number (%) 
Hatchability  

No. (%) 48 hrs. 

PI.  

168 hrs. 

PI.  

288 hrs. 

PI.  

504 hrs. 

PI. 
Cumulative   

Control 00.00 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2 (16.7) 10 (83.3) 

Drill  

(Shamed 

Control) 

00.00 2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10 (83.3) 

Vehicle 

control 
00.00 2  (16.7) 0  (00.0) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

Positive 

control 

(100 

ng/egg AF) 

00.00 6  (50.0) 2  (16.7) 2  (16.7) 0  (00.0) 10  (83.3) 2  (16.7) 

28 97.3 10 (83.3) 0  (00.0) 0  (00.0) 2  (16.7) 12  (100.0) 0  (00.0) 

59 78.83 4  (33.3) 4  (33.3) 0  (00.0) 0  (00.0) 8  (66.7) 4  (33.3) 

171 82.04 4  (33.3) 0  (00.0) 4  (33.3) 2  (16.7) 10 (83.3) 2  (16.7) 

181 82.05 6  (50.0) 0  (00.0) 0  (00.0) 2  (16.7) 8  (66.7) 4  (33.3) 

190 97.62 10(83.3) 0  (00.0) 0  (00.0) 2  (16.7) 12 (100.0) 0  (00.0) 

219 84.64 4  (33.3) 0  (00.0) 2  (16.7) 0  (00.0) 6  (50.0) 6  (50.0) 

225 99.039 6  (50.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 2  (16.7) 

281 21.95 3  (25.0) 0  (00.0) 0  (00.0) 0  (00.0) 3  (25.0) 9  (75.0) 

283 98.33 8  (66.7) 2  (16.7) 2  (16.7) 0  (00.0) 12 (100.0) 0  (00.0) 

292 82.5 2  (16.7) 2  (16.7) 1  (8.3) 2  (16.7) 7  (58.3) 5  (41.7) 

381 41.4 2  (16.7) 2  (16.7) 1  (8.3) 0  (00.0) 5  (41.7) 7  (58.3) 

400 83.49 4  (33.3) 2  (16.7) 0  (00.0) 0  (00.0) 6  (50.0) 6  (50.0) 
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Fig. 26 Comparison of mortality between two dose levels of Aflatoxins (AF 10 ng/egg and AF 100 ng/egg)
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Ochratoxigenic fungal extracts 

Mortality and hatchability of  4 days-old chick embryos administered 100 ng/egg OTA 

produced by 7 different ochratoxigenic fungi isolated from  poultry feeds or feed 

ingredients has been presented inTable 25. Lowest mortality and highest hatchability was 

observed in chick embryos kept as controls. Administration of OTA resulted in an 

increase in embryonic mortality and a decrease in hatchability.  Embryonic mortality 

varying from 16.67 to 50.00 percent was observed by different OTA producing fungi. 

Similarly a corresponding variation in hatchability varied from 83.33 to 50.00 percent. 

Mortality and hatchability of  4 days-old chick embryos administered 1000 ng/egg OTA 

produced by 7 different ochratoxigenic fungi isolated from poultry feeds or feed 

ingredients has been presented in Table 26. Lowest mortality and highest hatchability 

was observed in chick embryos kept as controls. Administration of OTA resulted in an 

increase in embryonic mortality and a decrease in hatchability.  Embryonic mortality 

induced by fungal extracts of different ochratoxigenic fungal isolates varied from 66.7 to 

83.33 percent. A corresponding variation in hatchability varied from 33.33 to 16.67 

percent. 

A comparison of mortality between groups receiving OTA 100 and 1000 has been 

presented in Figure 27. 
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Table 25 Mortality and hatchability of 4 days-old chick embryos administered 

OTA containing extract (100 ng/egg) of fungi from different poultry feeds 

or feed ingredients 

Sample ID 

 

Mortality Number (%) 
Hatchability 

No (%) 48 hrs. 

PI. 

168 hrs. 

PI. 

288 hrs. 

PI. 

504 hrs. 

PI. 
Cumulative 

Control 0  (00.0) 0  (00.0) 0  (00.0) 1  (8.3) 1  (8.3) 11 (91.7) 

Drill 

(Shamed 

Control) 

0  (00.0) 0  (00.0) 2  (16.7) 0  (00.0) 2  (16.7) 10 (83.3) 

Vehicle I 

(ETH 30%) 

control 

2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10 (83.3) 

Vehicle II 

(NaHCO3) 

control 

2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10 (83.3) 

Positive 

Control (100 

ng/egg OTA) 

0  (00.0) 2  (16.7) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

2 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

42 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

66 2  (16.7) 2  (16.7) 0  (00.0) 2  (16.7) 6  (50.0) 6  (50.0) 

132 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

133 2  (16.7) 0  (00.0) 2  (16.7) 0  (00.0) 4  (33.3) 8  (66.7) 

180 2  (16.7) 0  (00.0) 2  (16.7) 0  (00.0) 4  (33.3) 8  (66.7) 

184 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 
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Table 26 Mortality and hatchability of 4 days-old chick embryos administered 

OTA (1000ng/egg) produced by fungi isolated from different poultry 

feeds or feed ingredients 

 

Sample ID 

 

Mortality Number (%) 
Hatchability 

No. (%) 48 hrs. 

PI. 

168 hrs. 

PI. 

288 hrs. 

PI. 
504 hrs. PI. Cumulative 

Control 0  (00.0) 0  (00.0) 0  (00.0) 1  (8.3) 1  (8.3) 11  (91.7) 

Drill (Shamed 

Control) 
0  (00.0) 0  (00.0) 2  (16.7) 0  (00.0) 2  (16.7) 10  (83.3) 

Vehicle I 

(ETH 30%) 

control 

2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10  (83.3) 

Vehicle II 

(NaHCO3) 

control 

2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10  (83.3) 

Positive 

Control  

(1000 ng/egg 

OTA) 

4  (33.3) 2  (16.7) 0  (00.0) 2  (16.7) 8  (66.7) 4  (33.3) 

2 6  (50.0) 0  (00.0) 0  (00.0) 2  (16.7) 8  (66.7) 4  (33.3) 

42 4  (33.3) 0  (00.0) 2  (16.7) 2  (16.7) 8  (66.7) 4  (33.3) 

66 2  (16.7) 2  (16.7) 2  (16.7) 3  (25.0) 9  (75.0) 3  (25.0) 

132 8  (66.7) 0  (00.0) 0  (00.0) 0  (00.0) 8  (66.7) 4  (33.3) 

133 8  (66.7) 0  (00.0) 2  (16.7) 0  (00.0) 10(83.3) 2  (16.7) 

180 4  (33.3) 0  (00.0) 2  (16.7) 3  (25.0) 9  (75.0) 3  (25.0) 

184 4  (33.3) 0  (00.0) 2  (16.7) 2  (16.7) 8  (66.7) 4  (33.3) 
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Fig. 27 Comparison of mortality between two dose levels of ochratoxin A (OTA 100 and 1000 ng/egg) 
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Non-toxigenic fungal extracts 

Mortality and hatchability of 4 days-old chick embryos administered extracts of 18 

nontoxigenic fungi (100 µl/egg) isolated from poultry feeds or feed ingredients has been 

presented in Table 27. Mortality was lowest and hatchability was highest in embryos kept 

as different controls.  A variable degree of mortality and hatchability was observed in 

embryos administered same dose of nontoxigenic fungal extracts produced by different 

isolates. However, isolates No. 4, 9, 15, 79, 123, 193 and 209 showed mortality ranging 

from 25 to 33.33%. In remaining all the groups mortality was lowest and hatchability was 

highest. 

Mortality and hatchability of 4 days-old chick embryos administered extracts of 18 

nontoxigenic fungi (500 µl/egg) produced by fungal isolated has been presented in Table 

28. Mortality was lowest and hatchability was highest in embryos kept as different 

controls.  A variable degree of mortality and hatchability was observed in embryos 

administered same dose of nontoxigenic fungal extracts produced by different isolates. 

However isolates No. 9, 15 and 38 showed mortality ranging from 40-50 %. In remaining 

all the groups mortality was lowest ranging from 16.7 to 33.33%. 

A comparison of mortality between groups receiving 100 µl/egg and 500 µl/egg 

nontoxigenic fungal extract has been presented in Figure 28.
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Table 27 Mortality and hatchability of 4 days-old chick embryos administered 

extracts of nontoxigenic fungi (100 µl/egg) isolated from different poultry feeds or 

feed ingredients 

 

Sample 

ID  

 

Mortality Number (%) 
Hatchability  

No. (%) 48 hrs. 

PI.  

168 hrs. 

PI.  

288 hrs. 

PI.  

504 hrs. 

PI. 

Cumulative  

  

Control 0  (00.0) 0  (00.0) 0  (00.0) 0  (00.0) 0  (00.0) 12 (100.0) 

Drill  

(Shamed 

Control) 

0  (00.0) 0  (00.0) 0  (00.0) 2  (16.67) 2  (16.7) 10 (83.3) 

Vehicle 

control 
0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

4 0  (00.0) 0  (00.0) 0  (00.0) 3  (25.0) 3  (25.0) 9  (75.0) 

8 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

9 2  (16.7) 0  (00.0) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

15 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 4  (33.3) 8  (66.7) 

30 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

38 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

53 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

79 2  (16.7) 0  (00.0) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

115 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

118 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

123 2  (16.7) 0  (00.0) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

147 2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10 (83.3) 

171 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

193 0  (00.0) 0  (00.0) 0  (00.0) 3  (25.0) 3  (25.0) 9  (75.0) 

208 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10 (83.3) 

209 2  (16.7) 0  (00.0) 0  (00.0) 1  (8.3) 3  (25.0) 9  (75.0) 

235 0  (00.00) 0  (00.0) 0  (00.0) 0  (00.00) 0  (00.00) 12  (100.00) 

271 2  (16.67) 0  (00.0) 0  (00.0) 0  (00.00) 2  (16.67) 10 (83.33) 
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Table 28  Mortality and hatchability of 4 days-old chick embryos administered 

extracts of nontoxigenic fungi (500 µl/egg) isolated from different poultry 

feeds or feed ingredients 

Sample ID 

 

Mortality Number (%) 
Hatchability 

No. (%) 48 hrs. 

PI.  

168 hrs. 

PI.  

288 hrs. 

PI.  

504 hrs. 

PI. 

Cumulative 

   

Control 0  (00.0) 0  (00.0) 0  (00.0) 0  (00.0) 0  (00.0) 12  (100.0) 

Drill  

(Shamed 

Control) 

0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10  (83.3) 

Vehicle 

control 
0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 2  (16.7) 10  (83.3) 

4 2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

8 4  (33.3) 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

9 4  (33.3) 2  (16.7) 0  (00.0) 0  (00.0) 6  (50.0) 6  (50.0) 

15 2  (16.7) 2  (16.7) 0  (00.0) 1  (8.3) 5  (41.7) 7  (58.3) 

30 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

38 2  (16.7) 0  (00.0) 2  (16.7) 2  (16.7) 6  (50.0) 6  (50.0) 

53 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

79 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 4  (33.3) 8  (66.7) 

115 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

118 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

123 2  (16.7) 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

147 4  (33.3) 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

171 2  (16.7) 0  (00.0) 0  (00.0) 2  (16.7) 4  (33.3) 8  (66.7) 

193 2  (16.7) 2  (16.7) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

208 4  (33.3) 0  (00.0) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

209 2  (16.7) 2  (16.7) 0  (00.0) 0  (00.0) 4  (33.3) 8  (66.7) 

235 0  (00.0) 0  (00.0) 0  (00.0) 0  (00.0) 2  (16.7) 10  (83.3) 

271 2  (16.7) 0  (00.0) 2  (16.7) 0  (00.0) 4  (33.3) 8  (66.7) 
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Fig. 28 Comparison of mortality between two dose levels of nontoxigenic extracts (0.1 ml /egg and 0.5 ml/egg)
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Body weights and relative organ weights (percent of body weight) of 

chicks hatched from embryos inoculated with aflatoxigenic fungal 

extracts  

 

The body weights and relative organ weights of chicks hatched from the embryos 

administered 10 ng/egg AF produced by 12 different isolates of Aspergilli have been 

presented in Table 29. Sham and vehicle controls did not differ from the control group in 

terms of body weight and relative weights of different organs.  All the treatment groups 

had significantly lower body weights as compared with control. All the treatment groups 

had significantly higher relative weight of liver than control. Relative weight of heart in 

groups 59, 171, 181, 219, 225, 281, 283, 292, 381 and 400 was significantly higher than 

that of control group. Relative weight of kidneys of all treatment groups was significantly 

higher than that of control chicks. Groups including AF10, 28, 171, 219, 225, 283 and 

292 had significantly lower relative weight of bursa while all other groups had 

nonsignificantly different bursa weight compared with controls.  

The body weight and relative organ weights of chicks hatched from the embryos 

administered 100 ng/egg AF from 12 different isolates of Aspergilli have been presented 

in Table 30. Sham and vehicle controls did not differ from the control group in terms of 

body weight and relative weights of different organs. All the groups had significantly 

lower body weights as compared with control. All the treatment groups had significantly 

higher relative weight of liver than control. All the groups had significantly higher 

relative heart weight from control. Relative weight of kidneys of all the treatment groups 

was significantly higher from control group. Bursal relative weight of groups 59, 171, 

219, 225, 281 and 381 were significantly lower from control, while remaining treatment 

groups were nonsignifiantly different from control.   
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Table  29 Body weight and relative organ weights of day-old chicks hatched from 

embryos administered aflatoxin (10 ng /egg) in chorioallantoic 

membrane (Mean ± SD) 

Group  
Bodyweight  

(g) 

  Relative organ weights ( % of body weight) 

Liver Heart Kidney Bursa 

Control 40.91 ± 1.50 2.86 ± 0.051 0.68 ± 0.025 0.95 ± 0.029 0.32 ± 0.015 

Drill 

(Shamed 

Control) 

40.43 ± 1.78 2.87 ± 0.058 0.70 ± 0.020 0.97 ± 0.024 0.32 ± 0.010 

Vehicle 

control 
40.88 ± 1.55 2.87 ± 0.064 0.71 ± 0.021 0.96 ± 0.021 0.31 ± 0.013 

STD 

(AF10 

ng/egg) 

38.00 ± 0.70* 3.20 ± 0.044* 0.72 ± 0.012* 1.05 ± 0.015* 0.30 ± 0.013* 

28 37.62 ± 0.95* 3.18 ± 0.063* 0.70 ± 0.020 1.05 ± 0.016* 0.30 ± 0.013* 

59 38.02 ± 0.33* 3.06 ± 0.023* 0.72 ± 0.025* 1.04 ± 0.027* 0.33 ± 0.015 

171 37.85 ± 0.95* 3.17 ± 0.035* 0.71 ± 0.017* 1.02 ± 0.021* 0.30 ± 0.017* 

181 37.39 ± 0.97* 3.19 ± 0.045* 0.72 ± 0.018* 1.01 ± 0.031* 0.31 ± 0.014 

190 37.71 ± 0.79* 3.17 ± 0.046* 0.71 ± 0.019 1.04 ± 0.021* 0.31 ± 0.018 

219 37.98 ± 0.51* 3.14 ± 0.028* 0.72 ± 0.020* 1.03 ± 0.017* 0.29 ± 0.018* 

225 38.02 ± 0.83* 3.16 ± 0.049* 0.72 ± 0.014* 1.01 ± 0.025* 0.30 ± 0.016* 

281 37.64 ± 0.51* 3.09 ± 0.040* 0.73 ± 0.022* 1.01 ± 0.024* 0.33 ± 0.015 

283 38.05 ± 0.96* 3.17 ± 0.044* 0.70 ± 0.030* 1.05 ± 0.028* 0.30 ± 0.010* 

292 38.07 ± 0.92* 3.15 ± 0.055* 0.72 ± 0.022* 1.04 ± 0.037* 0.30 ± 0.017* 

381 38.00 ± 0.92* 3.06 ± 0.057* 0.73 ± 0.024* 1.03 ± 0.025* 0.34 ± 0.020 

400 37.91 ± 0.66* 3.16 ± 0.036* 0.72 ± 0.022* 1.05 ± 0.036 0.31 ± 0.022 

*Significantly different from control in each column (p≤ 0.05) 
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Table 30 Body weight and relative organ weights of day-old chicks hatched from 

embryos administered aflatoxin (100 ng/egg) in chorioallantoic 

membrane (Mean ±SD) 

 

Group  

Bodyweight 

(g) 
  Relative organ weights ( % of body weight) 

 Liver Heart Kidney Bursa 

Control 40.91 ± 1.50 2.86 ± 0.051 0.69 ± 0.025 0.95 ± 0.029 0.32 ± 0.015 

Nail 

(Shamed 

Control) 

40.43 ± 1.78 2.87 ± 0.058 0.70 ± 0.020 0.97 ± 0.024 0.32 ± 0.010 

ETH-30 40.88 ± 1.55 2.87 ± 0.064 0.71 ± 0.021 0.97 ± 0.021 0.31 ± 0.013 

AF100 

(STD) 
37.85 ± 1.34* 3.25 ± 0.078* 0.83 ± 0.048* 1.10  ± 0.002* 0.25 ± 0.009* 

59 36.8 ± 0.56* 3.29 ± 0.037* 0.74 ± 0.011* 1.08 ± 0.017* 0.29 ± 0.030* 

171 37.05 ±0.21* 3.30 ± 0.082* 0.75 ±0.033* 1.05  ± 0.037* 0.27 ± 0.040* 

181 37.18 ± 1.41* 3.26 ± 0.032* 0.73 ± 0.036* 1.095 ± 0.007* 0.32 ± 0.012 

219 37.73 ± 0.9* 3.31 ± 0.032* 0.79 ± 0.022* 1.094 ± 0.015* 0.26 ± 0.014* 

225 36.56 ± 0.78* 3.20 ± 0.032* 0.74 ± 0.032* 1.035 ± 0.023* 0.28 ± 0.022* 

281 38.3 ± 0.57 * 3.24 ± 0.048* 0.73 ± 0.015* 1.081 ± 0.019* 0.29 ± 0.031* 

292 37.94 ± 1.42* 3.24 ± 0.048* 0.72 ± 0.024* 1.039 ± 0.042* 0.33 ± 0.016 

381 37.56 ± 0.59* 3.24 ± 0.034* 0.74 ± 0.021* 1.070 ± 0.019* 0.28 ± 0.022* 

400 37.52 ± 0.58* 3.23 ± 0.035* 0.73 ± 0.022* 1.008 ± 0.019* 0.33 ± 0.023 

 

*Significantly different from control in each column (p≤ 0.05) 
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Body weights and Relative organ weights (percent of body weight) of 

chicks hatched from embryos inoculated with ochratoxigenic fungal 

extracts 

The body weight and relative organ weights of chicks hatched from the embryos 

administered 100 ng/egg OTA have been presented in Table 31. Sham and vehicle 

controls did not differ from the control groups in terms relative weights of different 

organs. All the groups had significantly lower bodyweights than that of control group. 

Relative weight of liver of positive control (OTA-100), 2, 42, 66, 132, 133, 180 and 184 

was significantly higher than that of control. Relative weight of heart of groups 2, 42, 

133, 180 184 and OTA-100 was significantly higher than control. Relative weight of 

kidneys in groups OTA-100, 2, 42, 66, 132, 133, 180 and 184 was significantly higher 

while all remaining groups were nonsignificantly different from control. Relative of bursa 

in all the treatment groups was nonsignificantly different from control except group 184 

having significantly lower bursa weight compared with control.  

The body weight and relative organ weights of chicks hatched from the embryos 

administered 1000 ng/egg OTA have been presented in Table 32. Sham and vehicle 

controls did not differ from the control group in terms of  body weight and relative 

weights of different organs. Relative weight of liver, kidneys and heart of all treatment 

groups including positive control (OTA-1000) was significantly higher than that of 

control. Relative weight of bursa in positive control (OTA-1000), 42, 66, 180 and 184 

was significantly lower while all remaining groups were nonsignificantly different from 

control.  

 



 

 

122 

 

Table 31 Body weight and relative organ weights of day-old chicks hatched 

from embryos administered OTA (100 ng/egg) in chorioallantoic 

membrane (Mean ± SD) 

Group  

Bodyweight 

(g) 
  Relative organ weights ( % of body weight) 

 Liver Heart Kidney Bursa 

Control 39.6 ± 1.33 2.96 ± 0.022 0.69 ±0.015 0.97 ±0.027 0.33 ± 0.024 

Drill 

(Shamed 

Control) 

39.0 ± 0.84 2.95 ± 0.024 0.68 ± 0.017 0.95 ± 0.041 0.33 ± 0.017 

Vehicle 

(ETH 30%) 

Control 

38.8 ± 1.12 2.98 ± 0.068 0.69 ± 0.012 0.97± 0.016 0.32 ± 0.016 

Vehicle 

(NaHCO3) 

control 

39.5 ± 1.16 2.99 ± 0.031 0.69 ± 0.016 0.98 ± 0.020 0.32 ± 0.016 

STD (100 

ng/egg) 
37.2 ± 1.10* 3.08 ± 0.028* 0.71 ± 0.021* 1.09 ± 0.025* 0.33 ± 0.015 

2 37.7 ± 0.80* 3.14 ± 0.069* 0.71 ± 0.014* 1.09 ± 0.021* 0.31 ± 0.019 

42 

 
37.6 ± 0.95* 3.11 ± 0.020* 0.71 ± 0.017* 1.10 ± 0.022* 0.32 ± 0.017 

66 37.6 ± 0.91* 3.07 ± 0.028* 0.70 ± 0.016 1.11 ± 0.023* 0.31 ± 0.020 

132 37.5 ± 0.80* 3.11 ± 0.044* 0.70 ±0.021 1.12 ± 0.021* 0.32 ± 0.16 

133 36.0 ± 0.80* 3.21 ± 0.046* 0.73 ± 0.020* 1.09 ± 0.020* 0.31 ± 0.017 

180 36.3  ± 0.80* 3.19 ± 0.043* 0.72 ± 0.022* 1.09 ± 0.018* 0.32 ± 0.016 

184 36.4  ± 0.50* 3.19 ± 0.022* 0.72 ± 0.023* 1.09 ± 0.014* 0.30 ± 0.020* 

 

*Significantly different from control in each column (p≤ 0.05) 
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Table 32 Body weight and relative organ weights of day-old chicks hatched from 

embryos administered OTA (1000 ng/egg) in chorioallantoic membrane 

(Mean ± SD) 

Group  
Bodyweight 

(g) 

  Relative organ weights ( % of body weight) 

Liver Heart Kidney 
Bursa of 

Fabricius 

Control 39.60 ± 1.33 2.96 ± 0.022 0.69 ±0.015 0.97 ±0.027 0.33 ± 0.024 

Drill (Shamed 

Control) 
38.83 ± 0.87 2.97 ± 0.035 0.70 ± 0.021 0.98 ± 0.024 0.32 ± 0.016 

Vehicle (ETH 

30%) control  
38.79 ± 1.12 2.98 ± 0.068 0.69 ± 0.012 0.97± 0.016 0.32 ± 0.016 

Vehicle 

(NaHCO3) 

control 

39.52 ± 1.16 2.97 ± 0.041 0.69 ± 0.016 0.98 ± 0.020 0.32 ± 0.016 

STD 

(OTA1000 

ng/egg) 

36.17 ± 0.83* 3.26 ± 0.064* 0.73 ± 0.015* 1.18 ± 0.011* 0.29 ±0.028*  

2 36.05 ± 1.11* 3.26 ± 0.072* 0.74 ± 0.028* 1.14 ± 0.022* 0.31 ± 0.009 

42 

 
36.17 ± 0.93* 3.25 ± 0.059* 0.74 ± 0.008* 1.15 ± 0.028* 0.30 ± 0.26* 

66 36.10 ± 1.21* 3.28 ± 0.073* 0.73 ± 0.013* 1.16 ± 0.017* 0.28 ± 0.033*  

132 35.32 ± 0.76* 3.30 ± 0.045* 0.75 ± 0.028* 1.15 ± 0.021* 0.31 ± 0.020 

133 34.95 ± 0.92* 3.35 ± 0.048* 0.74 ± 0.020* 1.13 ± 0.009* 0.30 ±0.012 

180 35.06 ± 0.96* 3.33 ± 0.055* 0.74 ± 0.023* 1.10 ± 0.020* 0.28 ± 0.021* 

184 35.27 ± 0.90* 3.33 ± 0.060* 0.75 ± 0.023* 1.13 ± 0.029* 0.29 ± 0.014* 

 

*Significantly different from control in each column (p≤ 0.05) 
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Body weights relative organ weights (percent of body weight) of chicks 

hatched from embryos inoculated with non-toxigenic fungal extracts 

The relative organ weights of chicks hatched from the embryos administered extracts of 

nontoxigenic fungi (100 µl/egg) have been presented in Table 33. Sham and vehicle 

controls did not differ from the control groups in terms of relative weights of different 

organs. Body weight of all the groups was nonsignificantly different from control except 

15, 79, 115, 171 and 271 which had significantly lower body weight that control. Relative 

weight of liver of groups 4, 38, 53 and 208 was nonsignificantly different while all other 

groups had significantly higher relative weight of liver than control.  Heart weight of all 

the groups was nonsignificantly different except groups 9 and 271 having significantly 

higher weight than control. Kidneys relative weight of groups 79, 115, 118, 147, 171, 

208, 209 and 271 was significantly higher from control, while remaining all the groups 

were nonsignificantly different from control. Relative bursa weight of 9, 15, 123, 171 and 

193 was significantly lower while all the remaining groups were nonsignificantly 

different from control.  

The relative organ weights of chicks hatched from the embryos administered extract of 

nontoxigenic fungi (500 µl/egg) have been presented in Table 34. Sham and vehicle 

controls did not differ from the control groups in terms of relative weights of different 

organs. All the treatment groups had significantly lower body weight than that of control. 

Relative weight of liver of all the groups was significantly higher than control.  Groups, 

38, 171, 209 and 271 had significantly higher relative weight of heart, while all the 

remaining groups had nonsignificantly different heart weight from control. Relative 

weight of kidneys in all the groups was significantly higher from control. Relative weight 

of bursa of group 4, 8, 9, 53, 118, 123, 171 and 193 was significantly lower while all the 

remaining groups had nonsignificantly different bursa weight from control.  
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Table 33 Body weight and relative organ weights of day-old chicks hatched 

from embryos inoculated with extract of nontoxigenic fungi (100 

µl/egg) in chorioallantoic membrane (Mean ± SD) 

*Significantly different from control in each column (p≤ 0.05) 

 

 

 

Group ID 
Bodyweight 

(g) 

  Relative organ weights ( % of body weight) 

Liver  Heart Kidney Bursa 

Control 39.48 ± 0.75 2.987 ± 0.032 0.691 ± 0.019 0.983 ± 0.018 0.327 ± 0.018 

Drill (Shamed 

Control) 
39.36 ± 1.12 2.989 ± 0.040 0.704 ± 0.018 0.986 ± 0.025 0.312 ± 0.013 

Vehicle (ETH-
30%) control 

39.57 ± 0.78 2.995 ± 0.034 0.697 ± 0.011  0.980 ± 0.030 0.313 ± 0.011 

4 39.52 ± 0.94 2.999 ± 0.042 0.699 ± 0.011 0.992 ± 0.022 0.321± 0.014 

8 39.33 ± 0.92 3.032 ± 0.051* 0.698 ± 0.027 0.992 ± 0.034 0.325 ± 0.016 

9 39.63 ± 1.01 3.037 ± 0.048* 0.712 ± 0.009* 0.984 ± 0.034 0.308 ± 0.013* 

15 
 

38.75 ± 0.63* 3.062 ± 0.041* 0.707 ± 0.038 1.006 ± 0.030 0.303 ± 0.020* 

38 39.07 ± 0.64 3.006 ± 0.026 0.069 ± 0.014 0.993 ± 0.028 0.313 ± 0.013 

53 39.58 ± 0.42 2.974 ± 0.033 0.697 ± 0.014 1.003 ± 0.026 0.313 ± 0.012 

79 37.48 ± 1.24* 3.139 ± 0.082* 0.706 ± 0.025 1.055 ± 0.019* 0.314 ± 0.010 

115 37.53 ± 0.53* 3.138 ± 0.034* 0.704 ± 0.017 1.018 ± 0.036* 0.316 ± 0.010 

118 38.92 ± 0.60 3.038 ± 0.034* 0.685 ± 0.026 1.014 ± 0.039* 0.317 ± 0.021 

123 38.85 ± 0.68 3.035 ± 0.049* 0.684 ± 0.029 1.001 ± 0.041 0.303 ± 0.022* 

147 39.22 ± 1.13 3.032 ± 0.037* 0.703 ± 0.028 1.020 ± 0.020* 0.320 ± 0.014 

171 37.77 ± 0.89* 3.125 ± 0.046* 0.695 ± 0.015 1.013 ± 0.025* 0.307 ± 0.018* 

193 38.56 ± 0.95 3.072 ± 0.046* 0.680 ± 0.030 0.997 ± 0.036 0.288 ± 0.023* 

208 39.09 ± 0.74 3.017 ± 0.059 0.711 ± 0.030 1.029 ± 0.029* 0.320 ± 0.023 

209 38.90 ± 0.63 3.068 ± 0.024* 0.706 ± 0.029 1.025 ± 0.023* 0.328 ± 0.018 

271 38.15 ± 0.47* 3.116 ± 0.048* 0.741 ± 0.031* 1.062 ± 0.029* 0.334 0.013 
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Table 34. Body weight and relative organ weights of day-old chicks hatched from 

embryos inoculated with extract of nontoxigenic fungi (500µl/egg) in chorioallantoic 

membrane (Mean ± SD) 

*Significantly different from control in each column (p≤ 0.05) 

 

Groups ID 
Body wt (g) 

 

Relative organ weights (% of body weight) 

Liver Heart Kidney Bursa 

Control 39.48 ± 0.75 2.987 ± 0.032 0.691 ± 0.019 0.983 ± 0.018 0.327 ± 0.018 

Drill 

(Shamed 

Control) 

39.36 ± 1.12 2.989 ± 0.040 0.704 ± 0.018 0.986 ± 0.025 0.312 ± 0.013 

Vehicle 

(ETH 30%) 

control 

39.57 ± 0.78 2.995 ± 0.040 0.697 ± 0.011  0.980 ± 0.030 0.313 ± 0.011 

4 38.61 ± 0.80* 3.098 ± 0.024* 0.696 ± 0.032 1.065 ± 0.025* 0.301 ± 0.015* 

8 38.15 ± 1.07* 3.104 ± 0.045* 0.698 ± 0.016 1.085 ± 0.013* 0.308 ± 0.014* 

9 37.98 ± 0.75* 3.107 ± 0.017* 0.698 ± 0.014 1.084 ± 0.020* 0.303 ± 0.011* 

15 37.71 ± 1.21* 3.134 ± 0.052* 0.701 ± 0.015 1.068 ± 0.017* 0.311 ± 0.014 

38 38.11 ± 1.09* 3.120 ± 0.033* 0.712±0.011* 1.059 ± 0.018* o.315 ± 0.021 

53 37.64  ± 0.78* 3.142 ± 0.020* 0.697 ± 0.016 1.063 ± 0.022* 0.299 ± 0.021* 

79 36.39 ± 1.05* 3.214 ± 0.072* 0.697 ± 0.024 1.072 ± 0.031* 0.313 ± 0.011 

115 37.32 ± 1.15* 3.144 ± 0.090* 0.703 ± 0.022 1.061 ± 0.024* 0.312 ± 0.011 

118 37.9 0± 0.53* 3.124 ±0.031* 0.703 ± 0.025 1.069 ± 0.024* 0.307 ± 0.012* 

123 37.5 0± 0.82* 3.142 ± 0.048* 0.700 ± 0.011 1.074 ± 0.034* 0.307 ± 0.015* 

147 36.90 ± 1.16* 3.171 ± 0.066* 0.704 ± 0.018 1.060 ± 0.017* 0.298 ± 0.013 

171 37.7 0± 1.61* 3.142 ± 0.089* 0.710±0.015* 1.064 ± 0.032* 0.299 ± 0.027* 

193 37.7 0± 0.85* 3.140 ± 0.041* 0.687 ± 0.015 1.065 ± 0.025* 0.305 ± 0.021* 

208 38.01 ± 0.63* 3.088 ± 0.040* 0.704 ± 0.020  1.075 ± 0.031* 0.319 ± 0.018 

209 37.56 ± 0.63* 3.130 ± 0.043* 0.711±0.022* 1.067 ± 0.022* 0.319 ± 0.018 

271 38.50 ± 0.71* 3.121 ± 0.040* 0.714±0.017* 1.053 ± 0.023* 0.313 ± 0.020 
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Gross and microscopic pathology 

Control groups (Control, shamed control and vehicle control) 

Gross lesions 

No gross changes were observed in the liver, kidneys, heart, bursa of Fabricius and 

spleen of different control groups. 

Microscopic changes 

Liver of the birds of control groups did not any deviation from normal histological 

patterns. Hepatocytes showed a hazy cytoplasm with some vacuolation and had centrally 

placed nuclei. There was a normal intact patterns hepatic cord around central veins, 

sinusoidal spaces and hepatic triads. Discrete lymphoid aggregates were found in the 

parenchyma at few places. There was no evidence of cellular infiltration. 

Kidney showed a mild degree of congestion. Bowman’s spaces in the glomeruli were 

clear. Epithelial cells of tubules were intact and had nuclei with fine mesh of chromatin.  

 

Chicks from embryos administered extracts of aflatoxigenic isolates 

Gross lesions 

Liver of chicks of all groups were grossly enlarged to a variable degree compared with 

control. In some cases few hemorrhages were also present on the surface.  

Kidneys were swollen bulging out from bony sockets. Blood vessels on the surface were 

congested. Some of the birds had prominent urate deposits in the kidneys. 

Epicardial surface of heart showed hemorrhages. 

Intestinal mucosa was congested and thick with excessive exudates. In some birds pin 

point hemorrhages were present on the intestinal mucosa.   

Bursa of Fabricius and spleen did not show any gross changes 



 

 

128 

 

Microscopic changes 

Liver 

Cytoplasm of hepatocytes contained round vacuoles (Fig. 29) varying from one to 

multiple in number in each cell pushing the nuclei to one side. Upon staining with Sudan 

black B, these appeared as blue black fat vacuoles (Fig.30).  Sinusoidal spaces were not 

prominent due to cell swelling. Cellular infiltration was generally present around the 

blood vessels. Individual hepatocytes necrosis of variable degree was observed in the 

parenchyma in all chicks of different groups (Fig. 31). Congestion of blood vessels was 

present in all the chicks. Necrotic foci in the parenchyma were also observed in many 

chicks.  

Kidney 

A prominent change in chicks from all the groups was the presence of pyknotic nuclei in 

the epithelial cells of proximal convoluted tubules suggesting tubular necrosis. Moderate 

to severe degree of congestion of blood vessels was present in the parenchyma (Fig. 32). 

Glomeruli showed dialted urinary spaces and in some cases thickened bowman capsules 

were also observed. 

 

Histopathological scoring of liver and kidneys  

Histopathological scoring of liver and kidney tissues in groups administered AF-10 (10 

ng/egg AF) and AF-100 (100 ng/egg AF) has been presented in Table 35. In liver fatty 

change and individual cell necrosis were significantly higher in AF-100 compared with 

AF-10 group. Remaining microscopic changes including congestion, dilated sinusoidal 

spaces, and cell swelling and cellular infiltrations were nonsignificantly different between 

both the groups.  

In kidneys tubular necrosis was significantly higher in AF-100 as compared with AF-10 

groups. There was no significant difference in glomerulopathy and cellular infiltration 

between both the groups.  
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Bursa of fabricius 

Microscopic changes and histopathological scoring 

The inter-follicular tissue was thickened follicles of bursa were smaller in size (Fig. 33). 

In medulla of follicles, an increased number of apoptotic bodies (Fig. 34) were present. 

Histopathological scoring of bursa of Fabricius of chicks of AF-10 and AF-100 groups 

has been presented in Table 36. Apoptotic bodies count, interfollicular connective tissue 

thickness, follicular diameter, cortex diameter and medulla diameter were significantly 

higher in AF-100 and AF-10 groups compared with control. AF-100 also had 

significantly higher values of these parameters than those observed in AF-10. Surface 

epithelial height was significantly higher in AF-100 group as compared with AF-10 and 

control, however, the difference between AF-10 and control groups was  non significant. 
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Fig. 29 Photomicrograph of liver of chicks hatched from embryos 

treated/inoculated with aflatoxigenic fungal extracts showing vacuoles in 

the cytoplasm of hepatocytes. (H & E stain: 200X) 
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Fig.30 Sudan Black staining of liver tissue of chicks (Aflatoxin administered 

group) for the confirmation of fatty change, dark blue color vacuoles are 

visible in microphotograph  
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Fig. 31 Photomicrograph of liver of chicks hatched from embryos 

treated/inoculated with aflatoxigenic fungal extracts showing pyknotic 

nuclei (arrow heads) in hepatocytes of liver. (H & E: 400X) 
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Fig. 32 Photomicrograph of kidneys of chicks hatched from embryos 

treated/inoculated with aflatoxigenic fungal extracts showing pyknotic 

nuclei in tubular epithelial cells  and congested blood vessels  (arrow heads)  

in kidneys.  (H & E : 200X) 
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Fig. 33 Photomicrograph of Bursa of Fabricius of chicks hatched from embryos 

treated/inoculated with aflatoxigenic fungal extracts showing  increased 

inter-follicular connective tissue (arrow heads) (H & E : 200X) 
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Fig. 34 Photomicrograph of Bursa of Fabricius of chicks hatched from embryos 

treated/inoculated with aflatoxigenic fungal extracts showing apoptotic 

bodies in follicles of  Bursa of Fabricius (arrrow heads)  (H & E : 200X) 
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Table 35 Histopathological scoring of liver and kidneys of chicks hatched from 

eggs injected with extracts of different aflatoxigenic fungi (mean ±SD) 

 

Organs 
Conditions  

Score  

range 

Score of  

Control 

AF-10  

(10 ng/egg) 

AF-100  

(100 ng/egg) 

Liver  Fatty change 0-3 0 1.833 ± 0.718 2.727 ± 0.467* 

Congestion 0-3 0 0.25 0± 0.452 0.273 ± 0.467 

Dilated 

sinusoidal 

spaces 

0-3 0 0.167 ± 0.389 0.454 ± 0.820 

Cell swelling 0-3 0 0.333 ± 0.492 0.909 ± 1.044 

Cellular 

infiltration 

0-3 0 0.083 ± 0.289 0.272 ± 0.467 

Individual cell 

necrosis 

0-3 0 0.750 ± 0.622 1.636 ± 0.504* 

Kidney Congestion 0-3 0 1.000 ± 0.426 1.727 ± 0.410* 

Tubular necrosis 0-3 0 1.083 ± 0.469 1.818 ± 0.404* 

Glomerulopathy 0-3 0 0.667 ± 0.492 1.182 ± 0.845 

Cellular 

infiltration 

0-3 0 0.167 ± 0.389 0.182 ± 0.404 

* Significant difference in a row, AF-10 vs AF100 (P≤0.05) 
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Table 36  Histopathological scoring of bursa of Fabricius of chicks hatched from eggs    

administered extracts of different aflatoxigenic fungi (mean ±SD). 

  *Significantly different from control (P ≤ 0.05) 
   ¥Significantly different from AF10 (P ≤ 0.05) 

 

 

Conditions 
Control 

(0 ng/egg AF) 

AF-10 

(10 ng/egg AF) 

AF-100  

(100 ng/egg AF) 

Apoptotic bodies in 

medulla of follicles / 

0.1 mm2 

0.492 ± 0.120 1.395 ± 0.194* 2.196 ± 0.262*¥ 

Inter-follicular 

Connective tissue 

thickness (µm) 

15.00 ± 1.889 20.972 ± 2.449*  35.367 ± 4.644* ¥ 

Follicular diameter 

(µm) 

124.0 ± 5.071 112. 667 ± 5.122* 95.133 ± 4.209*¥ 

Cortex diameter  (µm) 23.50 ± 2.070 19.572 ± 2.593* 16.967 ± 2.026*¥ 

Medulla diameter (µm) 100.50 ± 4.351 92.972 ± 4.573* 78. 167 ± 3.906*¥ 

Surface Epithelium 

height (µm) 

31.667 ± 3.740 31.361 ± 3.418 37.743 8.035*¥ 
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Chicks from embryos administered extracts ochratoxigenic isolates 

Gross lesions 

Liver 

Liver of chicks administered ochratoxins was swollen as compared with control. 

Hemorrhages were present on liver. Liver size and weight was increased (Fig. 35). 

Kidneys  

Kidneys were congested and swollen as compared with control group chicks. 

Bursa of Fabricius and spleen 

No gross changes observed in bursa of Fabricius and spleen 

 

Microscopic alterations 

Liver  

Vacuoles were present in cytoplasm of hepatocytes varying from one to multiple in 

number in each cell. These vacuoles upon staining with Sudan black B dye appeared blue 

black confirming fatty change . Cellular infiltration was present around the blood vessels. 

Individual cell necrosis was present in hepatocytes as evidenced by dark, shrunken nuclei 

of hepatocytes (Fig. 36). In some chicks sinusoidal spaces were narrowed due to cellular 

swelling. Cellular infiltration was observed around the blood vessels. Histopathological 

scoring of different lesions in liver has been presented in Table 37. 

Kidneys 

Necrotic nuclei in tubular epithelial cells of kidneys were consistently present throughout 

the parenchyma of kidneys in all chicks. Necrosis was characterized by pyknosis, 

karyorhexis and karyolysis of nuclei of tubular epithelial cells. Congestion was present at 

many places in the parenchyma (Fig. 38). Proliferation of epithelial cells in glomeruli 

with hyalinization and occupying the urinary space was also observed in some areas (Fig. 

37). In some chicks Bowman’s capsule was thick due t proliferation of connective tissue 

around it. Histopathological scoring of different lesions in kidneys has been presented in 

Table 37. 
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Histopathological scoring of liver and kidney tissues in chicks of OTA-100 and OTA-

1000 groups has been presented in Table 37. Only individual cell necrosis was 

significantly higher in OTA-1000 as compared with OTA-100. There was no significant 

difference between OTA-100 and OTA-1000 in remaining microscopic alterations 

including fatty change, congestion, dilated sinusoidal spaces, cell swelling and cellular 

infiltrations.  

In kidneys congestion was significantly higher in OTA-1000 than that in OTA-100 

group. Tubular necrosis and glomerulopathy were also significantly higher in OTA-1000 

as compared with OTA-100 group. There was no significant difference in cellular 

infiltration between both the groups.  

 

Bursa of fabricius 

There was an increased thickness of inter-follicular connective tissue (Fig. 39). Apoptotic 

bodies (Fig. 40) increased in the medulla of follicles compared with control chicks. The 

follicles appeared smaller in size compared with control.   

Histopathological scoring of bursa of Fabricius tissue in chicks of OTA-100 and OTA-

1000 groups has been presented in Table 38. All parameters including apoptotic bodies 

count, inter-follicular connective tissue thickness, follicular diameter, cortex diameter, 

medulla diameter and surface epithelium height were significantly higher in OTA-100 

and OTA-1000 groups compared with control. OTA-1000 also had significantly higher 

values of these parameters than those in OTA-100. 
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Fig. 35 Hemorrhages in the liver of chicks hatched from embryos inoculated with 

extract of an ochratoxigenic fungus (on left) and no hemorrhages in control 

group  
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Fig. 36 Photomicrograph of liver of chicks hatched from embryos 

treated/inoculated with ochratoxigenic fungal extracts showing pyknotic 

nuclei (arrow heads) in hepoatocytes of liver. (H & E:  200X) 
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Fig. 37 Photomicrograph of kidneys of chicks hatched from embryos 

treated/inoculated with ochratoxigenic fungal extracts showing 

Karyorrhexis (arrow heads) and hyalinization in glomeruli (arrows). (H & 

E : 400X) 
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Fig. 38 Photomicrograph of kidneys of chicks hatched from embryos 

treated/inoculated with ochratoxigenic fungal extracts showing 

Karyorrhexis (arrow heads) and congested blood vessels (arrows) (H & E : 

400X) 
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Fig. 39 Photomicrograph of Bursa of Fabricius of chicks hatched from embryos 

treated/inoculated with ochretoxigenic fungal extracts showing  increased 

inter-follicular connective tissue (arrow heads) (H & E : 200X) 
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Fig. 40 Photomicrograph of Bursa of Fabricius of chicks hatched from embryos 

treated/inoculated with ochratoxigenic fungal extracts showing apoptotic 

bodies in follicles of  Bursa of Fabricius (arrrow heads)  (H & E : 200X) 
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Table 37 Histopathological scoring of chicks hatched from eggs injected with extracts 

of different ochratoxigenic fungi (mean ±SD). 

 

Organ/Tissue 
Conditions  

OTA- 100 

(100 ng/egg) 

OTA-1000 

(1000 ng/egg) 

Liver Fatty change 1.143 ± 0.690 2.143 ± 1.069 

Congestion 0.286 ± 0.488 0.714 ± 0.488 

Dilated sinusoidal 

spaces 

0.107 ± 0.197 0.143 ± 0.378 

Cell swelling 0.429 ± 0.534 0.714 ± 0.756 

Cellular infiltration 0.286 ± 0.488 0.286 ± 0.756 

Individual cell necrosis 0.714 ± 0.488 1.571 ± 0.534* 

Kidney Congestion 1.257 ± 0.443 1.957 ± 0.113* 

Tubular necrosis 1.857 ± 0.244 2.714 ± 0.567* 

Glomerulopathy 1.000 ± 0.289 1.857 ± 0.244* 

Cellular infiltration 0.357 ± 0.476 0.571 ± 0.534 

 

* Significant difference in a row, OTA-100 vs OTA1000 (P≤0.05) 
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Table 38 Histopathological scoring of bursa of Fabricius of chicks hatched from eggs 

administered extracts of different ochratoxigenic fungi (Mean ± SD). 

Conditions 
Control 

(0 ng/egg) 

OTA- 100 

(100 ng/egg) 

OTA-1000 

(1000 ng/egg) 

Apoptotic bodies in 

medulla (per 0.1 mm2 

0.492 ± 0.120 1.182 ± 0.238* 2.496 ± 0.341*¥ 

Inter-follicular 

Connective tissue 

thickness (µm) 

15.00 ± 1.889 21.250 ± 2.457* 34.375 ± 3.075*¥ 

Follicular diameter 

(µm) 

124.0 ± 5.071 112. 667 ± 6.699* 94.667 ± 3.836*¥ 

Cortex diameter  (µm) 23.50 ± 2.070 20.167 ±  2.249* 16. 167  ± 2.817*¥ 

Medullary diameter 

(µm) 

100.50 ± 4.351 92.50  ± 5.618* 78.50  ± 4.396*¥ 

Surface Epithelium 

height (µm) 

31.667 ± 3.740 33.125  ± 3.109* 43.292  ± 5.378*¥ 

*Significantly different from control (P ≤ 0.05) 
 ¥Significantly different from OTA100 (P ≤ 0.05) 
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Chicks from embryos administered extracts of nontoxigenic of isolates 

Gross lesions 

Grossly no changes were observed in liver, kidneys, bursa of Fabricius and spleen 

 

Microscopic alterations 

Liver  

Some chicks showed presence of vacuoles in cytoplasm of hepatocytes varying from one 

to multiple in number. Some of the vacuoles were round while other irregular in shape 

(Fig. 41). Upon staining with Sudan black B vacuoles appeared as fat vacuoles. A 

narrowing of sinusoidal spaces was present in some chicks suggesting cellular swelling. 

Cellular infiltration was observed at the hepatic triads and around the blood vessels in 

some of the chicks. Individual cell necrosis was present in the many chicks. Fibroblast 

proliferation was also present in the parenchyma (Fig. 41)  

Kidneys 

Pyknotic nuclei in the cells of tubules were observed in some birds otherwise most of the 

chicks did not show tubular necrosis (Fig. 42). Mild congestion at some places was 

observed in the parenchyma.  

Histopathological scoring of liver tissue in chicks of Notox-100 and Nontox-500 groups 

has been presented in Table 39. Fatty change score was significantly higher in Nontox-

500 as compared with Nontox -100 group. There was no significant difference in   

remaining all microscopic changes including congestion, dilated sinusoidal spaces, cell 

swelling and cellular infiltrations and individual cell necrosis between Nontox-500 and 

Nontox-100 group. In kidneys there was no significant difference in congestion between 

Nonntox-500 and Nontox-100 groups. Tubular necrosis and glomerulopathy were 

significantly higher in Nontox-500 as compared with Nontox-100 group. There was no 

significant difference in cellular infiltration between both the groups.  

Bursa of Fabricius 

Histopathological scoring of bursa of Fabricius tissue in chicks of Nontox-100 and 

Nontox-500 groups has been presented in Table 40. Apoptotic bodies count, 
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interfollicular connective tissue thickness, follicular diameter, cortex diameter and 

medulla diameter were significantly higher in Nontox-500 and Nontox-100 groups 

compared with control. Nontox-500 also had significantly higher values of these 

parameters than those in Nontox-100. Surface epithelial height was significantly higher in 

Nontox-500 group as compared with Nontox-100  and control, however, the difference 

between Nontox-100 and control group was  non significant. 
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Fig. 41 Photomicrograph of liver of chicks hatched from embryos 

treated/inoculated with nontoxigenic fungal extracts showing mild degree 

irregular shaped vacuoles (arrow heads) in the cytoplasm and fibroblast 

proliferation in the parenchyma (arrows)  of liver. (H & E:  400X) 
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Fig. 42 Photomicrograph of kidneys of chicks hatched from embryos 

treated/inoculated with nontoxigenic fungal extracts showing pyknotic 

nuclei of epithelial cells of tubules at some places while other tubules are 

normal. (H & E:  400X) 

 

    

 

 



 

 

152 

 

Table  39 Histopathological scoring of chicks hatched from eggs injected with extracts 

of different nontoxigenic fungi (mean ±SD). 

 

Organ/Tissue 
Conditions  

Nontox- 100 

(100 µl/egg) 

Nontox -500 

(500 µl/egg) 

Liver Fatty change 1.222 ± 0.428 1.833 ± 0.383* 

Congestion 0.167 ± 0.383 0.278 ± 0.461 

Dilated sinusoidal 

spaces 

0.278 ± 0.461 0.556 ± 0.784 

Cell swelling 0.333 ± 0.485 0.500 ± 0.514 

Cellular infiltration 0.222 ± 0.392 0.500 ± 0.514 

Individual cell 

necrosis 

0.833 ± 0.383 1.056 ± 0.539 

Kidney Congestion 0.500 ± 0.454 0.750 ± 0.493 

Tubular necrosis 0.833 ± 0.242 1.139 ± 0.509* 

Glomerulopathy 0.306 ± 0.389 0.722 ± 0.392* 

Cellular infiltration 0.111 ± 0.274 0.167 ± 0.383 

* Significant difference in a row,  Nontox-100  vs Nontox-500 (P≤0.05) 
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Table  40 Histopathological scoring of bursa of chicks hatched from eggs administered 

extracts from different nontoxigenic fungi (Mean ±SD). 

 

Conditions Control 
Nontox- 100 

(100 µl/egg) 

Nontox -500 

(500 µl/egg) 

Apoptotic bodies in 

medulla/ 0.1 mm2 

0.492 ± 0.120 1.1 ± 0.10* 1.50 ± 0.20*¥ 

Inter-follicular 

Connective tissue 

thickness (µm) 

15.00 ± 1.889 20.733 ± 2.841* 29.133 ± 2.862*¥ 

Follicular diameter 

(µm) 

124.0 ± 5.071 109.033 ± 4.481* 96.40 ± 3.190*¥ 

Cortex diameter  (µm) 23.50 ± 2.070 20.633 ± 2.729* 16. 233 ± 2.070*¥ 

Medullary diameter 

(µm) 

100.50 ± 4.351 88.40 ± 3.20* 80.167 ± 2.263*¥ 

Surface epithelium 

height (µm) 

31.667 ± 3.740 32. 80 ± 2.725 36.167 ± 2.642*¥ 

*Significantly different from control (P ≤ 0.05) 
 ¥Significantly different from Nontox-100 (P ≤ 0.05)  
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CHAPTER 5 

 

 

DISCUSSION 

 

In present study a total of 440 samples of poultry feeds, cereals, cereal by-products, 

oilseed meals and fish meal were cultured for fungal contamination. Out of total, 270 

(61.36%) samples yielded fungi and a total of 330 fungal isolates were obtained. 

Frequency of samples positive for fungi from poultry feeds, cereals, cereal by-products, 

oilseed meals and fish meals was 73.10, 64.0, 73.0, 52.0 and 33.33 percent, respectively. 

Among cereals, fungal contamination was highest in wheat (67.16%) followed by corn 

(64.51%) and lowest in rice (56.09%). In all the commodities sampled, the most 

frequently isolated genus was Aspergillus followed by Penicillium. A variety of fungi 

including Aspergillus, Penicillium, Fusarium and Alternaria have been isolated from 

different freshly harvested or standing crops (Logrieco et al., 2003). However, 

Aspergillus and Penicillium had always been most frequently isolated genra in 

commodities kept under storage conditions (Christensen et al., 1977). Hydrophilic fungi 

(e.g. Fusarium species) require water activity (aw) higher than 0.9 whereas mesophilic 

and xerophilic fungi (e.g. many species of Aspergillus and Penicillium) may grow at aw 

0.8 to 0.9 and 0.65 to 0.8, respectively (Flannigan and Miller, 2001). The optimal 

growth of Aspergillus occurs over the wide range 19-35 °C (Northolt and van Egmond, 

1981) in comparison to many other field fungi whose growth is slow at or above 30 C. 

Low aw and ability to grow at higher and wide temperatures ranges favors Aspergillus 

and Penicillium species to outgrow the other fungi in stored products particularly in hot 

climate regions like Pakistan.   

In the following text the mycological data of different commodities has been discussed. 
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 Corn 

In corn isolation frequency of different fungal genera was highest for Aspergillus, 

followed by Penicillium, Fusarium and least for Alternaria. At species level P. 

verrucosum was most frequently isolated species followed by A. niger aggregates, A. 

ochraceous, A. flavus, P. chrysogenum, A. parasiticus, A. carbonarius, Fusarium and 

Alternaria spp. Kpodo et al. (2000) in Ghana isolated Aspergilli as predominant species 

followed by Penicillium, Fusarium and other fungi.  Similar results have been reported 

from China (Gao et al., 2007) and Nigeria (Adebajo et al., 1994). Highest isolation 

frequency of Aspergillus species followed by yeasts and Fusarium species has been 

reported from corn silage in Argentina (Gonzalez et al., 2007). In their study 

predominant species were A. flavus followed by A. fumigatus and A. niger aggregates. 

Atehnkeng et al. (2008) reported that the predominant fungal genera in maize was 

Aspergillus followed by Fusarium. Pacin et al. (2002) from Ecuador reported Fusarium 

as predominant genera isolated from corn followed by Penicillium and Aspergillus. 

Sampling strategy might be responsible for these differences because these workers 

collected samples from freshly harvested corn or silage while in our studies samples 

were collected from stored corn. During storage conditions Apergillus and Penicillium 

being storage fungi are most proliferative (Amadi and Adeniyi, 2009).  

Out of 27 isolates of Aspergillus, 51.85% were found toxigenic. Aflatoxigenic isolates 

included A. flavus (42.86%), A. parasiticus (66.66%). Ochratoxigenic isolates included 

A. carbonarius (100 %), A. niger aggregates (37.50 %) and A. ocharceous (62.50 %). 

Aspergillus parasiticus produced higher concentration of AFB1 (maximum 1374.23 

ng/g) than A. flavus (maximum 635.50 ng/g). Giorni et al. (2007) reported that 70% 

strains of A. flavus and A. parasiticus were aflatoxigenic and their AF production 

potential varied from less than 10 ng/g (22.8%) to more than 1000 ng/g (24.3%). 

Similarly Wicklow et al. (1998) reported that 53% Aspergillus species produced 

aflatoxins. A variation among aflatoxigenic Aspergillus isolates to produce either one or 

more of the four AFs (B1, B2, G1 & G2) as observed in the present study has also been 

reported (Fraga et al., 2007). 
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OTA production potential of  A. ochraceous ranged from 1.81  to 9523.1 ng/g while in 

case of A. niger aggregates it was 1.30 to 1758.6 ng/g. Magnoli et al. (2006) from 

Argentina reported that 30 (25%)  out of 112 strains of black Aspergilli produced OTA 

whereas only one strain out of four A. ochraceous produced  OTA, however, maximum 

OTA produced by their isolates was 31.5 ng/ml which was lower than the that in present 

study.  

Wheat 

Like corn,  Aspergillus genus had highest isolation frequency followed by Penicillium, 

Fusarium and Alternaria. Among different species P. verrucosum was most frequently 

isolated fungus. Among different isolates of Aspergilli, A. niger aggregate was most 

frequent followed by A. flavus, A. parasiticus, A. ochraceous, A. carbonarius and A. 

fumigatus. Riba et al. (2008) from Algeria reported similar results; however, they 

differed in that Fusarium was the second most prevalent genus. The currently available 

data indicated that the genus Aspergillus displayed worldwide distribution, particularly 

in sub tropical and warm temperate regions (Mantle 2002). In contrast to our study 

Baliukoniene et al. (2003) from Lithuania reported Penicillium as dominant genus 

isolated from stored wheat and Aspergillus as lowest isolated genus. The only 

explanation to this variation could be the cold climate of Baltic region in contrast to hot 

and tropical climate of Pakistan.  

Out of a total of 30 Aspergillus isolates from wheat aflatoxigenic strains included A. 

flavus (50%) and A. parasiticus (80%). Their AFB1production potential ranged from 

1.44 to 836.53 ng/g. Like in corn different aflatoxigenic isolates had ability to produced 

either one or more AFs out of AFB1, AFb2, AFG1 and AFG2. 

Ochratoxigenic species contaminating wheat included A. niger aggregates (42.85%) and 

3/3 isolates of  A. ochraceous (3/3 100%) producing a maximum of 15045 ng/g OTA. 

Riba et al. (2008) from Algeria found that 23.3% of 135 isolates of Aspergilli were 

ochratoxigenic. Similar to our results all the samples of A. ochraceous produced OTA 
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ranging from 0.23- 11.5 µg/g while 28% isolates of A. niger were ochratoxigenic 

producing 0.01-0.07 µg/g OTA. 

Rice 

Like corn and wheat Aspergillus genus had highest isolation frequency followed by 

Penicillium, Fusarium and Alternaria. Among different fungal species Penicillium 

verrucosum was most frequently isolated species followed by Aspergillus flavus and A. 

niger aggregates. Similar results have been reported by Hussaini et al. (2007) from  

Nigeria  describing Aspergillus as predominant genus isolated from rice followed by 

Penicillium, Fusarium, Alternaria, Mucor, Rizopus etc. Similar results have been 

reported from India (Reddy et al.,2008b)  Ecuador ( Pacin et al., 2002) Argentina and 

Southern Paraguay (Tonon et al., 1997). 

 In present study five Aspergillus isolates out of 10 were toxigenic. Aflatoxigenic strains 

included A. flavus (50%) and A. parasiticus (1/1) producing 10.06-1221.20 ng/g AFB1. 

OTA was produced by A. niger aggregates (33.33%), and A. ochraceous (1/1) in 

concentrations varying from 0.106 to 45.67 ng/g. Reddy et al. (2008b) from India 

reported 500 isolates of toxigenic aspergilla from 2000 cultures obtained from rice 

samples and their AFB1 production potential varied from 386-415µg/g of the substrate.  

Kazmi et al. (2008) of Iran isolated different Aspergillus species from rice samples 

collected from the silos and markets from East Azarbaidjan province. Some authors 

have reported the presence of aflatoxins in stored rice suggesting that aflatoxigenic fungi 

were present in the rice (Sales and Yoshizawa 2005).  

Cereal by-products 

Isolation frequency of different genra of fungi in wheat bran and rice polishing was 

similar to that of cereals. In Wheat bran all the isolates of the most frequent Aspergillus 

specie, A. niger aggregate, were nontoxigenic while 1/6 of A. ochraceous isolates were 

toxigenic. In rice-polishing toxigenic strains of A. flavus produced 13 ng/g AFB1 while 

OTA (0.597-10.03 ng/g) was produced by A. carbonarius, A. niger aggregates and A. 
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ochraceous. No information is available from the literature to compare the results of 

wheat bran and rice polishing. However, some reports are available about a closely 

related by-product wheat bran. Sales and Yoshizawa (2005) from Philippine reported 

that 29% molds isolated from rice, hulls, bran, and settled dust from milling operation 

belonged to Flavi section and 31% were toxigenic. AF produced in vitro by A. flavus 

and A. parasiticus varied from <1 to 6227 µg/kg. Dutta and Das (2001) in India isolated 

Aspergillus flavus from 13 samples of rice bran. Similarly Jayaraman and 

Kalyanasundaram. (1990) reported isolation of 16/29 toxigenic  A. flavus fungi from 34 

rice bran samples. 

Oilseed meals and fishmeal 

Among different oilseed meals, highest degree of contamination was observed in corn 

gluten meal (75%) followed by sunflower meal (56.25%) and lowest in cottonseed meal 

(50%). Aspergilli were the most frequently isolated fungi followed by Penicillium.  In 

addition Fusarium was isolated from cottonseed and soybean meals whereas Alternaria 

from cottonseed meal only. There are few reports describing fungal contamination of 

oilseed meals. Dutta and Das (2001) in India isolated 8 strains of Aspergillus flavus and 

one stain of A. parasiticus from 10 samples of sunflower cakes. Lanier et al. (2009) 

isolated Aspergillus fumigates and A. repens from oilseed cakes stored at farms for 4-5 

months. In Morocco, Roussos et al. (2006) isolated 285 fungi, predominantly 

Aspergillus and Penicillium species,  from olive and olive cakes. Aflatoxin B1 was 

produced by 6/9 nine stains of A. flavus while 27/36 strains of A. niger produced OTA. 

In contrast to our study Etcheverry et al. (1999) from Argentina reported Fusarium as 

predominant genera isolated from corn meal followed by Aspergillus and Penicillium.  

 In cottonseed meal Aspergillus was most frequently isolated genus followed by 

Penicillium, Fusarium and Alternaria. P. verrucosum was the most frequently isolated 

species followed by A. niger aggregates, A. flavus, A. carbonarius, A. ochraceous, A. 

parasiticus and P. chrysogenum.  Similar to our results, Mazen et al. (1990) from Egypt 

reported that Aspergillus was most frequent genus and A. niger, A. flavus, A. fumigatus 
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and P. corylophilum the common species isolated from cottonseeds and cottonseed 

cakes.  

Soybean meal yielded Aspergillus, Fusarium and Penicillium ranked in the order of 

frequency. A. niger aggregates was dominant specie isolated followed by P. verrucosum, 

A. flavus and A. ochraceous. Similar results have been reported from Thailand where 

67% samples of soybean meal were contaminated with A. flavus (Pitt et al., 1993b). 

Similarly El-Kady and Youssef (1993) in Egypt isolated A. flavus, A. fumigatus, A. niger 

and A. alutaceus, A. terreus, P. chrysogenum and P.citrinum etc. They also detected 

aflatoxin in 35% soybean seed samples.  

Sunflower meal samples yielded Aspergillus and Penicillium species. Most frequently 

isolated specie was P.verrucosum followed by A. flavus, A. niger aggregate and A. 

ochraceous. Abdel-Malik et al. (1993) in addition to Aspergillus and Penicillium also 

isolated Fusarium species from sunflower meal. They detected toxigenic species of 

Aspergillus, Penicillium and Fusarium genra. 

Out of a total 24 Aspergilli isolated from different oilseed meals, 11 were found 

toxigenic. Aflatoxigenic Aspergillus species were A. flavus (4/9), A. parasiticus (1/1) 

producing AFB1 from 48.58 to 1320 ng/g. Three aflatoxigenic Aspergillus isolates 

produced all four aflatoxins and two produced combination of three different aflatoxins. 

OTA was produced by A. ochraceous (3/4) and A. niger aggregates (3/9), ranging from 

0.43-15046 ng/g.  

Literature described presence of aflatoxins and ochratoxins in different oilseed meals in 

Pakistan (Maqbool et al., 2004; Zafar et al., 2001). In other countries these mycotoxins 

have been reported in cottonseed meal (Mellon and Cotty, 1998; Tarasyuk et al., 1985; 

Sekul et al., 1977), canola meal, soybean meal (Valenta et al., 2002; Purwoko et al., 

1991; Sutikno, 1989) and corn meal (Etcheverry et al., 1999), Presence of mycotoxins in 

meals strongly suggest the contamination of these meals by toxigenic fungi. This 

contamination can occur during storage. As Aspergillus and Penicillium are storage 

fungi, they are likely to grow in the stored meals.  
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Fishmeal 

In present study eight fungi including Aspergillus niger aggregates (3) and P. 

verrucosum (3) A. flavus(1) and A. ochraceous (1) were isolated from the fish meal . 

Aflatoxigenic fungus in fishmeal included A. flavus (1/1) while ochratoxigenic fungi 

included A. niger aggregates (1/3) and A. ochraceous (1/1). Dutta and Das (2001) 

reported isolation of 6 strains of Aspergillus flavus from 13 samples of fish meal. 

Reports also described the presence of AF (Maqbool et al., 2004; Sutikno, 1989) and 

OTA (Zafar et al., 2001) in the fish meal. As fish meal is not an agricultural product, its 

contamination with fungi generally present in agricultural environment is unlikely to 

occur. It may be possible that fungi might have contaminated the fish meal during 

processing and storage along with other feed ingredients.  

These results of fungal isolations and identification of aflatoxigenic and ochratoxigenic 

Aspergilli from the cereals, cereal by-products, oilseed meals and fish meal in the 

present study fairly conformed to the studies made in other regions of the World. The 

variations present in the isolation frequencies of different fungi might be due to 

differences in the regional climates, storage conditions and sampling strategies by 

different workers. In Pakistan insufficient information is available about the 

contamination of poultry feed ingredients including cereals, cereals by-products, oilseed 

meals and fish meal with toxigenic fungi. The results of this study, therefore, will act as 

baseline information about mycobiota of these products in the country. This study also 

constitutes the first report from Pakistan describing the ochratoxigenic potential of black 

Aspergilli isolated from different cereals and other poultry feed ingredients. 

Poultry feed 

Fungal contamination was present in a high proportion of the feed samples (73.10 %) 

which was in line  with the reports of  isolation of fungi from poultry feeds in other 

countries including Brazil (Oliveira et al., 2006; Rosa et al., 2006), Argentina (Dalcero 

et al.,1997) and Nigeria  (Osho et al., 2007) . Different genra of fungi isolated in present 

study ranked according to their isolation frequency were Aspergillus, Penicillium, 

Fusarium and Alternaria. The only report from Pakistan described 39 fungal isolates 
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from animal feed stuffs including Aspergillus (21/39), Mucor (7/39), Rhizopus (6/39), 

Fusarium (4/39)  and Penicillium (1/39) (Afzal et al., 1979) . High isolation frequencies 

of Aspergillus and Penicillium fungi from mixed poultry feeds have been reported in 

Brazil (Simas et al., 2007), Argentina (Dalcero et al., 1998) and Spain (Abarca et al., 

1994; Bragulat et al., 1995).  Highest Isolation frequency of Aspergillus in mixed 

poultry feed and component raw materials have also been reported in Spain (Accensi et 

al., 2004). Different cereals constitute a major component of poultry feed thus, cereal 

mycoflora may also be a reflection of fungal contamination of poultry /animal feeds . 

High frequency of Aspergillus fungi was present in maize in Italy (Giorni et al., 2007), 

Pakistan (Shah et al., 2008) and Ghana (Kpodo et al., 2000). In Algerian wheat samples 

Riba et al. (2008) detected high levels (66 to 84 %) of Aspergillus followed by 

Penicillium, Fusarium, Alternaria and Mucor. High contamination level of Aspergilli 

might be due to their high temperature tolerance character (Battilani et al., 2003). The 

high frequency of Aspergillus followed by Penicillium fungi in Pakistan might be due to 

high temperature and high humidity levels. In present study Fusarium and Alternaria 

fungi were detected in low frequencies because these are field fungi and our sampling 

consisted of poultry feed which is prepared from stored ingredients.  

The fungal contamination level was higher in farm-mixed poultry feed (83.33 %) as 

compared with commercial poultry feed (69.66 %). A possible reason for low fungal 

contamination in commercially prepared feeds might be that antifungal agents are 

frequently added to prevent fungal growth during prolonged and varied storage 

conditions at farms. Whereas farm-mixed poultry feed is used within a short period of 

time after preparation and in order to reduce the cost of production, antifungal agents 

might not be added to these feeds.  Another reason might be that commercial poultry 

feed is in crumbs form which is prepared at high temperature thus reducing its bacterial 

and fungal load whereas farm mixed feed is in mash form and not exposed to high 

temperatures. A significant decrease of fungal count in pellet feed has been reported 

(Chelkowsky, 1991; Dalcero et al., 2002). 
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Among the Aspergilli isolated from feed samples in the present study, A. niger 

aggregates were the predominant species followed by A. flavus, A. ochraceous and A. 

parasiticus. These results differ from some reports describing A. flavus as the 

predominant species followed by A. niger aggregates (Accensi et al., 2004: Rosa et al., 

2006; Somashekar et al., 2004). Similarly A. flavus was the predominant species in pet 

foods (Martins et al., 2003) and wheat samples from Algeria (Riba et al., 2008). A 

higher occurrence of black Aspergilli reported in grapes in France during 2001-2003 was 

incriminated to temperatures higher than 37 °C (Bejaoui et al., 2006). In Pakistan high 

temperature and humidity might be responsible for higher frequency of A. niger 

aggregates in poultry feeds compared with other species of Aspergillus.   

The total  aflatoxins (AF) producing potential of toxigenic isolates  on YES medium in 

the present study  varied from 0.0009 to 1.987 µg/g which were in line with similar 

results  in poultry feed (Fraga et al., 2007) and pet foods (Campos et al., 2008). 

In present study some isolates of aflatoxigenic fungi produced all four toxins (AFB1, 

AFB2, AFG1, AFG2) while others produced either three or two AFs. Fraga et al. (2007) 

also reported that 63% of aflatoxins producing species isolated from poultry feeds 

produced AFB1, AFB2, AFG1 and AFG2  whereas 27%  belonging to A.  flavus and A. 

candidus strains produced AFB1, AFB2, and AFG1 but no AFG2.  Similarly Sanchez-

Hervas et al. (2008) also mentioned that the isolates of A. flavus from cocoa beans 

varied in their ability to produce different aflatoxins.  

Ochratoxigenic Aspergilus isolates in the present study included A. niger aggregates 

(13/21, 61.90 %), A. carbonarius (1/2, 50%) and A. ochraceous (9/9, 100%).  The 

ochratoxin A (OTA) produced by these species on YES medium varied from 0.0014 

to16.72 µg/g. In Brazilian poultry feeds ochratoxigenic species included A. niger 

(43/175, 24%), A. carbonarius (5/7, 71.4%), A. ochraceous (19/74, 25.6 %), A. melleus 

(9/23. 39.1%) and P. verrucosum (8/61, 13%). The OTA production of these isolates on 

CYA medium ranged from 25 to 120 µg/kg (Rosa et al., 2006). Aspergilli isolated from 

cocoa beans included A. niger aggregates (59/132, 44.7%) and A. carbonarius (6/6, 100 

%) with OTA production ranged from 0.5 to 90 µg/g (Sanchez-Hervas et al., 2008).   
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This component of the present study describes the toxigenic fungi and their afla and 

ochratoxin producing potentials in poultry feeds in Pakistan. It is the first report 

describing isolation of ochratoxin A producing Aspergilli in poultry feeds in Pakistan.  

Keeping in view the tropical climatic conditions of the study area, these fungi may 

propagate and produce mycotoxins in concentration injurious to the health of the poultry 

birds fed upon these contaminated feeds. There have been few reports of contamination 

of poultry feeds with injurious levels of different mycotoxins (Hanif et al., 2008). The 

presence of toxigenic fungi in poultry feeds manufactured in Pakistan warrant the 

adoption of effective measures to curb their propagation to prevent the mycotoxin 

production to the hazardous levels.  

 

Toxico-pathological potential of Aspergillus isolates by chick embryo toxicity 

screening test 

 

Chick embryos toxicity screening test (CHEST) was described by Jelinek (1977) as an in 

vitro test for determination of toxigenic potential of different chemicals. There have been 

reports using chick embryotoxicity to determine the toxic effects of a variety of 

chemicals including antitumor drugs, antipyretics, antibiotics, antibacterial, toxicants, 

mycotoxins etc. (Sehata et al., 2004; Mortell et al., 2003; Peterka et al., 2002; Henry and 

Wyatt, 2001; Javed et al., 1993; Vesely et al., 1992; Jelinek et al., 1985; Vesela et al., 

1983). In the present study this test was used to determine the toxico-pathological 

potential of extracts of different fungi isolated from the poultry feeds and feed 

ingredients.  

 

Chick embryotixicity of extracts of aflatoxigenic Aspergillus isolates 

Embryos administered 10 ng/egg AF did not show a constant pattern of mortality and 

varied from 16.7 to 66.7%. Celik et al. (2000) reported a74.5% mortality in chick 

embryos administered 10 ng/egg AFB1 prior to start of incubation. However, calculating 

upon the basis of AFB1 level (ng/egg), the results showed a trend of higher embryonic 
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mortality with higher AFB1 level. Essentially the similar pattern was observed when 100 

ng/egg AF was administered in embryos from the same isolates. However, the mortality 

figures raised and reached to 100% with higher AFB1 levels suggesting a dose related 

effect. Increase in mortality with increase in AFB1 dose levels also reflected that AFB1 

as a major factor in embryotoxicity of aflatoxigenic fungi extracts.   Similarly Vesely et 

al. (1983) also ranked AFBI most toxic aflatoxin for embryotoxicity and embryo 

lethality. Embryonic mortality reported by Celik et al. (2000) following administration of 

10 ng/g AFB1 was higher than that observed in the present study which might be due to 

inoculation of embryos at start of incubation with a higher dose of AFB1compared to 4 

days old embryos used in our experiments suggesting an age related development of 

resistance to AFB1.  Prelusky et al. (1987) and Neldon-Ortiz & Qureshi (1992) reported 

that chick embryos were more sensitive to AFB1 at day 1 than those at day 7 of age. 

Vesely et al. (1983) also reported the embryotoxic sensitivity to aflatoxins was age 

dependent. 

In present study all the chicks hatched out from AF administered embryos had 

significantly lower bodyweight, higher liver relative weights and lower relative weights 

of bursa of Fabricius than those of control. Kidney weight of all the groups although 

nonsignificantly in AF 10 group were significantly higher in AF 100 compared with 

control. Similar decrease in bodyweight has been reported by Wangikar et al. (2004) in 

rat embryos in both  AFB1 alone and combined AFB1 plus OTA groups. Growth 

retardation following AF exposure has been reported in chick embryos (Vesely et al., 

1983) and rodent embryos (Geissler and Faustman, 1988; Roll et al., 1990).  

Microscopic changes in liver and kidneys of the chicks hatched out from Af inoculated 

embryos observed in the present study could not be compared because no similar report is 

available in the accessible literature. However, similar lesions have been reported to 

occur in young broiler chicks experimentally intoxicated with aflatoxins (Hussain et al., 

2008) This comparison suggested that the lesions are similar in chicks administered AF 

in postnatal life or during embryonic stage. It also reflected that the mechanism of 

toxicity in chicks embryos might be similar to that of broiler chicks in postnatal life.  
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A comparison of the scores of microscopic lesions in liver and kidneys showed more 

severe changes in chicks produced in high dose groups compared with those of low dose 

groups suggesting a dose related response.  

A morphometric comparison of bursa of Fabricius of control, low dose and high dose 

groups suggested a dose related increase in severity of pathological alterations in bursa of 

Fabricius. The pathological alterations in bursa of Fabricius might be the cause of 

immunosuppressive effect of aflatoxins.  

The present study seems the first to report the pathological alteration in liver, kidneys and 

Bursa of Fabricius of chicks hatched from AF inoculated embryos. Also there is no report 

of quantitative or semi quantitative comparison of histopathological alterations of in these 

organs. Qureshi et al. (1998) described immunosuppressive effects of AF in chicks 

hatched from AF intoxicated hens. The pathological alterations in bursa of Fabricius 

might be responsible for immunosuppressive effect of aflatoxins in chicks hatched out 

from AF intoxicated hens. 

Chick embryotoxicity of extracts of ochratoxigenic Aspergillus isolates 

Chicks hatched out from OTA administered embryos showed a dose related increase in 

mortality, had significantly lower bodyweight, higher relative weights of liver, kidneys, 

and lower relative weights of Bursa of Fabricius compared with controls. Vesela et al. 

(1983) reported 60% mortality with growth retardations and morphogenetic disorders. 

Similar to the study of AF, mortality was high at early age of incubation as compared 

with late stage. Renal tubular necrosis, glomerunephritis and fatty change of hepatocytes 

observed in the present study have not been reported earlier in chicks from OTA 

intoxicated embryos. The pathological findings are, however, comparable to the OTA 

induced toxico-pathologic effects in broiler chicks. Hanif et al. (2008) in OTA 

intoxicated broiler chicks observed an increase in the weights of liver and kidneys but not 

that of bursa of Fabricius. Interstitial nephritis, glomerulonephritis, tubulonephrosis, focal 

tubular epithelial cell proliferation, multiple adenoma like structures in the renal 

parenchyma, degenerative changes in liver and atrophy of lymphoid tissues have been 
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reported in OTA intoxicated chicks (Koynarski et al.,2007; Kumar et al. 2004; Biro et al. 

2002; Stoev et al., 2000). Changes like focal tubular epithelial cell proliferation, multiple 

adenoma like structures in the renal parenchyma were, however, not observed in present 

studies. 

Histopathological lesions scoring and morphometric analysis of  liver, kidneys and bursa 

of Fabricius suggested as dose related increase in severity of the pathological alteration. 

The pathological alterations in bursa of Fabricius could be related with the 

immunosuppressive effects of OTA reported by different authors (Kumar et al., 2004).  

This study seems the first study to identify some pathological alteration in liver, kidneys 

and Bursa of Fabricius of chicks hatched from OTA inoculated embryos.  

  

Chick embryotoxicity of extracts of nontoxigenic Aspergillus isolates 

Administration of  high dose (500 µl) of extracts of nontoxigenic fungi into embryonating 

eggs showed an appreciable increase in mortality, decrease in bodyweights, relative 

weight of bursa of Fabricius and increase in liver and kidneys relative weight along with  

morphological alterations in different organs including liver, kidneys and bursa of 

Fabricius. These variations from the control suggested the presence of some mildly 

toxigenic substances other than AF or OTA in the fungal extracts of nontoxigenic fungi. 

Although AF and OTA are the most significant mycotoxins, production of other 

toxigenic substances has also been reported to occur by different Aspergillus species 

including cyclopiazoic acid (Duran et al., 2006) , aspergillic acid, malformis (Andersen 

and Thrane, 2006), glutaconic acid (Lugauskas, 2005b), β-Nitropropionic acid (Frisvad et 

al.,2006).  

Presence of these or other substances in the extract of non-afla- or non-ochratoxigenic 

Aspergillus isolates in the present study might be responsible for the induction of 

pathological changes in the chicks hatched from embryonating eggs inoculated with their 

extracts. Induction of toxico-pathological changes in chick embryos by nontoxigenic 

fungi upon chick embryos indicates the necessity to identify these toxic substances in 

Aspergilli and to devise techniques/methods to avoid the losses by these substances.  
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Molecular identification of selected fungi   

Molecular methods, though expensive, laborious and time consuming, yet are considered 

as most authentic way of microbial identification and have become the most common 

tool for the identification of fungi in environmental samples (Borman et al., 2008). In 

present study, fungal contaminants isolated from the feed ingredients and poultry feed 

were identified on morphological basis.  All the isolates exhibiting black pigment 

production were identified as Aspergillus niger aggregates (or black Aspergilli). Black 

Aspergilli, although morphologically similar, can further be identified as a variety of 

closely related species (Perrone et al., 2007). In present study, five isolates of A. niger 

aggregates and one of each A. flavus and P. chrysogenum were randomly selected for 

further confirmation via cloning and sequencing the ITS (Internal transcribed region) of 

the 5.8 S rRNA (ribosomal RNA). These regions (ITS) contain most conserved sequence 

at the terminal region and also contain the hyper variable sequences distinguishing 

between species. Therefore, they have been considered as the best tool for the 

identification of the fungi. The use of ITS region as compared with other molecular 

probes is advantageous due to many reasons including increased sensitivity because of 

existence of more than 100 copies per genome (Mirhadi et al., 2007). 

On the basis of cloning and sequence analysis of A. niger aggregates, four isolates were 

identified as A. niger and one as A. tubingensis.  Similar to our studies Martinez-Culebras 

and Ramon (2007) identified A. tubingensis as new species among black Aspergilli from 

Spain. Identification of two different species in a group of five black Aspergilli suggested 

that Aspergillus niger aggregates or black Aspergilli should be further identified by 

molecular methods to differentiate between closely related species. Martinez Cluebras et 

al. (2009) also suggested that phylogenetic analysis can be used to develop relationship 

between closely related species. 

Aspergillus flavus and Penicillium chrysogenum initially identified by morphological 

parameter appeared as the same species by molecular methods suggesting that 

morphological parameters were accurate and precise enough to identify these stains. 
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Salient features of the study 

Fungal isolations from the stored cereals, cereal by-products, oilseed meals, fish meal 

and in poultry feeds have been conducted to establish a baseline for further studies. 

Aflatoxigenic and ochratoxigenic potential of Aspergillus isolates have been determined 

and it is the first report from Pakistan describing the ochratoxigenic potential of black 

Aspergilli isolated from different cereals, oilseed meals and poultry feeds. 

Pathological alterations have been identified in liver, kidneys and bursa of Fabricius of 

chick hatched from the embryos administered extracts of aflatoxigenic, ochratoxigenic 

and nontoxigenic Aspergillus isolates. This seems first study describing pathological 

alterations in chicks hatched from toxin administered embryos. 

Molecular identification of five isolates of black Aspergilli revealed presence of  A. niger 

and A. tubigenesis. This is the first molecular based  identification of  these species in 

Pakistan . 
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Guidelines for further studies 

Isolation and identification of fungi from the poultry feeds and feed ingredients 

conducted over a period of two years may form a baseline information and fuether studies 

in feed mycology may designed in light of this data.  

 

Aflatoxigenic and ochratoxigenic fungi isolated from different commodities with varying 

potential of toxin production may be further studied to elaborate their mycological, 

epidemiological and pathological characters. 

 

Identification of Aspergillus tubigenesis and Aspergillus niger form randomly selected 

Aspergillus niger aggregates strongly suggested that molecular techniques should be used 

for identification of all isolates of black fungi. 

 

Isolates of black Aspergilli from different commodities were predominantly found as 

ochratoxigenic. Therefore, more study is needed to elaborate their epidemiological and 

toxigenic potential.  

 

There is a need to establish maximum allowable levels (or safety limits) for mycoflora 

and also toxigenic fungal flora in poultry feeds and feed ingredients available in the 

country. 

Pathological alterations in chicks hatched from the embryos inoculated with  toxgenic 

fungal extracts  suggested that chicks originating from breeder stocks kept on high AF or 

OTA levels may be exposed to these mycotoxins from residues in the eggs and have 

inferior health.  A study on the health indictors of chicks originating from breeder stock 

kept feeds varying in toxin levels may also be conducted.  

 

Pathological changes observd in the chicks originating from embryos administered with 

extracts of nontoxigenic fungi suggested that apart from AF or OTA, other toxic 

metabolites are also produced by the fungi. Therefore, toxic metabolites other than AF or 

OTA should also be investigated in fungi isolated in the local environment. 
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CHAPTER 6 

 

 

SUMMARY 

 

In present study a total of 440 samples of different poultry feeds and feed ingredients 

including cereals, oilseed meals and fish meal, kept in storage, were cultured to isolate 

fungi. Fungal contamination was present in 270 (61.36 %) samples. The frequency of 

contamination was highest in farm mixed poultry feed and lowest in fish meal. The most 

frequently isolated genus from all commodities was Aspergillus followed by Penicillium, 

Fusarium and Alternaria. Among Aspergillus, A. niger aggregates was the most 

frequently isolated species followed by A. flavus, A. ochraceous, A. parasiticus, A. 

carbonarius, A. fumigates and A. oryzae.  Penicillium verrucosum was consistently 

isolated from all the commodities whereas Penicillium chrysogenum could not be isolated 

from soybean meal, sunflower meal and fish meal samples. Determination of aflatoxins 

and ochratoxin A  of Aspergillus isolates revealed that 68.18 and 76.47 percent isolates of  

A. flavus and A. parasiticus were aflatoxigenic, whereas 42.86, 46.03 and 66.67 percent 

of A. carbonarius, A. niger aggregates and A. ochraceous were ochratoxigenic, 

respectively. All the colonies of aflatoxigenic and ochratoxigenic isolates fluoresced blue 

or blue green in UV light (365 nm). Aflatoxins produced in YES medium by A. flavus 

and A. parasiticus isolates ranged from 0.51- 1753 ng/g AFB1, 0.24-949 ng/g AFB2, 

0.27-59.08 ng/g AFG1 and 0.074-14.57 ng/g AFG2.   OTA produced in YES medium by 

A. ochraceous, A. carbonarius and A. niger aggregates level ranged from 0.037-15045 

ng/g. Extracts of different Aspergillus fungal isolates were administered on 

chorioallontoic membrane of 4 day old chick embryos. Mortality in chick embryos 

administered extracts of aflatoxigenic & ochratoxigenic fungal extracts increased with 

concentration of AFB1 and OTA of the inoculate. In similar way extracts of nontoxigenic 
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isolates also produced an increase in mortality of embryos. Bodyweights of all the groups 

administered extracts of aflatoxigenic, ochratoxigenic and nontoxigenic fungi were 

significantly lower from control. In aflatoxigenic group grossly liver and kidneys were 

swollen and congested. Microscopically liver had fatty change of hepatocytes, individual 

cell necrosis and cellular infiltration around the blood vessels. Kidneys exhibited 

congestion, tubular necrosis and dilated urinary spaces in glomeruli. Histopathological 

scoring of lesions suggested significant dose related increase in severity of fatty change 

and individual cell necrosis in liver; congestion and tubular necrosis in kidneys of chicks.  

Embryo administered extracts of ochratoxigenic fungi showed gross enlargement of liver 

and kidneys. Microscopically liver had fatty change of hepatocytes, increased individual 

cell necrosis and cellular infiltration. Kidneys had congestion, tubular necrosis and 

glomerulonephritis. Fatty change, individual cell necrosis in liver and congestion, tubular 

necrosis and glomerulopathy in kidneys increase in severity with increase in dose of 

extract/OTA. Embryos administered nontoxigenic fungi showed gross and microscopic 

lesions similar to those present in aflatoxigenic and ochratoxigenic groups. However, the 

severity of the lesions was mild. 

Bursa of Fabricius in all the groups administered extracts of aflatoxigenic, ochratoxigenic 

and nontoxigenic fungi showed a decrease in relative weight compared with control 

groups. Microscopically bursa exhibited increased apoptotic bodies in medullary region, 

thickened inter-follicular connective tissue, decrease follicular, cortical, medullary 

diameter and surface epithelium height. Morphometric analysis showed a dose related 

significant change in the microscopic alterations in bursa of Fabricius.   

 

Molecular identification of selected fungi revealed the presence of Aspergillus niger and 

Aspergillus tubingensis in the A. niger aggregates. This observation suggested that all 

black fungi should be subjected to molecular techniques for species identification. 
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 Appendix I 

 Composition of different culture media  

Components Ingredients Quantity 

Potato dextrose agar (Samson et al., 2004) 

1 Potatoes 100 g 

2 Glucose 10 g 

3 Agar 7.5 g 

4 Distilled water up to 500 ml 

Czapek dox solution agar (Pitt and Hocking, 1997) 

1 Sodium Nitrate 3 g 

2 Dipotassium phosphate 1 g 

3 Magnesium sulfate 0.5 g 

4 Potassium chloride  0.5 g 

5 Ferrous sulfate 0.01 g 

6 Glucose  30.0 g 

7 Agar 15.0 g 

8 Distilled water up to 1000 ml 

Czapek yeast autolysate agar (Pitt and Hocking, 1997) 
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1 NaNO3 3.0 g 

2 K2HPO4 1.0 g 

3 KCl 0.5 g 

4 MgSO4. 7 H2O 0.5 g 

5 FeSO4. 7 H2O 0.01 g 

6 Yeast extract 5.0 g 

7 Sucrose  30.0 g 

8 Agar 15.0 g 

9 Trace metal solution 1.0 ml 

10 Distilled water up to  1000 ml 

Yeast extract sucrose agar (Samson et al., 2004) 

1 Sucrose 150 g 

2 Agar 20 g 

3 Yeast extract 20 g 

4 MgSO4. 7H20 0.5 g 

5 Trace Metal Solution 1.0 ml 

6 Distilled water 1000 ml 

Composition of trace metal solution 

1 ZnSO4. 7 H2O  1 g 
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2 CuSO4. 5 H2O  0.5 g  

3 Distilled water   100 ml  

Malt  Extract Agar (Pitt and Hocking, 1997) 

1 Malt Extract  20 g 

2 Peptone 1 g 

3 Glucose 20 g 

4 Agar 20 g 

5 Distilled water up to 1000 ml 
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Composition of Vogel’s medium 

Components Ingredients Quantity 

(g/l) 

1 Trisodium citrate 2.5 

2 KH2PO4 5.0 

3 NH4NO3 2.0 

4 (NH4)2SO4 4.0 

5 MgSO4.7H2O 0.2 

6 Peptone 2.0 

7 Wolfe’s Trace Minerals 

Solution 

10 ml 

8 Wolfe’s Vitamin Solution 5 ml 
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  Wolfe’s Trace Minerals Solution Composition  

Wolfe’s Trace Minerals Solution 

Components Ingredients Quantity 

1                          Nitrilotriacetae                     1.5 g 

2 MgSO 4.7H2O 3.0 g 

3 MnSO4. H2O 0.5 g 

4 NaCl 1.0 g 

5 FeSO4. 7H2O 100 mg 

6 CoSO4 100 mg 

7 CaCl2 82 mg 

8 ZnSO4  100 mg 

9 CuSO4.5H2O 10 mg 

10 Al K (SO4)2 10 mg 

11 H3 BO4  10 mg 

12 Na2MoO4.2H2O 10 mg 

13 Distilled Water  

  

1.0 Liter 
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Wolfe’s Vitamin Solution Composition  

 Wolfe’s Vitamin Solution  

Components Ingredients Quantity  

1 Biotin 2 mg 

2 Folic acid 2 mg 

3 Thiamine HCl 5 mg 

4 Riboflavin 5 mg 

5 Pyridoxin 10 mg 

6 Cyanocobalmine 0.1mg 

7 Nicitinic acid 5 mg 

8 DL-Ca pentothenate 5 mg 

9 P- Aminobenzoic acid 5 mg 

10 Thioctic acid 5 mg 
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Appendix II 

 Identification of different isolates based upon synoptic key (Singh et al., 1990; Raper & 

Funnel 1965) 

Aspergillus carbonarius 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

101, 142, 233, 268, 273, 349, 

373 

Observe color Brown to  blackish 

Reverse color Buff color 

Diameter (cm) 3.5 to 4.5 

Slide Culture 

Head Globular 

Stipe/Hyphae Long and smooth 

Vesicle 
Very big, spherical and fertile 

on entire surface 

Phialides Ampulliform with flat base 

Metulae Absent 

Conidia Globose to ellipsoidal  
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Aspergillus flavus 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

1, 2, 4, 7, 8, 24, 25, 38, 42, 46, 

49, 53, 59, 61 , 69, 76, 77, 79, 

90, 120, 123, 135,141,167, 178, 

181, 190, 199, 209 

216, 219, 230, 241, 281, 283, 

292, 312, 318, 333, 335, 352, 

397,  400, , 401, 431 

Observe color 
Yellowish green and becoming 

green with passage of time 

Reverse color Cream to yellow 

Diameter 4 to 5 cm 

Slide Culture 

Head 
Radiating becoming 

columnar with age 

Stipe/Hyphae Long and nonseptate 

Vesicle 
Dome shaped fertile from 

entire surface 

Phialides 
Small and ampulliform in 

shape 

Metulae Present 

Conidia 
Globose to subglobose in 

shape 
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Aspergillus fumigatus 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

79, 91, 163, 395, 413 

Observe color Dark green to bluish green 

Reverse color Creamish yellow 

Diameter 3 to 3.5 cm 

Slide Culture 

Head Columnar  

Stipe/Hyphae 
Short smooth greenish 

grey hyphae 

Vesicle 
Hemispherical and fertile 

on upper half only 

Phialides Ampulliform in shape 

Metulae Absent 

Conidia Globose greenish color 

 



 

 

200 

 

 

Aspergillus niger aggregates 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

2,4,5, 6, 8, 9, 12 ,15, 30,31,36, 

41,42,46, 51, 61,62,72, 74, 90, 

93, 94, 110, 115, 117, 118, 

130,133, 134, 138, 147, 153, 

161, 162, 171, 174, 187,193, 

208, 211, 213, 214, 215, 235, 

245, 250, 270, 271, 282, 297, 

314, 322, 327, 330, 350, 353, 

362, 379, 392, 398, 419, 428, 

435,  

Observe color Black 

Reverse color 
Cream to creamish yellow 

even brown 

Diameter (cm) 5 to 6.5 cm 

Slide Culture 

Head 
Globose blackish brown , 

fertile on all surfaces 

Stipe/Hyphae long 

Vesicle  

Phialides 
Short and ampulliform in 

shape 

Metulae 
Were present, long and 

closely packed 

Conidia 
Round to elliptical, dark 

brown to blackish color 
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Aspergillus ochraceous 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony characters 

22, 42, 66, 119, 124, 132, 172, 

180, 184, 220, 258, 259, 270, 

289, 304, 325, 343, 344, 348, 

359, 368, 375, 377, 384, 397, 

403, 428, 436 

Observe color Ochraceous/buff 

Reverse color Yellowish brown 

Diameter 2-3 cm 

Slide culture 

Head 
Globose becomimng 

radiating with maturation 

Stipe/Hyphae Long thick and rough 

Vesicle 
Big and fertile on all 

surfaces 

Phialides Short and ampulliform  

Metulae Long metulae were present 

Conidia 
Small, round smooth and 

gloden yellow color 
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Aspergillus parasiticus 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

28, 76, 98, 99, 101, 140, 171, 

225, 267, 272, 276, 286, 302, 

381, 406, 411, 439 

Observe color 
Green turning to dark 

green with maturation 

Reverse color Creamish yellow 

Diameter (cm) 3-4 cm 

Slide Culture 

Head Globose radiating  

Stipe/Hyphae Long and rough stipe 

Vesicle 
Loosely globose in shape 

and fertile on entire surface 

Phialides 
Ampulliform with broad 

neck 

Metulae Absent 

Conidia 

Globose , very rough with 

greenish color and greenish 

connective tissue 
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Penicillium chrysogenum 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

10, 33, 66, 103, 137, 147, 174, 

188, 201, 217, 251, 263, 280, 

291, 320, 352, 353, 363, 380, 

392, 401, 419, 430 

Observe color Bluish green to dark green 

Reverse color 
Yellow and some time 

cream 

Diameter (cm) 3 to 4.5 cm 

Slide Culture 

Head Terverticillate  

Stipe/Hyphae Short and smooth 

Vesicle  

Phialides Ampulliform and branched 

Metulae  

Conidia 

Conidia ellipsoidal to 

spherical , smooth and 

greenish 

 



 

 

204 

 

 

Penicillium verrucosum 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

13, 16, 18, 21, 25, 32, 50, 51, 

56, 57, 61, 68, 69, 71, 74, 81, 

85, 87, 92, 95,102, 109, 110, 

111, 113,114,  116, 125, 129, 

136, 139, 142, 143, 152, 159, 

160, 165, 166, 167, 168, 169, 

170, 176, 177, 180, 191, 194, 

198, 200, 201, 202, 203, 212, 

223, 226, 228, 231, 237, 239, 

241, 244, 247, 248, 252, 262, 

266, 271, 277, 278, 279, 287, 

292, 301, 317, 320, 322, 324, 

327, 330, 331, 334, 338, 342, 

345, 350, 355, 381, 382, 386, 

388, 393, 400, 416, 422, 440 

Observe color Bluish green to dark green 

Reverse color 
Yellow and some time 

cream 

Diameter 
3.5 to  5 cm, smooth 

colonies  

Slide Culture 

Head Terverticillate  

Stipe/Hyphae Short and smooth 

Vesicle  

Phialides Ampulliform and branched 

Metulae  

Conidia 

Conidia ellipsoidal to 

spherical , smooth and 

greenish 
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Fusarium spp. 

Identification Parameters 
Isolates ID numbers 

conforming to characters 

Colony Characters 

44, 104, 105, 106, 127, 157, 

168, 196, 218, 246, 249, 257, 

261, 265, 266, 277, 296, 316, 

320, 321, 335, 341, 347, 354, 

364, 379, 408, 414, 432, 437 

 

Observe color White or creamish color 

Reverse color Grayish or violet 

Diameter 3.5-6 cm smooth colonies 

Slide Culture 

Head  

Stipe/Hyphae  

Vesicle  

Phialides Polyphialides 

Metulae  

Conidia 

Microconidia  

&Macroconidia (less in no 

and septate) 
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Appendix III 

Chromatograms of OTA (without derivitization and after derivatization) 

 

 

 

Chromatogram showing peaks of ochratoxin A before &after derivatization  
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Chromatograms of aflatoxins 

 

 

 

Chromatogram showing peaks of aflatoxins after derivatization  

 

 

 

 


