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Abstract: In this study, 42 samples of silage were collected in Qaemshahr city in Iran during fall 2011. Samples

were tested by competitive ELISA for total aflatoxins. Seven samples (16.7%) (Meantse:1.24) from 42 silage
samples were positive with total aflatoxin (1.1-27.3 ppb) in Nov., Dec. and Oct. The highest contamination was
observed in Oct., three samples (21.4%) from 14 samples were contaminated with total aflatoxin by 22.2 ppb,
25.6 and 27.3 ppb. The culture results of samples showed that the most toxinigenic fungi among 57 colonies
were Aspergillus sp. with fifteen (% 31.5), Fusarium sp. With thirteen (% 22.8), Alternaria spp. With twelve
(21.05%), Penicillium spp. with nine (%15.78) and Acremonium sp. with five (8.77%) and also the most
nontoxigenic fungi were cladosporium spp. with fifteen (% 37.5), Rhizopus spp. with nine (% 22.5), Mucor spp.
with six (15%), yeast with six (15%) and Scopulariopsis spp. with four (10%) colonies isolated in culture

medium among 40 colonies of nontoxigenic fungi.
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INTRODUCTION compounds usually discharge from milk, urine and
Aflatoxins are abundant and most toxic feces. Aflatoxins are harmful for humans and
mycotoxins. This toxin can be found in grains such animals such as fish, rodents, cattle, pigs,
as corn, peanut, cotton, soybean, rice, wheat and waterfowl and birds [8]. Aflatoxins are acute toxin,
dairy products such as milk, butter, eggs and meat immunosuppressive, carcinogenic, teratogenic and
[19, 20]. Aflatoxins produce by Aspergillus flavus mutagenic compounds. Aflatoxin was listed
and A. parasiticus in favorable conditions of carcinogen in group I by IACR and WHO [14].
temperature and humidity. Although 20 types of According to FDA, maximum limits of aflatoxin
aflatoxin have been identified, only 4 types (B, B2, are only 20 ppb and consumption of foodstuff with
G and G;) are main types and contaminate foods higher levels of 20 ppb is injurious for animals and
[23]. Aflatoxin M; (AFM,) and aflatoxin M, causes reduction of milk and feed, weight loss,
(AFM,) are oxidative metabolites of AFB,; and prolapsed rectum, preterm delivery and liver
AFB,. These compounds are semi-dihydrofuran or damage [4, 3]. Silage is the most important and
tetrahydrofuran metabolites that bound to coumarin richest food source for ruminants [15]. Many
ring and are produced by liver microsomal researchers have shown that presence of fungi and
enzymes or biotransformation of some species of aflatoxin in animal’s feedstuffs: Simas and his
mammals such as dairy cattle that consume colleagues (2006) in Brazil reported that 33.75%
contamination foodstuffs with aflatoxins. These (27/80) of dairy cattle feeding were contaminated
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with total aflatoxin by 1-3ug/kg. Also in this study

Aspergillus, Mucor, Rhizopus, Fusarium, and
Penicillium were isolated and Aspergillus species
whit frequency 42.5% was more abundant species
[24]. Hadizadeh Moalem and his colleagues (2010)
in Iran showed that 34.89% (384/134) of feedstuffs
were contaminated with aflatoxin B; by 0.4-14
pg/kg [10]. Ghiasian and Maghsood (2011) in Iran
isolated Penicillium (23.7%), Fusarium (17.5%),
Cladosporium (9.1%), Alternaria (4.3%), Rhizopus
(3.9%), Mucor (3.4%) from cow feeds [9].
Consumption of spotty silage by cattle causes
mycotoxicosis and systemic transformations of
toxin into the milk, meat and dairy products causes
economic damage and different disease in animal
and human [19,5]. The purpose of this study was
mycological survey and total aflatoxin analyze in
silage samples in Qaemshahr city (Mazandaran

province, Iran).

MATERIALS AND METHODS
Samples: In this study, 42 silage samples from
livestock in Qaemshahr city were collected in
spring 2011. Total aflatoxin contamination was
analyzed in 14 samples in every month.
Procedure of Extraction: For determination of
toxin in the samples, the samples were dried and
then were grounded to powder, and then 20g mixed
with 100cc of 70% methanol in blender and
shacked continuously for 3 min. After settled, the
extract was filtered with whatman No.1 [21].

The ELISA test: Total aflatoxins (B;, B,, G; and
G,) contamination in the samples was measured by
competitive enzyme-linked immunosorbent assay
(ELISA), by the Agraquant total aflatoxins assay
kit (taken from Romer Singapore Company). In
first step, 200ul of conjugated solutions were added
to uncoated- antibody microplate wells and then
100ul of each standard solutions and samples
extract were added to it. Then 100ul of the this
contents transferred to coated-antibody microplate

wells for 10 min and were incubated at room
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temperature (20-25°C) for 30 min. Aflatoxin in
samples and control standards competed with
enzyme conjugate for binding to the antibody in
solid phase. After washing (any unbound enzymes
conjugation was removed by washing), After
addition 100pul of substrate to each well and
incubation at room temperature for 5 min, blue
color was observed in wells. By using 100 pl of
stop solution, blue color changed into yellow.
Aflatoxin concentration and wells absorbance were
read by the ELISA reader in 450-630 nm.
Information was analyzed by ANOVA using SPSS

software package (p<0.05). Toxin concentration in

the samples was compared with standard
concentration  (according to  manufacturer's
instruction).

Isolation of fungi from silage samples: For
isolation of mycoflora in the samples, an aliquot
(100ul) of each dilution was spread over the
surface of a petri dish containing sabouraud’s
dextrose agar and allowed to set and incubated at
room temperature (20-25°C) for 5-7 days, then
number of colonies was counted and identified

[22,6].

RESULTS
In this study, from 42 samples of silage, 41 samples
were contaminated by different amount of total
aflatoxin (1.1-27.3 ppb). All of 14 samples in Oct.
showed contamination with total aflatoxin and
3(21.4%) samples were contaminated above the
limit of FDA, with 22.2 ppb, 25.6 ppb and 27.3 ppb
(Acceptable limits of total aflatoxin are 20 ppb
according to FDA). Also among 14 samples in
Now. all of them were contaminated and 2 (14.3%)
samples were positive in total aflatoxin with 26.7
ppb and 23 ppb. Of 14 silage samples that were
collected in Dec., 13 samples showed
contamination with total aflatoxin. In this month, 2
samples were contaminated above the limit by 23.4
ppb and 24.3 ppb. Total aflatoxin distribution in

silage in different months showed that in Oct.
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21.4% and Nov. and Dec. 14.3% of samples were
infected by this toxin respectively. Also of 42
silage samples during the three months, 7 (16.7%)
samples were contaminated by total aflatoxin more
than of maximum limit. Also infection rate in
October was more than of other months (Table 1).
The screening of potentially toxigenic fungi from
the silage culture in Sabouraud’s dextrose agar

showed that, of the 57 colonies, Aspergillus with

15 (% 31.5) colonies was most frequently isolated

Table 1: Distribution of total aflatoxin contamination in silage samples

genus, 13 (% 22.8),
Alternaria 12 (21.05%), Penicillium 9 (%15.78)

followed by Fusarium

and Acremonium 5 (8.78%) colonies. According to
results of cultivation nontoxigenic fungi, of 40
colonies, Cladosporium species with 15 (% 37.5),
Rhizopus 9 (% 22.5), Mucor 6 (15%), yeast 6
(15%) and Scopulariopsis with 4 (10%) colonies
respectively, were most nontoxigenic fungi (Table
2).

Month N Positive % Mean+tSe SD Max Min
(>20ppb)

Oct. 14 3 214 2.40 8.98 27.3 1.1

Nov. 14 2 14.3 2.05 7.65 26.7 1.3

Dec. 14 2 14.3 2.12 7.95 243 0

Sum 42 7 16.7 1.24 8.04 27.3 0

SE: Standard Error of Mean, SD: Standard Deviation, N: Number, ppb: ug/kg

Table 2: Distribution of toxigenic and non toxigenic fungi in silage samples

Toxigenic fungi

Fungi Frequency Percent
Aspergillus sp. 18 31.5
Fusarium sp. 13 229
Penicillium sp. 9 15.78
Acremonium sp. 5 8.77
Alternaria sp. 12 21.05
Sum 57 100
Non toxigenic fungi
Cladosporium sp. 15 37.5
Rhizopus spp. 9 22.5
Mucor spp. 15
Scopulariopsis spp. 4 10
Yeast 15
Sum 40 100
DISCUSSION samples of animal feed isolated 10 mold genuses

Silage is one of the most important cattle feeds and
is one of the main sources of fungi. Fungal growth
reduces nutritional value and some mycotoxins
such as aflatoxin and allergenic spores have various
acute and chronic effects on humans and animals
health [22, 1, 27].Thus reducing of fungal growth
[20].
Attitallam and his colleagues (2009) in Libya in 20

and aflatoxin reduction is important
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including:  Aspergillus, Penicillum, Fusarium,

Rhizopus, Mucor, Alternariam, Rhizoctonia,
Pythium, Phyllactinia and Sacharomyces cerevisiae
[1]. Pereyra and his colleagues (2008) in Argentina
from 90 samples of silage isolated Fusarium
(39%), Alternaria (4%), Geotrichum (39%),
Eurotium (% 39), Mucor (39%), Penicillium (39%)

and Yeasts (70%) [18]. in our study, Fusarium
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(22.8%),  Alternaria  (21.05%),  Penicillium
(%15.78), Mucor (15%) and yeast (15%) were
isolated from the samples. Physical properties of
sample and characteristics of silo and samples
collection, also presence of different species spores
and toxin-producer species in different location can
be effective on the type and percent of fungi in our
study environment in compared to other studies [5,
18, 26]. Khosravi and his colleagues (2008) in Iran
reported that the most dominant species that were
isolated from animal feed samples, belonged to
Aspergillus  (56%), Mucor (17%), Penicillium
(15%), Fusarium (6%), Cladosporium (2%) and
veast (4%) [11]. Sassahara and his colleagues
(2005) showed that of 98 silage samples in Brazil,
17 samples were infected by total aflatoxin [25].
According to our study, 41 samples were infected
with different amount of total aflatoxin and 7
samples showed contamination above the standard
limit. Suitable conditions for fungi growth and
toxin production in various regions is different
[12]. Concentrations of aflatoxin in silage or
different foodstuff according to the geographical
areas, seasonal alterations, climatic, water activity
(aW), temperature, pH, moisture and substrate are
different [3, 11, 25]. For example aflatoxin rate in
cold months is higher than the hot months or
Fusarium species cannot survive in the low oxygen
and low pH. Also most Penicillium species grow at
low water activity [2, 9]. Some molds, such as A.
flavus and A. parasiticus can easily grow on feeds
with moisture 13-18%, and environmental moisture
50 - 60% [2]. In our study, 7 samples show
contamination above the standard limit. Low
sanitary of raw materials, low quality of feed and
presence of toxigenic molds particularly 4. flavus
which produces more aflatoxin in feedstuffs, cause
higher level of toxin in the samples [17]. Other
factors such as: plant pathogens, time of harvest,
plant resistance, stresses, soil salinity, insect attack
effective  in

and mineral deficiency are

contamination [12]. Reddy and his colleagues
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(2011) in Malaysia showed that in 80 samples of
animal feeds A. flavus (87%), A. nigra (83%), F.
verticillioides (47%), F. graminearum (43%), F.
proliferatum (42%) , F. equisieti (30%) and
Penicillium sp. (5%) were prevalent fungi in all
samples and aflatoxin B; was detected in 18
(22.5%) samples ( 20.6-135 pg/kg) [21]. In our
study, %27.16 was contaminated by total aflatoxin.
Since some mycotoxins can be produced by more
than one mold species or some fungal species
produce several types of mycotoxins, amount and
type of toxins in diets may be different [15]. Also
difference in methods

analytical causes

disagreement ~ among  researcher's  results,
contamination level of samples and mycotoxin
concentrations [25]. Finally, silage and dairy
products should be protected for fungi growth and
[20].

appropriate methods in agricultural and storage,

mycotoxins Several factors such as
genetic manipulation of host plant and resistant
strains to mold and toxins production, chemicals
measures such as fungicides, insecticides and
herbicides reduce pollution by fungi and
mycotoxins [7, 13]. We hope results in this study
can be effective on management, detection,

reduction of fungi growth and mycotoxin

production in the livestock industry and silage.
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