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Aflatoxins are secondary toxic metabolites produced mainly by Aspergillus flavus and Aspergillus parasiticus that
contaminate food and feed. Due to the high incidence of AFM; in milk that have been reported at the Hamadan
region in Iran, a study was conducted to identify the cow feed mycoflora with special respect to aflatoxigenic fungi.
186 cows feed samples from traditional- and industrial-dairy farms of Hamadan region were examined using dilution
plating technique in summer and winter seasons. The predominant fungi isolated were Aspergillus species (37.4%)
(Aspergillus clavatus, A. flavus, Aspergillus fumigatus, Aspergillus nidulans, Aspergillus niger, Aspergillus
ochraceous, A. parasiticus, Aspergillus terreus, Aspergillus ustus) followed by, Penicillium (23.7%), Fusarium
(17.5%), cladosporium (9.1%), Alternaria (4.3%), Rhizopus (3.9%) and Mucor species (3.4%) . The concentrate feed
was the most contaminated feed, for which the mean colony counts for A. flavus and A. parasiticus were 7.25 x 10°
and 7.50 x 10? cfu/g, respectively. The most contaminated feed with these two Aspergilli was concentrate feed (80%)
in summer and wheat bran (45%) in winter. The mean colony count of aflatoxigenic fungi in industrial-diary farms
was significantly higher than traditional-dairy farms. Moreover, the mean of aflatoxigenic fungi colony count in
winter was significantly greater than those in summer seasons (p < 0.00001). The present study tested the
hypothesis that differences exist between fresh forages used in summer and the ensiled form used in winter in
terms of contamination with aflatoxigenic fungi.
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INTRODUCTION

The presence and growth of fungal propagules in food
and feed (spoilage) is a matter of great concern, because
this spoilage may be pursued by difficulties such as
allergy, human and animal infection and mycotoxin
production. Depending on environmental factors, most of
the foods and feeds have the potential for being
contaminated with certain fungi and subsequently
mycotoxins. Contamination of feed and the raw materials
with mould fungi and mycotoxins can occur during the
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Abbreviations: AF, Aflatoxin; TDF, traditional-dairy farms; IDF,
Industrial-dairy farms; SC, Sabouraud’s dextrose agar
containing chloramphenical; cfu/g, colony forming units per
gram.

pre- and the post-harvest periods respectively by field
fungi and storage fungi (Magan and Olsen, 2004).
Species of Aspergillus, Penicillium, Rhizopus and
Cladosporium are the major members of storage fungi
(Maciorowski et al., 2007) . Aspergillus species are the
main contaminants of food and feed of which Aspergillus
flavus, Aspergillus parasiticus, Aspergillus nomius,
Aspergillus tamarii and Aspergillus pseudotamarii are the
main species capable of producing aflatoxins and other
mycotoxins, although some species of genera Penicillium
and Rhizopus are also toxigenic and able to produce
aflatoxins (Murphy et al., 2006).

The carcinogenicity of many mycotoxins, especially
those commonly encountered, has been well recognized
for numerous animal species and humans (IARC, 2002).
Depending on age, sex, stress, species and health
position of animals, the signs of the various
mycotoxicoses are different and mostly include liver



damage, immunosuppression  with  compromised
resistance to infection, disease feed refusal and vomiting,
reduced milk and egg production, impaired reproductive
function, nephrotoxicosis, neurotoxicosis, hepatotoxi-
cosis, abortions, cancer, embryo toxicity and death
(IARC, 2002). The multiple diets of cattle, comprising
conserved feeds, concentrates, and forages can be very
important sources of diverse mycotoxins (Fink-Gremmels,
2008). If domestic animals are fed a contaminated diet
with a particular mycotoxin, there is a high probability of
the "carry-over" of mycotoxin into animal products, such
as meat or milk, intended for human consumption (Fink-
Gremmels, 2008). In many mycotoxins recognized,
aflatoxins are the most deleterious and most surveyed
mycotoxins, which the most attention is directed to them
in the world (Magan and Olsen, 2004; Murphy et al.,
2006).

The objective of the present study was to identify the
fungi associated with feeds in an extensive region of the
main cattle breeding area in lIran, to determine the
species diversity of the dominant mycotoxigenic fungi and
to compare the mycoflora at different husbandries as well
as different seasons. There is no information available
about fungally-contaminated feed in Iran and to the best
of our knowledge; this is the first report on feed mycoflora
and fungal contaminations in different dairy farms in Iran.

MATERIALS AND METHODS
Feed samples

A total of 713 samples from seven different feeds (wheat bran, dried
bread, alfalfa, straw, molasses, barley and concentrate) were
collected over two periods, in summer and winter, from 79
traditional -dairy farms (TDF) and 14 industrial-dairy farms (IDF) in
Hamadan region and were examined in order to determine their
mycoflora as well as to isolate aflatoxin-producing fungi. All
samples were transported to the Mycology Laboratory of Medical
School of Hamadan University within 24 h, stored at 4°C and
protected against light until the day of analysis, which was never
more than 7 days after collection. All of the samples were intended
for animal consumption and did not contain any visible signs of
mold contamination.

Mycological analysis

In order to quantify the fungal flora of the feed samples the dilution
plating method, a simple, rapid and reproducible procedure, was
used. In brief: one gram of finely ground feed was mixed thoroughly
with 9 ml of sterile distilled water, followed by ten-fold serial

dilutions up to 10 & An aliquot (1 ml) of each dilution was spread
over the surface of a petri dish containing 15 ml melted
Sabouraud’s dextrose agar containing chloramphenical. (SC). The
dishes were agitated, allowed to set and incubated at 28°C for 5 - 7
days. The appropriate dilution factor was selected by choosing the
petri dishes containing 10 - 30 colonies. In order to check the
laboratory procedure and precision, all the serial dilutions and the
cultures in SC petri dishes were prepared in triplicate and the mean
of fungal colonies were considered. Totally, three petri dishes were
plated out per sample. In cases where several fungi were isolated
from a single sample, all the colonies were recorded and different

species subcultured onto SC. The results were expressed as colony
forming units per gram (cfu/g) of sample.

Identification of fungi

The fungi of primary interest were Aspergillus species because of
their known ability to produce aflatoxins and their relationship with
human and animal diseases. For the identification of Aspergillus
species subcultures were made on SC and incubated for 5 - 7 days
at 28°C. Final identifications were made following Raper and
Fennell (1965) for Aspergillus species and Pitt and Hocking (1997)
for Aspergillus and Fusarium species. The identification of other
fungal species was based on the macroscopic and microscopic
characteristics of the isolates according to methods of Watanabe
(1994).

Statistical analysis

Statistical analysis was performed using SPSS version 9.0 (SPSS
Inc. Chicago, lllinois). Analyses of variance (ANOVA) and Tukey's
multiple comparison tests were used to compare the means of cfu/g
counts. Student's t -test was applied to verify the effect of the
season and type of dairy farm in cfu/g counts. The Chi Square test
and, if needed, Fisher exact test was used to assess the possible
differences in incidence of fungi in feeds, seasons and types of
dairy farm. The significance level was set at p < 0.05 for all tests.

RESULTS

The results of this study conducted on feeds consumed
from animals including cattle showed that the animals
were exposed to consumption of aflatoxin-contaminated
feeds. A total of 1542 fungal isolates were recovered from
713 feed samples collected from 93 dairy farms in Iran.
Mycological analyses revealed that all the feed sample
were contaminated by diverse fungi. Aspergillus species
(including A. clavatus, A. flavus, A. fumigatus, A.
nidulans, A. niger, A. ochraceous, A. parasiticus, A.
terreus and A. ustus) were the most frequently isolated
fungi representing 37.4% of isolates, followed by
Penicillium (23.7%), Fusarium (17.5%), Cladosporium
(9.1%), Alternaria (4.3%), Rhizopus (3.9%) and Mucor
species (3.4%) and four other fungal genera (Table 1).
The relative density of fungi species isolated from
different feed samples showed that seven Aspergillus
species other than A. flavus and A. parasiticus had the
highest relative density. Generally, the highest relative
density of Aspergillus species was related to straw and
alfalfa respectively for summer and winter seasons (Table
2) . The lowest relative density was related to Fusarium
species with 6.1% of the total isolations. In both seasons,
alfalfa was the highly contaminated feed with 23.20% of
the total isolations (Table 2). Based on frequency,
concentrate showed a considerably highest frequency
(61%) between feeds studied (Table 1).

Results were expressed as colony forming units (cfu)/g
based on the average count of triplicate dishes set and as
rate of incidence. The concentrate feed was the most
contaminated feed with aflatoxigenic Aspergilli for which



Table 1. The incidence rate of Aspergillus flavus and A. parasiticus from different feed samples and seasons in Iran.

Samples examined

Aspergillus flavus

Aspergillus parasiticus

Total positive

Animal feed Total Summer Winter Summer Winter Summer Winter samples
No No No No (%) No (%) No (%) No (%) No (%)
Wheat bran 186 85 101 20(24) 31 (30) 2(2.4) 14 (14) 67 (36)
Dried bread 37 29 8 12(41) 2 (25) ND* ND 14 (38)
Alfalfa 186 90 96 12 (13) 8(8.3) 8 (8.9) 5(5.2) 33 (18)
Straw 171 67 104 6(9) 11(10.6) 3(4.5) 9 (8.7) 29 (17)
Molasses 31 11 20 3(27) 4 (20) 1(9) 1(5) 9 (29)
Barley 84 36 48 8(22.2) 10(20.8) 1(2.8) 5(10.4) 24 (29)
Concentrate 18 10 8 8 (80) 2 (25) ND 1(12.5) 11 (61)
Total 713 328 385 69(21) 68(17.7) 15 (4.6) 35(9.1) 187 (26.2)

* ND, not detected.

Table 2. The relative density of fungi species isolated from different feed samples and seasons in Iran.

Aspergillus spp. other than A. flavus and A. parasiticus Sum.= Summer; Win.= Winter* ND, not detected.

the mean colony counts were 7.25 x 102 and 7.50

x 10 cfu/lg for A. flavus and A. parasiticus,
respectively. Regarding to the seasons, the higher
incidence of these two aflatoxigenic fungi was
seen in winter than that of summer (103 vs. 84)
(Table 1). Despite season and kind of dairy farm,
187 (26.2%) samples were contaminated with

both aflatoxigenic fungi (Table 1) . The most
contaminated feeds with these two Asperdgilli in
summer were concentrate feed (80%) and in
winter was wheat bran (45%) (Table 1). Although,
no significant difference in the incidence rates of
aflatoxigenic fungi were observed among two
types of the dairy farms examined, but the mean

colzony count of aflatoxigenic fungi in IDF (8.19 x
10~ cfu/g) was significantlgl different (p < 0.03)
from TDF (4.33 x 10~ cfu/g) (Figure 1).
Furthermore, statistically significant differences (p
< 0.00001) were observed for the mean of
aflatoxigenic fungi colony count in winter and
summer seasons (Figure 1).
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Figure 1. The mean colony counts of aflatoxigenic fungi in feed samples
collected from different seasons and different dairy farms of Iran.

Regarding to contamination with different fungal genera
isolated, straw and dried bread was the most
contaminated feeds with 16 and 8 fungal genera,
respectively.

DISCUSSION

A previous study on the occurrence of aflatoxin M1 in raw
milk samples obtained from the Hamadan region showed
that AFM; was detected in 119 out of 186 samples
(63.97%)(Ghiasian et al., 2007). The mean concentration
of AFM1 in the contaminated samples was 43.4 ng/L and

14(11.76%) contaminated samples had AFM1 in
concentrations in excess of maximum levels specified in
EU regulations, that is, 50 ng/L (Ghiasian et al., 2007). In
the same study, the contamination ratio of milk reported
was 56.5% and 71.7% in summer and winter months,
respectively. In order to give an explanation for the
occurrence of aflatoxins in raw milk, the present
investigation was initiated to evaluate the occurrence of
aflatoxigenic fungi in cow feeds in the aforementioned
area.

Although, there are many papers describing the
mycoflora of human foods, only a few data on
mycotoxigenic fungi in feedstuff exist. The total fungal
count, especially the aflatoxigenic ones, in animal feed
samples is one of the most important criteria in evaluation
of hygienic quality and the great probability of feed
contamination with mycotoxins (Dalcero et al., 1998).

In our study, Aspergillus species, followed by
Penicillium and Fusarium species were the main fungal
genera isolated from the cow feeds sampled. Similar
results were reported by Oliveira et al. (2006) who
showed that Penicillium spp., Aspergillus spp. and

Fusarium spp. were three most frequent fungi isolated
from poultry feeds of Brazil Likewise, in a study
conducted on the mycoflora determination in poultry feed
samples in Argentina, Dalcero et al. (2006) reported that
the most dominant fungal species isolated, belonged to
the genera Aspergillus. Williams and Bialkowska (1985)
also reported that from 294 feed samples surveyed,
Penicillium accounted for 53% of the fungal isolates,
Aspergillus for 15%, Cladosporium for 8.9%, Mucor for
8.5% and Rhizopus for 4.8% of the isolates. According to
Krnjaja et al. (2008a), 73.94 and 87.10% of animal feed
samples examined in 2007 and 2008 in Serbia were
positive for Aspergillus species. In support of our study,
two recent studies of Krnjaja et al. (2008a,b) carried out
on fungi-contaminated feed in Serbia revealed that
Aspergillus, Fusarium , Rhizopus, Penicillium, Mucor and
Alternaria have been six common fungal genera. But, in
contrast to our finding, Cladosporium spp. were absent in
their investigations. In another survey, Trenholm et al.
(1982) reported that presence of fungal propagules in
animal feeds of Canada was very low.

The higher rate of incidence of A. flavus over A.
parasiticus in Iranian feeds (137 vs. 50) was comparable
with a study in which a total of 198 A. flavus and 15 A.
parasiticus isolates were identified out of 256 feed
samples collected from different parts of Northern India
(Dutta and Das, 2000). In our study, the predominance of
A. flavus isolates in both warm and cold seasons
suggests that it can be easily adapted in various
geographical regions.

Another important point to consider is that this seed-
borne and soil-borne fungus is a rapidly growing that can
resist in low moisture levels (Maciorowski et al., 2007; Pitt
and Hocking, 1997). Similar results about the adaptability
of Iranian A. flavus isolates have also been reported in



Andaman and Nicober Islands in India (Banerjee and
Shetty, 1992).

In the current study, the dominance (23.20%) of
different fungal species in alfalfa in winter is most
probably associated with its storage in wet conditions
soon after harvesting, which has not allowed it to be
dried. In such unhealthy situation, the majority of fungi
especially Aspergillus species can grow and resulting in
mycotoxin production. In accordance to our results,
Chadd (2004) upon conducting a study on microbial flora
of silages in European countries stated that Penicillium,
Aspergillus and Fusarium have been the most frequently
isolated fungal species. This observation is also in
agreement with another study conducted by Bijeli et al.
(2009). In the study carried out by or evi et al. (2003), the
most frequently isolated species from alfalfa silage
belonged to the genera Penicillium, Cladosporium,
Fusarium, Acremonium, Mucor, Botryotrichum and
Strepromyces and in contrast to out study, they did not
isolated any Alternaria species.

The incidence rates of fungal contamination in both
TDF and IDF samples were 70.9 and 66.2%, respectively
and no significant difference was detected in terms of
farm type. The mean colony count of aflatoxigenic fungi in
IDF was significantly higher than in TDF. These results
showed that because of the lack of hygienic regulation,
which should be settled on industrial husbandries, there
was no significant difference between these two
husbandries in Hamadan region. Some studies have
shown that the aflatoxigenic fungi in hygienic animal
farms in some countries such as Canada (Trenholm et
al., 1982) were much less than other countries which the
regulations were not stabilized. In the current study, in
order to find any probable seasonal influence, feed
samples were taken in two different seasons with high
temperature differences. Our previous results showed

that the frequency of AFMi-contaminated milk samples
collected in winter were significantly higher than that of
summer (71.7 vs. 56.5%) (P < 0.02) (Ghiasian et al.,
2007). This finding was confirmed by statistically
significant differences, observed for the mean of
aflatoxigenic fungi colony count in winter and summer
seasons. Generally, all of the surveyed feeds in winter
were significantly contaminated to aflatoxigenic fungi
higher than those analyzed in summer.

Among the Aspergilli genera, one of the important
species identified was A. niger. The potential risk of A.
niger in feedstuff because of mycotoxin production should
also be considered, because studies have shown that
occasional isolates of A. niger can produce ochratoxin
(Abraca et al., 1994).

Furthermore, in this study, Fusarium species were
ranked third among the isolated fungi. The occurrence of
Fusarium spp. in food and animal feed has serious
implications for human and animal health, because of
their ability to produce many important mycotoxins
especially fumonisins, a group of toxic and carcinogenic
metabolites, which the International Agency for Research

on Cancer has designated as Group 2B carcinogens
(IARC, 2002). Based on our previous study on mycoflora
determination of Iranian corn intended for animal
consumption, members of the genus Fusarium were the
most frequent fungal species encountered, as 38.5% of
the 5584 fungal isolates were related to these very
important fungal species (Ghiasian et al., 2004).

As regard to Alternaria species, this is a black
saprophytic fungus widely distributed in the soil and most
frequently found in outdoor air. The occurrence of these
dematiaceous fungi in food and feed suggest that they
may pose a hazard comparable to that of the well known
toxigenic species of Aspergillus, Fusarium and
Penicillium. The toxigenic species of Alternaria have
strong potential for production of alternariol, altenuene,
tenuazonic acid and other toxins (Maciorowski et al.,
2007). In this study, although Alternaria spp. were not the
predominant fungi isolated (4.3%), but their higher
presence (20.75%) in afalfa as a main component of
animal feed in Iran could be a potential threat and is not
negligible. Similar to our results, Krnjaja et al. (2008a)
reported that Alternaria spp. were the least frequent
species (4.93%) of the six fungi genera identified in 2007.
Similar results have also been found in the study
conducted by Bijeli et al. (2010) that 3.6% of surveyed
alfalfa was contaminated with this fungus.

In conclusion, the present study tested the hypothesis
that differences exist between fresh forages used in
summer and the ensiled form used in winter in terms of
contamination with aflatoxigenic fungi. Although the
detection of toxigenic fungi in a substrate does not
necessarily indicate that mycotoxins are naturally
occurring in the feed, it alerts to the potential risk of
contamination. Furthermore, the high frequency of
mycotoxin-producing fungal species in this study
emphasizes the importance of continued research on
feedstuffs contamination with toxigenic fungi in different
parts of Iran.
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