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Abstract: Aflatoxin in roughage, concentrates and compound feed from dairy farms located in Erzurum province, and the
presence of Aflatoxin M; (AFLM3) in the milk of animals fed with these feeds were determined in four different seasons. The
mean level of Aflatoxin M; detected in milk samples was 0.03 ppb. Aflatoxin M; levels in the milk samples taken from the
holdings were lower in autumn and summer (0.02 ppb) compared to winter and spring (0.04 ppb). The total aflatoxin levels
in feed samples were higher in spring and summer, compared to autumn and winter. Furthermore, Aflatoxin B; (AFLB,)
levels in roughage, concentrate and compound feed were significantly higher in spring and summer, compared to autumn
and winter (P<0.01). The results obtained in this study demonstrated that Aflatoxin B; received with compound feed by
cattle led to a carry-over of Aflatoxin M; into milk at a level of 1.219+0.4139%. The mycotoxin levels detected were below

the maximum residue limits laid down in the Turkish Food Codex.
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Erzurum Bélgesinde Siit Sigin isletmelerinden Alinan Kaba, Konsantre, Karma
Yem ve Siit Orneklerinde Aflatoksin Diizeyleri

Ozet: Erzurum bélgesinde bulunan siit sigiri isletmelerinden kaba, konsantre ve karma yemde aflatoksin ve bu yemlerle
beslenen hayvanlarin siitinde Aflatoksin M; (AFLM;) varligi dort farkli dénemde tespit edildi. Stt 6rneklerinde tespit edilen
ortalama aflatoksin diizeyi 0.03 ppb’dir. isletmelerden alinan siit rneklerindeki aflatoksin diizeyleri ki ve ilkbaharla (0.04
ppb) mukayese edildiginde sonbahar ve yazin (0.02 ppb) disik bulundu. Yem 6rneklerindeki total aflatoksin dizeyleri kis ve
sonbahar ile mukayese edildiginde ilkbahar ve yazin daha ylksek bulundu. Bundan baska, kaba, konsantre ve karma
yemlerdeki Aflatoksin B; (AFLB;) diizeyleri sonbahar ve kis ile mukayese edildiginde ilkbahar ve yazin énemli derecede
yuksek bulunmustur (P<0.01). Bu ¢alismada elde edilen sonuglar karma yemde aflatoksin B; e maruz kalan sut sigirlarinin
sttline % 1.219+0.4139 oraninda gectigi tespit edildi. Tespit edilen mikotoksin diizeylerinin Tirk Gida Kodeksi tarafindan
belirtilen sinirlarin altinda oldugu tespit edildi.

Anahtar kelimeler: Kaba, Karma, Konsantre yem, Mikotoksin, Sit.
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INTRODUCTION

n the past decades, aflatoxins giving their
I negative impact on animal health and animal
health economics have drawn great attention, and
the potential risk of their residues pose for public
health (Kaya, 2007). Apart from the significance they
bear for animal nutrition, feed stuffs also constitute

and
Under

inappropriate growth, harvesting, processing and

a favourable medium for the growth

reproduction of microorganisms.
storage conditions, the feed may be contaminated
with microorganisms. The microbial contamination
of feed may result in the spoilage and loss of
nutritional value within a short period of time, and
may also damage the health of animals. As a result
of their metabolism, some fungi produce and
release into the environment they reproduce, toxic
substances referred to as “mycotoxins” (Steyn and
Stander, 1999).

The two compounds of mycotoxins, firstly,
which were observed to give blue fluorescence
under ultraviolet (UV) light were named as AFLB:
(Aflatoxin B1) and AFLB: (Aflatoxin Bz), and the other
two compounds determined to give yellowish green
fluorescence were named as AFLG: and AFLGa.
Later, it was ascertained that a derivative of these
toxins was found in the milk of dairy animals fed
with aflatoxin-contaminated feed. Owing to its
presence in milk, this toxin was named as the “milk
toxin”, in short Aflatoxin M. Research on Aflatoxin
M has shown that this metabolite is a 4-hydroxy
AFLB:1 and AFLB;, thus,
compounds, referred to as AFLM1 and AFLM: have
been isolated (Wood 1991; Van Egmond 1994).

Based on these data, the maximum limit of AFLM1

derivative of two

allowed in milk has been set as either 0.05 or 0.5
ppb in several countries (Arbillaga et al., 2007). In
Turkey, the Communiqué No. 2009/22 Amending
the Communiqué No. 2008/26 on the Maximum
Limits of Contaminants in Food Substances, which
was published in the Official Gazette in 2009 lays
down the maximum limits of aflatoxin allowed in

various food products. Accordingly, the maximum

limit of aflatoxin has been set as 5.0 pg/kg for nuts,
8.0 ug/kg for groundnuts, 2.0 ug/kg for cereals, and
0.050 pg/kg (AFLM1) for milk. The most recent legal
arrangement  regulating  this the
Communiqué No. 2009/22 published in 2009, which
is still in force (Anonymous, 2009).

issue is

It has been reported that, across the globe,

around 4.5 million people are exposed to
uncontrollably increasing chronic aflatoxicosis
(Williams et al.,, 2004). Researches conducted

suggest that the exposure to AFLB: and the
development of primary hepatocellular carcinoma,
which is the seventh most common type of cancer
in the world, are associated with each other or that
the exposure to Aflatoxin Bi1 is the most influential
factor on the development of this type of cancer
(Vidyasagar et al., 1997).

this

determine, for different seasons, the mycotoxins

Therefore, study was conducted to
(total aflatoxin and aflatoxin B1) found in roughage
and concentrate feed stored at dairy farms in
Erzurum province, and the presence of AFLM1 in the
milk of dairy cattle fed on a mixed ration of

concentrate and roughage feed.
MATERIALS and METHODS

Collection of Feed and Milk Samples

This study was conducted in 11 farms. It was
considered an example of each holding. Feed and
milk samples were taken separately an example
from each holding in spring (April), summer (July),
autumn (October) and winter (December) in 2011
years. Samples of roughage, concentrate and mixed
feed ration (roughage + concentrate feed provided
to the animals in feed troughs) were collected into
sterile plastic sample bags (in volumes of
approximately 50 g). Ten-ml milk samples from milk
thanks were placed into sterile sample tubes and
transferred to the laboratory under cold chain
conditions. In order to determine the total aflatoxin
and AFLB: levels, the feed samples were stored in a

deep freezer until analysed.
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Kits Used in the Analysis of the Feed Samples

All samples (milk and feed) were analysed
using the ELISA method. The test kits used in the
analyses were the Aflatoxin Low Matrix Detection
Kit (Helica Biosystem INC; Cat. No: 981AF01LM) for
total aflatoxin, the Aflatoxin B: Detection Elisa Kit
(Helica Biosystem INC; Cat. No: 941BAFL0O1B1) for
AFLB1, and the Aflatoxin M1 Assay Elisa Kit (Helica
Biosystem INC; Cat. No: 961AFLMO01M) for AFLM:.
The protocols described by the manufacturer (Helica
Biosystem INC) were applied to determine the

aflatoxin levels in the samples collected.

Statistical Analysis

The SPSS v19 statistical software (SPSS 2010)

was used for the analytical and descriptive analyses
performed in this study.

RESULTS

The assessment of the impact of seasons on

the level of total aflatoxin in

demonstrated that the lowest level was determined

roughage

in autumn, followed by summer and winter, with
found in spring (P<0.01). The
results obtained showed that the total aflatoxin

the highest level

levels detected in the concentrate and compound
feed in autumn and winter were lower than those
determined in spring and summer (P<0.01). The
mean level of total aflatoxin was 6.692 ppb in
roughage, 6.013 ppb in concentrate feed and 7.835
ppb in compound feed (Table 1).

Table 1. The levels of total aflatoxin and AFLB1 in roughage, concentrate and compound feed with respect to

season (ppb).

Tablo 1. Mevsimlere bagl olarak kaba, konsantre ve karma yemlerde AFLB1 ve total aflatoksin diizeyleri (ppb).

Seasons Spring Summer Autumn Winter SEM P
n 11 11 11 11

RFTA 7.955° 6.825° 5.912¢ 6.076° 0.1930 *x
Con.FTA 6.757° 6.6932 5.197° 5.405° 0.2200 ok
Com.FTA 9.187° 8.811° 6.075° 7.267° 0.2630 ok
RF AFLB: 4.539? 4.429° 1.244° 1.240° 0.0280 *x
Con.F AFLB: 2.904° 2.852? 1.455° 1.487° 0.0930 *x
Com.FAFLB:1 3.8352 3.577° 1.622¢ 2.488° 0.0650 ok
M AFLM; 0.04° 0.02° 0.02° 0.04° 0.00 *x

**:. P<0.01; > b < Differences between the mean values shown with different superscripts in the same column were
statistically significant. RFTA: Roughage Feed Total Aflatoxin; Con.FTA: Concentrate Feed Total Aflatoxin ; Com.FTA:
Compound Feed Total Aflatoxin; RF AFLB1: Roughage Feed AFLB;; Con.F AFLBi: Concentrate Feed AFLB;; Com.F AFLB;:

Compound Feed AFLB;; M AFLM; : Milk AFLM;

The effect of season on the AFLB: levels of all
of the feed types sampled from the holdings was
found significant (P<0.01). The AFLB:

roughage that the levels detected in autumn and

level in

winter were lower than those determined in spring

and summer. Similarly, the AFLB: levels found in the

concentrate feed in autumn and winter were also
lower than those detected in spring and summer.
The compound feed included the lowest AFLB: level
in autumn, followed by winter, spring and summer
(P<0.01). Furthermore, the season on the AFLM:

levels detected in milk samples was determined as
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significant (P<0.01) and the mean AFLM: level in
milk was found to be 0.04 ppb in spring and winter
and 0.02 ppb The

differences between the seasons in terms of AFLM1

in summer and autumn.
levels in milk were detected to be highly significant
(P<0.01) (Table 1).

DISCUSSION and CONCLUSION

In the past 40 years, the understanding of the
significance of mycotoxins has led to multiple
studies having been conducted on the mycotoxin
contamination of plant products, animal feed, milk
and milk products and poultry products (Demirer et
al., 1979; Karakaya and Atasever, 2010).

The assessment of the effect of seasons on the
mycotoxin contamination levels of roughage
revealed that AFLB: levels in roughage were lower in
autumn and winter, compared to summer and
spring. Similarly, AFLB:1 levels in concentrate feed
were also observed to be lower in autumn and
winter, when compared to spring and summer. In
compound feed, AFLB:1 level was the lowest in
autumn, followed by winter, spring and summer
(P<0.01). Given the seasonal pattern of Erzurum
province and the harvest of particularly the feed
crops used as roughage in autumn and the adequate
drying of these crops prior to storage, it is
considered that the season presenting with the
lowest risk of mycotoxin contamination at storage is
autumn. During the winter season, owing to the
storage period after harvest not being very long and
the temperature being low, conditions were not
favourable for fungal growth, thus marked levels of
mycotoxin contamination were not detected in all
the feed types. In Erzurum province, the winter
season begins shortly after harvest and lasts for a
relatively longer period, compared to the other
geographical regions of Turkey. Thus, the coming of
spring in this province is observed at a later period
of the year. In the present study, the assessment of
the the

contamination levels of roughage and concentrate

impact of seasons on mycotoxin

feed demonstrated that AFLB1 levels were lower in

autumn and winter, in comparison to spring and
summer. The level of AFLB:1 in compound feed was
the lowest in autumn, followed by winter, spring
and summer (P<0.01). AFLB1 determined at higher
levels in compound feed during spring and summer,
compared to autumn and winter, was attributed to
higher weather temperatures and humidity rates as
well as to the poor hygiene of feed troughs.

(1979),
aflatoxin analyses in compound feed and feed stuff

Demirer et al. upon performing
samples (n=92) reported that the presence of AFLB:
was detected in only one sample at a level of 30
ppb. Shreeve and Patterson (1977), determined
AFLB1 at a mean level of 0.05 ppm in barley used as
a feed stuff. Shotwell et al. (1969a,b), found 3-19
ppb AFLB1 in 35 out of 1311 maize samples and 7-10
ppb AFLB: in 2 out of 866 soybean samples. In a
study conducted by Karakaya and Atasever (2010),
in Erzurum province, AFLB1 was reported in 3 out of
72 feed samples (4.16%), and it was indicated that
the AFLB: levels found in the remaining samples
were below the maximum residue limit laid down in
the national legislation. In the present study, the
assessment of the AFLB: levels detected in all
roughage, concentrate and compound feed samples
taken from the holdings included in the present
study were below the maximum limit set for AFLB:
in the Turkish Food Codex (5 ppb). The findings
reported by some researchers (Shreeve and
Patterson 1977; Demirer et al., 1979; Karakaya and
Atasever, 2010) for Aflatoxin B levels were similar
to the results obtained from the present study.

The World Health Organization (WHO) and the
United Nations Food and Agriculture Organization
(FAQ) have set the maximum level of AFLB: that
may be allowed in milk as 0.05 ppb (Ruigian et al.,
2004). In Turkey, similarly, the maximum limit of
AFLB1 in milk has been laid down as 0.05 ppb in the
national legislation (Anonymous, 2009).

It was determined that the carry-over rate of

Aflatoxin Bi1 in feed into cows’ milk in the form of

AFLM1
AFLB1

AFLM: was 1.219+0.04139% [( ) +100].
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In a two-year study conducted in Russia by
Tutelyan et al. (1989) for the investigation of the
presence of AFLMi in milk and milk products
(n=250), it was ascertained that the levels of this
mycotoxin did not exceed 0.05 ug/L in any of the
samples. In another study carried out in Germany,
of the pasteurized milk samples collected from the
market and analysed for AFLM:1 (n=473) only 19
presented with a contamination level exceeding
0.05 pg/L (Heeschen et al.,, 1990). In a study
conducted in the USA, AFLM1 was
of the 182 milk and milk product samples analysed

detected in any

for the presence of AFLM1 (Anonymous, 1992). In
Turkey, several studies have been performed to
investigate AFLM1 levels in milk (Demirer et al.,
1979; Dagoglu et al., 1995; Sarimehmetoglu et al.,
2000; Bakirci, 2001; Ozkaya et al., 2002; Mavus,
2003; Akdemir and Altintas, 2004; Gurbay et al.,
2005; Karakaya and Atasever, 2010). Demirer et al.
(1979) reported that no detectable levels of AFLM1
were encountered in any of the 150 raw milk
samples analysed. In another study, in which 90 milk
samples were taken from the Faculty of Agriculture
79

determined to contain AFLM1 and in 35 of these

of Yaziinci Yil University, samples were
samples the mycotoxin level was found to be above
the maximum limit (0.05 ppb) (Bakirci, 2001). In an
investigation performed on 360 raw milk samples
taken from various provinces of Turkey, 159 of the
samples (44.3%) contained AFLM: at a maximum
level of 1.4 pg/L and 48 of these (13.3%) were
contaminated with the levels exceeding the
maximum limit allowed in Turkey (Ozkaya et al.,
2002). Out of 85 pasteurized milk samples, 75
(88.23%) were determined to contain AFL and in 48
of these samples (64%) the aflatoxin levels were
above the maximum limit set in Turkey (50 ng/kg™)
(Sarimehmetoglu et al., 2000). In an investigation
conducted in 2003 in Kayseri province, out of 90
milk samples analysed, 15 were detected to be
contaminated with AFLM;: the
maximum limit set in the Turkish Food Codex

(50ppb) 2003).

levels above

(Mavus, In another research

conducted in Ankara province, 48 raw milk samples
were analysed for AFLM1 and 70.83% of the samples
were determined to contain AFLM3, 33.3% of which
were contaminated with the levels exceeding the
in Turkey (0.05 ppb)
(Akdemir and Altintas, 2004). In an investigation

maximum limit allowed
carried out in the same region, only 1 sample was
detected to contain an AFLM: level above the
maximum limit laid down in the Turkish Food Codex
(Gurbay et al., 2005). Another study reported that
none of the 72 milk samples analysed contained
AFLM: levels exceeding the legal maximum limit
(Karakaya and Atasever, 2010). The results obtained
herein demonstrated the presence of AFLM; in all
the milk samples analysed, but within the legally
allowed limits. The general mean value of AFLM:
was calculated as 0.003 ppb. The results of the
present study differed from the findings reported by
(Dagoglu 1995;
Sarimehmetoglu et al., 2000; Bakirci 2001; Ozkaya
et al.,, 2002; Mavus, 2003; Akdemir and Altintas,
2004)
reported by others (Demirer et al., 1979; Tutelyan et
al., 1989; Heeschen et al.,, 1990; Gurbay et al.,
2005). Furthermore, the results of the present study

some researchers et al,

and displayed similarity to the results

were observed to be in parallel with another study
conducted by Karakaya and Atasever (2010) in the
same region. Multiple studies have demonstrated
Aflatoxin M1 levels in milk to vary with season (Van
Egmond, 1989; Wood, 1991; Bakirci, 2001; Ozkaya
et al., 2002; Akdemir and Altintas, 2004; Kamkar,
2005). Due to the concentrate feed either being
added at lower levels or not being incorporated into
the feed ration of dairy animals in summer (Wood,
1991; Sarimehmetoglu et al., 2003) and in view of
dairy cattle consuming greater amounts of
compound feed in winter and spring compared to
summer and autumn, it has been reported that
higher levels of AFLM: are indicated in milk during
the cold seasons, compared to the warm seasons.
The

mycotoxin contamination revealed that the highest

comparative assessment of seasons for

level of contamination was observed in spring with
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differences between the other seasons as well
(Ozkaya et al., 2002). In a study conducted in Iran,
111 raw milk samples were analysed for aflatoxin,
and it was determined that in 85 of these samples
AFLM; levels ranged between 0.015-0.28 ug/l. The
lowest aflatoxin level was determined in August and
the highest level was measured in December. Levels
of AFLM: were found to be higher in January,
February, April and December compared to the
remaining months of the year (Kamkar, 2005). The
results obtained for AFLM: levels in the present
study were in parallel with those previously
reported by other researchers (Wood, 1991; Bakirci,
2001; Ozkaya et al., 2002; Akdemir and Altintas,
2004; Kamkar, 2005). The existence of a positive and
of AFLB:1

ingested by cattle in feed and the level of AFLM1in

linear correlation between the level
milk has been confirmed by several researchers. The
same researchers have pointed out that this
correlation may vary with individual cattle, milking
time and interval. Research on the carry-over of
mycotoxins found in contaminated feed into milk
has demonstrated that the level of carry-over of
mycotoxins from feed into milk varies (Van egmond,
1989; Wood, 1991; Van Egmond, 1994; Gremmels,
2008). Hui (1992) reported that, in case of the
presence of AFLB: at a level of 20 g/kg in feed, the
carry-over of AFLM1 into milk occurred at a level of
0.06 g/kg AFLMi. Rodricks and Stoloff (1977)
indicated that the concentration of AFLB:1 in feed is
34-1600 times greater than the concentration of
AFLM1 in milk. In various researches, this rate has
been reported to be 0.8-2.2% (Patterson et al.,
1980; Sarimehmetoglu and Kiipluli, 2004). In the
present study, the level of the carry-over of AFLB: in
compound feed into cows’ milk in the form of
AFLM:1 was determined as 1.219+0.4139%. This
result is in parallel with the values previously
reported by other researchers (Patterson et al.,
1980; Sarimehmetoglu and Kiiplalt, 2004).

In conclusion, the assessment of the total
aflatoxin and AFLB1 levels indicated in feed and the
AFLM: levels detected in milk demonstrated that

the AFLB1 levels in both roughage and concentrate
the These
favourable results were attributed to the right

feed were within normal limits.
harvesting season having been selected, the feed
having been well dried and the storage conditions
(temperature, humidity, feed trough hygiene, etc.)
being proper. Attention should be paid to avoiding
the feeding of animals with spoilt, moulded and
contaminated feed. Furthermore, such material
should not be used as bedding. It may not always be
possible to determine the level of mould growth
macroscopically. Therefore, it is suggested that
particularly during the winter and spring months,
the large-scale animal holdings operating in the
feed

mycotoxins of major concern. The conduct of

region should have their analysed for
further detailed studies on the prevention of the
contamination of feed with mycotoxins by taking
measures at the stages of the growth, harvesting
and storage of feed crops would contribute greatly
to the protection of both human and animal health.
It is considered that the routine analysis of milk and
milk products for AFLM1 is of utmost significance as
these products have an important place in the

nutrition of humans.

REFERENCES

Akdemir C., Altintas A., 2004.
aflatoxin-M1
processed in Ankara by HPLC. Veterinary
Journal of Ankara University, 51, 175-179.

Anonymous, 2009. Tarim ve Koyisleri Bakanligi'nin
Resmi Gida
Maddelerindeki Bulasanlarin Maksimum
Limitleri Hakkinda Teblig (Teblig No: 2009/22).

Arbillaga L., Azqueta A., Ezpeleta O., Lopez De

2007. Oxidative DNA damage

induced by Ochratoxin A in the HK-2 human

Investigation of

incidence and levels in milk

Gazetede yayimlanan

Cerain A,

kidney cell line: Evidence of the relationship

with cytotoxicity. Mutagenesis, 22, 35-42.
Anonymous, 1992. Aflatoxin food protection report.

Publication monthly by Charles Felix
Association, 8, 1.
Bakirci 1., 2001. A study on the occurrence of

154



Aflatoxin Levels in Roughage...

Polat and Giil

aflatoxin M1 in milk and milk products
produced in van province of Turkey. Food
Control, 12, 47-51.

Dagoglu G., Keles O., Yildirnm M., 1995. Investigation
of aflatoxin levels in cheese by ELISA method.
Journal of the faculty of Veterinary Medicine
Istanbul University, 21, 313-317.

Demirer MA., Akkilic M.,0zalp E., Kaymaz S., Dinger
B., Aksehirli E., 1979. The investigation of
aflatoxin B1 in some mixed animal feeds and
feed
Veterinary Journal of Ankara University, 26,
169-184.

Gremmels JF., 2008. Mycotoxins in cattle feeds and

raw materials marketed in Turkey.

carry-over to dairy milk: a review. Food
Additives & Contaminants, 25, 172-180.
Gurbay A., Aydin S., Girgin G., Engin AB., Sahin G.,
2005. Assessment of aflatoxin M1 levels in milk
in Ankara, Turkey. Food Control, 17, 1-4.
Bluthgen AH., Hahn G., 1990.
Aflatoxin M1 in pasteurized in milk. Brief

Heeschen W.,

Communications of the XXIl Inter. Dairy
Congress, Brussels, IDF Montreal, 1: 131.

YH., 1992. Dairy Science and Technology
Handbook USA, 1352.

Kamkar A., 2005. A study on the occurrence of

Hui

aflatoxin M1 in raw milk produced in Sarab city
of Iran. Food Control, 16, 593-599.

Karakaya M., Atasever M., 2010. Aflatoxin B1 in corn
silage and its probability passing in milk.
Journal of the Faculty of Veterinary Medicine
Kafkas University, 16 (Suppl-A), 123-127.

Kaya S., 2007. Yem kaynaklarinda mikotoksinler,
etkileri ve alinacak oOnlemler. MKU Ziraat
Fakultesi Dergisi, 12, 17-26.

Mavus H., 2003. Kayseri yoresinde satisa sunulan
siitlerden aflatoksin tayini. Gazi Universitesi
Fen Bilimleri Enstitlisi Ylksek Lisans Tezi,
Ankara.

Ozkaya S., Basaran A., Kaymak T. Dikmen O.,
Kocabey M., Demirkazik G., Altindis G., Ramiz
R., 2002. Gida

dizeylerinin tespiti,

ve yemlerde mikotoksin
Bolim 1; Tirkiye'de
Uretilen sut ve peynirlerde aflatoksin M1
Gidalarda  katki,  kalinti

aranmasi: ve

bulasanlarinin izlenmesi Ankara: Tarim ve
Koyisleri Bakanlgi, Koruma ve Kontrol Genel
Middrliigli, Ufuk Ofset Ltd. Sti.

Patterson DSP., Glancy EM., Roberts BA., 1980. The
“carry over” of aflatoxin M1 into milk of cows
fed rations containing a low concentration of
aflatoxin B1. Food Cosmetic Toxicology, 18, 35-
37.

Ruigian L., Qian Y., Thanaboripat D., Thansukon P.,
2004. Biocontrol of Aspergillus flavusand
aflatoxin  production. KMITL Science and
Technology Journal, 4, 1685-2044.

Rodricks JV., Stoloff L., 1976. Aflatoxin residues in
edible tissues of food-production animals
resulting from feed contamination. Proc.
Annual Meet U S Animal Health Association.
442-456.

Sarimehmetoglu B., Celik TH., Ozdemir H., 2000.
Pastorize sitlerde ELISA yontemiyle Aflatoksin
M1 varliginin ve dizeylerinin saptanmasi, IV.
Ulusal  Veteriner
Ankara., 16-17.

Sarimehmetoglu B., Kuplili O., Celik TH., 2003.
Detection of Aflatoxin M1 in Cheese Samples
by ELISA. Food Control, 15, 45-49.

Sarimehmetoglu B., Kipliili O., 2004. Binding ability

Mikrobiyoloji ~ Kongresi,

of Aflatoxin M1 to yoghurt bacteria. Veterinary
Journal of Ankara University, 51, 195-198.
Patterson DSP., 1977. TDC article
mycotoxicosis. Veterinary Record, 97, 279-280.
Shotwell OL., Hesseltine CW., Burmeister HR.,
Kwolek WF., Shannon GM., Hall HH., 1969a.
Survey of cereal grains and soybeans for the

Shreeve BJ,,

presence of aflatoxin: I. Wheat grain sorghum,
and oats. Cereal Chemistry, 46, 446-454.

Shotwell OL., Hesseltine CW., Burmeister HR.,
Kwolek WF., Shannon GM., Hall HH., 1969b.
Survey of cereal grains and soybeans for the
presence of aflatoxin: Il. Corn and soybeans.
Cereal Chemistry, 46, 454-463.

SPSS. 2010. v 19 SPSS for Windows release 10.01.
SPSS Inc., Chicago.

Steyn PS., Stander MA., 1989. Mycotoxins with

the

Ochratoxins

Special Reference to Carcinogenic

Mycotoxins:  Aflatoxins, and

155



Aflatoxin Levels in Roughage...

Polat and Giil

Fumonisins. General and Applied Toxicology
2" edition United Kingdom: Macmillan
Reference Ltd, 2145-2176.

Tutelyan VA., Sobolev VS., Rybakova NV., Eller KI.,

Van

Van

1989. A survey using normal phase HPLC of
aflatoxins in domestic and important foods and
dairy products in the USSR. Food Additives &
Contaminants, 6, 459-465.

Egmond HP., 1989. Current situation on
regulations for mycotoxins. Overview of
tolerances and status of standard methods of
sampling and analysis. Food Additives &
Contaminants, 6, 139-188.

Egmond HP., 1994. Aflatoxin in milk, The
Toxicology of Aflatoxins: Human Health,
Veterinary Agricultural Significant Academy
Press Inc., 365-381.

Vidyasagar T., Sujatha N., Sashidhar RB., 1997.

Determination of aflatoxin B1-DNA adduct in
rat liver by enzyme immunoassay. The Analyst,
122, 609-613.

Williams JH., Phillips TD., Jolly PE., Stiles JK., Jolly

CM., Aggarwal D., 2004. Human aflatoxicosis in
developing countries: a review of toxicology,
exposure, potential health consequences and
interventions. The American Journal of Clinical
Nutrition, 80, 1106-1122.

Wood G., 1991. Aflatoxin M1. In R. P. Sharma and D.

K. Salunkhe (Eds.), Mycotoxins and
phytoalexins. P. London: CRC 145-163.

156



