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Abstract: About 80 corn grain samples used for ammal feeds were collected from 10 states in Malaysia in order

to determine the mycobiota using agar plate assay and mycotoxins (Aflatoxin B, and fumomnisins) by ELISA.
Aspergillus flavus (87%), 4. niger (83%), F. verticillioides (47%), I, graminearum (43%), I, proliferatum (42%),
F. equisieti (30%) and FPenicillium sp. (5%) were the prevalent fungi in all corn samples. Aflatoxin B, (AFB1)
could be detected in 65 (81.2%) corn samples ranging from 1.0-135 pg kg™'. The 18 (22.5%) samples, out of 80
had exceeded AFB1 above the international regulatory limits of animal feeds (>20 pg kg™) ranging from
20.6-135 ug kg™'. Fumonisins were detected in all the corn samples (100%) ranging from 261-2.420 g kg™
Although, only 80 samples were analyzed, they were randomly collected from 10 states in Malaysia. Since there
1s a lack of information from Malaysia and such data are valuable.
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INTRODUCTION

Cormn 1s the world’s third most important crop after
rice and wheat. About half of this is grown in developing
countries where corn flour is a staple food for poor people
and comn stalks provide dry season feed for farm ammals
(Desjardins and Busman, 2006, Roige et al., 2009). In
industrialized countries, corn is largely used as livestock
feed and as raw material for industrial products e.g., in
Malaysia as feed, silage, breakfast food and processing
(breakfast cereals, corn chips, grits and flour), industrial
starch and popcomn. Corm 18 an important feed mgredient
for the livestock industry in Malaysia (Warr ef af., 2008).
It 1s not a staple food crop in Malaysia and 1s totally
umported from Argentina, China, Indonesia and Thailand.
Corn imports have grown rapidly to TTS$398 million in 2006
in response to stronger demand from the livestock
industry (Warr et al., 2008).

Corn 18 also one of the crops subject to the most
critical mycotoxin problems throughout the world.
Mycotoxin production may occur in the field during post
harvest, storage, processing or feeding under appropriate
envirommental conditions. These metabolites are generally
associated with fungi belonging to the genera Alternaria,
Aspergillus, Fusarivn and Penicillium (Osweiler, 2000,
Roige et al., 2009, Reddy et af, 2010). Toxigenic
Alternaria and Fusarium species are often classified as
field fungi while 4spergillus and Penicillium species are
considered storage fungi (Logrieco et al., 2003; Niaz and

Dawar, 2009). The major classes of mycotoxins of concern
in feedstuffs include aflatoxins, Deoxynivalenol (DON)
and other trichothecenes, Zearalenone (ZEN), fumomnisins,
Ochratoxin A (OTA) and ergot alkaloids (Driehuis ef al.,
2008). Of these mycotoxing, DON has the greatest
prevalence in feedstuffs and 1s found in forage feeds in
forage corn mn particular and in ingredients for concentrate
feeds (Whitlow and Hagler, 2005; Driehuis et al., 2008).

Several have
mycotoxins 1 com based feedstuffs. For example,
Tangendjaja et al. (2008) detected several mycotoxins in
corn used by feed mills in Indonesia. In another study,
Bahn found only aflatoxins in corn feed. Yoshizawa ef al.
(1996) found natural occurrence of aflatoxins and
fumomnisins in com in Thailand. Recently, Roige et al.
(2009) detected aflatoxins, DON and ZEA in corn samples
used for pig and cattle feeds in Argentina. However,
mycotoxin reports from Malaysia are scarce. Only recently
aflatoxins has been reported in wheat, barley, peanuts,
mutty products and feed while DON have bheen
recovered from wheat based noodles (Sulaiman et ol
2007, Leong et al, 2009; Moazami and Iap, 2009,
Khayoon et al., 2010; Reddy and Salleh, 2010).

A report by the Food and Agriculture Organization
(FAQ) of the United Nations (FAQ, 2004) on mycotoxin
regulations around the world revealed that at least 77
countries now have specific regulations for acceptable
concentrations of mycotoxins in foods and feeds
(Van Egmond et al, 2007). However, there are no
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mycotoxin regulations for Malaysian feeds till today. The
fact that countries have no specific regulatory limit for
mycotoxins does not mean that the problem 1s ignored.
Several countries have recognized that they have
problems due to mycotoxins and that regulations should
be adopted (Zainidine and Manes, 2009). Mycotoxin
profiles in com and its products from Malaysia are
necessary as it 13 being used as huge quantities of feed in
poultry farms. Thus, the aim of this study was to
determine the mycoflora and mycotoxing in corn grains
mntended to use for ammal feed in Malaysia.

MATERIALS AND METHODS

Collection of corn grain samples and isolation of moulds:
A total of 80 com grain samples mntended to use as ammal
feed were collected from 10 states in Malaysia during
December 2009 to August 2010 (Table 1) and analyzed for
fungal mycoflora using the agar-plate method according
to Reddy et al. (2009) and Lee et al. (2009). About 100
corn grains from each sample were placed on one-half
strength potato dextrose agar medium containing rose
bengal at a concentration of 50 mg L™ for Aspergillus sp.
and on peptone-PCNB for Fusarium sp. and on potato
dextrose agar for other fungal mycoflora. The plates were
incubated at 25+2°C for € days and then the fungal
colonies were counted. The fungal species of each colony
were 1dentified according to the methods by Klich (2002)
for Aspergillus sp., Leslie and Summerell (2006) for
Fusarium sp. and other fungi by Dugan (2006).

Materials: Commercial ELISA kits for AFB1 (5121 AFBlp)
and fumonisins (Agraquant® COQAK 3000) were obtained
from Euproxima (The Netherlands) and Romer Labs Pvt.
Ltd. (Singapore). All other solvents and chemicals were
obtamed from Merck, Darmstadt, Germany.

Sample preparation for mycotoxins analysis: Samples
preparation and test method were conducted according to
manufacturer’s instructions. Briefly, all corn grain samples
were ground to fine powder (<200 pm) and sub-samples of
20 g were mixed with 60 mL of 80% methanol for AFB1 and
100 mL of 70% methanol for fumorusins and shakenin a
warling blender at high speed for 3 min. The extract was
allowed to settle and then filtered through a Whatman
No 1 (Whatman International Ltd., England) filter paper.
The filtrate was diluted to 1:6 and 1:20 with distilled water
for ELISA analysis.

Determination of AFB1 by ELISA: According to
manufacturer’s instructions, standard solutions and
prepared samples (50 ul.) were added to microtiter wells in
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duplicate followed by 25 ul. of conjugate (Aflatoxin-HRP)
and 25 pL of antibody (antt AFB1). After 60 min
incubation at 37°C, the wells were washed 3 times
with 300 uL. of nnsing buffer. Substrate (100 pl.) was
added to each well and incubated at room temperature for
30 min. Following the addition of stop selution (100 ul.) to
each well, the intensity of the resulting yellow color was
measured at a wavelength of 450 nm using 96 well plate
reader (Robonik®, India). The detection and quantification
limits were 0.5 and 0.75 ug kg ™', respectively.

Determination of fumonisins by ELISA: According to
manufacturer’s instructions, a sufficient number of
microtiter wells were inserted into the microwell holder for
standards and samples to be run m duplicate. Briefly,
standard solutions and prepared samples (100 uL) were
mixed with 200 pl. of conjugate in individual dilution wells
and then 100 ul. from each dilution well was transferred to
respective antibody-coated well. After 10 min incubation
at room temperature wells were washed 5 times with
250 pL distilled water. Substrate (100 pL) was added to
each well and incubated at room temperature for 5 min.
Following the addition of stop sclution (100 pl.) to each
well, the intensity of the resulting vellow color was
measured at a wavelength of 450 nm using 96 well plate
reader (Robonik®, India). The detection and quantification
limits were 200 and 250 ug kg ™', respectively.

Calculation of mycotoxin concentration: The absorbance
values obtained for standards and the samples were
divided by the absorbance value of the first standard
(zero standard) and multiplied by 100 (percentage of
maximal absorbance). The absorption mtensity was found
to inversely proportional to mycotoxin concentration in
the samples. The log-logit sheets supplied with the kits
were used to generate a standard curve and to calculate
the concentration of both toxins in each sample.

Method validation: Validation of ELISA method was
carried out by determination of recoveries of
uncontaminated samples spiked at 2.5 and 5 ug kg™ for
AFBI1 and 250 and 500 pg kg™ for fumonisins. The
Repeatability (RSDr) and Reproducibility (RDS;) were also
calculated at spiking levels as mentioned above. The
repeatability was estimated under repetitive conditions at
the same day while reproducibility was estimated at time
intervals (at 6 different days of the month).

RESULTS

Co-occurrence of moulds in cornm grain samples:
Co-occurrence of fungal mfection in com samples are
shown in Table 1. dspergilus and Fusarium sp. are the
frequent fungal contaminants in all corn samples.
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Table 1: Mycoflora content of corn samples from Malay sia

Place of

No. of colonies detected (%6 infection)

sample

collection Samples collected A f A i F ve F gr F. pr F. eq Pen
Johor 8 800 (100) 800 (100) 35244 452 (56) 365 (46) 258 (32) 0 (0.0)
Kedah 6 600 (100) 600 (100) 454 (76) 258 (43) 258 (43) 205 (34) 102 (17.0)
Kelatan 8 800 (100) 652 (81) 422(53) 365 (46) 256 (32) 365 (46) 45 (6.0)
Melaka 10 627 (63) 661 (66) 321 (32) 150 (15) 562 (56) 121 (12) 20 (2.0)
Pahang 7 700 (100) 464 (66) 362(52) 452 (64) 452 (64) 212 (30) 0 (0.0)
Pedas 4 400 (100) 400 (100) 255 (64) 125 (31) 125 (31) 106 (26) 0 (0.0)
Penang 15 1,500 (100) 1,500 (100) 69847 856 (57) 458 (30) 365 (24) 125 (83)
Perlis 7 456 (65) 373 (53) 245(35) 356 (S1) 325 (46) 253 (36) 25 (3.6
Perak 8 405 (51) 494 (62) 264 (33) 258 (32) 312 (39) 362 (45) 60 (7.5)
Selangor 7 696 (99) 664 (95) 358(51) 189 (27) 236 (34) 165 (23) 22 (3.
Total 80 6,984 (87) 6,608 (83) 3,731 47D 3,461 (43) 3,349 (42) 2,412 (30) 399 (5.0

A f1= A flavus, A. ni = A. niger, F. ve = F. verticillioides, F. gr = F. graminearum, F. pr = F. proliferatum, F. ep = F. equisieti, Pen = Penicillium sp.

Aspergillus flavus (87%) and 4. niger (83%) were the
most frequently found species bemng present in all
samples followed by F. verticillioides (47%), F.
graminearum (43%), F. proliferatum (42%), F. equisieti
(30%) and Penicillium sp. (5%) (Table 1). In some
samples, Mucor and Rhizopus species overgrew all other
fungi and inhibited colony development of others. A total
of 409 fungal isolates including Aspergillus sp. (160),
Fusarivm sp. (240) and Penicillium sp. (9) were recovered
and purified using the single spore techmque and stored
in the culture collection centre at Universiti Sains
Malaysia for further studies. The occurrence of 4. flavus
(100%) was high in the samples collected from Johor,
Kedah, Kelatan, Pahang, Pedas and Penang whereas
A. niger (100%) in samples from Johor, Kedah, Kelatan,
Pedas and Penang (Table 1). Highest occurrence of
F. verticillioides (76%), F. graminearum (64%), F.
proliferatum (64%), F. equisieti (46%) and Penicillium
sp. (17%) was observed in the samples collected from
Kedah, Pahang, Pahang, Kelatan and Kedah, respectively
(Table 1).

Co-occurrence of mycotoxins in corn grain samples: The
ranges with the number of samples positive for each
mycotoxin are shown in Table 2. Aflatoxin B, (AFBI1)
could be detected in 65 (81.2%) corn samples ranging
from 1.0-135.1 pg kg™ About 18 (22.5%) samples, out of
80 had exceeded AFBI above the international regulatory
limits of animal feeds (=20 pg kg™ ranging from
20.6-135 pg kg™

The highest AFB1 levels were detected in samples
collected from Penang (up to 135 pg kg™") and Melaka
(up to 120 ug kg™") (Table 2). Fumonisin levels detected
inall com samples (100%) were below the internationally
permissible limits (<3.000 g kg™) fixed for corn based
animal feed ranging from 261-2.420 pg kg™ The highest
fumonisin levels were detected in samples collected
from Melaka (2.420 pg kg™ followed by Penang
(2.370 pg kg™,
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Table 2: Mycotoxins detected in comn samples

AFB1 Fumnonisins

Place of sample  Positive Range Positive Range

collection samples (ngke™ samples (ugke™
Johor & 3.0-29 8 280-690
Kedah 6 1.0-19 6 310-350
Kelatan 7 2.0-16 8 340-895
Melaka 8 5.0-120 10 270-2,420
Pahang 5 16-19 7 331-505
Pedas 4 2.0-33 4 204-580
Penang 14 3.0-135 15 280-2,370
Perlis 6 6.0-32 7 359-860
Perak 5 1.0-6.0 8 440-615
Selangor 4 3.0-49 7 261-288
Total a5 1.0-135 80 261-2,420

Table 3: Recoveries of mycotoxing from spiked samples

Mycotoxin Recovered  Percentage Repeatability Reproducibility
spiked (ug kg™ recovery  (RSDr, %) (RDSg, %)
AFB1 2.25+0.91 90.0+£2.65 1.4 6.2
2.5pgkg™

AFB1 4.65+0.22 93.0+1.26 1.9 4.2

(5.0 pgkg™)

Fumonisins 235.6+2.65 94.243.65 2.6 8.4

(250 pgkg™)

Fumnonisins 488.6+1.12 97.7£1.25 21 9.5

(500 pg ka™)

Values are average of three replications with standard deviation

Recoveries of mycotoxins from spiked samples: The
average recoveries with SDs were 90.042.65% to
93.0£1.26% for AFB1 and 94.243.65 and 97.741.25%
for fumomsins, respectively. The repeatability and
reproducibility were in the range of 1.4-2.6 and 4.2-9.5%
for both mycotoxins tested (Table 3).

DISCUSSION

Mycotoxigenic fungi belonging to Aspergillus,
Fusarium and Penicillium are the most frequently isolated
from com grains throughout the world (Gluasian ef af.,
2006, Roige et al, 2009). Aspergillus and Fusarium
species are also known to cause diseases in corn called
Aspergillus ear rot and Fusarium ear rot, respectively
(Naidoo et al., 2002; Logrieco et al., 2007).
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Recently, Roige et al (2009) reported that
Penicillium (70%), Fusarium (47%) and Aspergillus
(34%) were the most frequent and abundant genera in
com grain samples used for cattle and pig feed in
Argentina. Tn another study, Fusarium and Pesicillivum
genera were the most prevalent taxa of the internal
seed-borme mycobiota in com seed samples obtained
from five different production regions m Argentina
while dspergillus genera was found at low frequency
(Gonzalez et al, 2001). Domijan et al. (2005) reported
most of the maize gran samples were contamimated
with Fusarium and Pernicillivm sp. and few samples
contaminated with Aspergillus sp. in Croatia. Tapia et al.
(2005) reported that Penicillim sp. was the most
prevalent species in comn based feed. In the present
study, Aspergillus sp. was the dominant fungi in all
corn samples followed by Fusarium and Penicilliim sp.
Differences in geographical and environmental conditions
might be responsible for the differences in fingal
distribution. However, the results are in agreement with
that previous report indicating that Aspergillus was the
most prevalent moulds isclated from feed in Europe
(Krustev and Kristov, 1981).

The results showed that 4. flavus (B7%) was
dominant in all most all the com grain samples followed
by A. niger (83%). These results are m agreement with the
previous findings by Trung et al. (2008) who had reported
A. flavus as the most frequent contaminant in 90% of their
maize samples in Vietnam. Similarly, Niaz and Dawar (2009)
found 70% of their maize samples from Pakistan were
contaminated with Aspergillus and Penicillium sp.
Gonzalez et al. (2008) also reported Aspergillus sp. was
the most dominant genera in corn samples in Argentina.
Tn ancther study, Purwoko et al. (1991) observed 4. flavus
and A. parasiticus were the most dominant fungi in com
feed from Indonesia. Similarly, Dutta and Das (2001)
1solated aflatoxigemc A. flavus and A. parasiticus n feed
derived from com m India. Desjardins and Busman (2006)
stated that maize is frequently contaminated with
Fusarium sp. mainly F. verticillioides and F. proliferatun:
which produces fumonising and F. graminearum which
produces trichothecenes mainly nivalenol and DON in
Nepal. Recently, Dorn et al. (2009) recovered 16 different
Fusarium sp. from kernels and 15 species from stem
pleces n Switzerland. In this study, we observed the
above said three Fusarium sp. m all the corn samples.
Apart from these we also recovered F. equisieti which is
respensible for production of ZEN m all corn samples.

Several researchers frequently detected aflatoxins,
fumenising, DON, ZEN and trichothecenes in corn grains
and its products throughout the world (Pietri et al., 2009;
Do et al., 2009, Khayoon ef al., 2010). In the study, 80
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corn grain samples used for animal feed collected from
various states in Malaysia were evaluated for AFB1 and
fumomsms contamination. More recently, Khayoon et al.
(2010) detected only aflatoxms in various ammal feeds in
Malaysia. They found total aflatoxins in corn (8.6 pg kg™
and corn germ meal (45.6 pg kg™"). In the study, AFB]
was detected mn 65 (81.2%) samples ranging from
1.0-135 pg kg About 18 (22.5%) samples had exceeded
AFBI1 levels above the legal limits of many countries
(=20 ug kg™") whereas fumonisins in all com samples were
below the regulatory limits.

Surveys from other countries have reported the
occurrence of aflatoxins in corn and related products from
Brazil (Sekiyama et al., 2005), China (Li e¢ al., 2001), India
(Shetty and Bhat, 1997), Italy (Pietr1 et al., 2009), Nigeria
{Bankole and Mabekoje, 2004, Mamula et al., 2009),
Tukey (Castells et al., 2008) and USA (Rosen and Rosen,
1984) and the contamination of animal feeds has been
reported n Greece, Turkey (Aycicek et al., 2005).

The results showed that presence of fumomsimns in all
corn samples ranging from 261-2.420 pg kg™'. These
results are in agreement with the previous findings of
Nuryono et ad. (2002) who had reported fumonisins in 16
corn based feed samples out of 17 ranging from
17.6-3.306 ug kg™ in Indonesia. Gonzalez ef al. (2008)
reported FB1 and FB2 m all feed and cormn samples used
for pig feed in central Argentina whereas all samples were
negative for aflatoxins and ZEN.

Recently, Dom et al (2009) found high
concentrations of fumonising in all maize kernels ranging
from 2.5-22.8 mg kg~ in 2005 and from 9.9-28. 6 mg kg ' in
2006. Charcenpornsook and Kavisarasai (2006) detected
AFBI in 23/25 samples (average of 7.56 pg kg ™), OTA in
3/10 samples (10.48-12.35 pg kg™"), DON in13/15 samples
(3377 ug kg™ and T-2 toxin in all 10 samples
{6.91 ug kg™ of animal feedstuffs in Thailand. Samples of
maize (118) imported mto Taiwan were detected for FB1
and found 8 (6.8%) samples contain FB1 renging from
334-1.614 pg kg~ (Tseng and Liu, 2001 ). However, further
studies are warranted to analyze mycotoxins in large
number of feed samples to develop suitable management
strategies.

CONCLUSION

The results showed that corn grain samples intended
to use for animal feed in Malaysia were contaminated with
moulds and mycotoxins. More than 50% of comn
samples were found contaminated with mycotoxins.
About 18 (22.5%) samples, out of 80 had exceeded the
AFBI above the legal limits of Argentina, Australia, Brazil,
India, Netherlands and USA (>20 pg kg™"). Fumonisin
levels in all corn samples were below the international
acceptable limits in animal feeds. However, the detection



J. Anim. Vet. Adv., 10 (5): 668-673, 2011

of small quantities in all the corn samples warrants further
investigations as the total usage of comn derived feed in
livestock industry is very high in Malaysia. A possible
reason for the occurrence of moulds and mycotoxing is
the inappropriate storage during production. Based on the
results of this study, we can expect that there is a
mycotoxin problem for livestock industry in Malaysia.
However, livestock industries in Malaysia should develop
mycotoxin detection methods by themselves or they
should send samples to mycotoxin detection laboratories
to confirm that their feedstuffs are negative for
mycotoxins.

We hope this study will facilitate towards the
development of regulatory limits and proper storage
structures and suitable management practices in the

country.
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