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SUMMARY
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Thirty-two samples of fresh meat, frozen meat, luncheon as well as beef
burger; eight samples of each were randomly collected from different
localities of Alexandria city. Collected samples were subjected to detect
type of aflatoxin Bl and zearalenone residues were mycotoxins
examination. Aflatoxin B1 and zearalenone residues were detected by
High Performance Liquid Chromatography (HPLC) with the highest
detector average value pg/kg for aflatoxin B1 was 0.87 (frozen meat)
and the lowest was 0.41 (luncheon), the respective values for
zearalenone were 2.96 (luncheon) and 2.15 (beef burger) pg/kg. In
studying the effect of different food processing on stability of
zearalenone in meat sample (a piece of fresh beef meat about 200 gm),
the amount of zearalenone added to meat sample was 15ug prior
freezing at -20°C and extracted, examined by HPLC after one day,
4,7,14,21,30 days and after two months for presence of mycotoxin
zearalenone, which added to meat. In order to test the effect of heat
treatment on the concentration of the zearalenone in meat were subjected
to boiling (at 100°C for 45 minutes) and roasting (on direct flame for 11
minutes). Our results showed limited reduction in the percentage of
zearalenone toxin, which is a stable compound and not affected by
different food processing methods. The public health significance of the
mycotoxins as well as the suggested measures for improving the quality
of produced products has been discussed.
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INTRODUCTION

In recent years a world wide major research efforts aimed at the
identification of the toxins produced by moulds growing on foods and
feeds, the quantification of these toxins and an evaluation of their
biological effects on humans and animals (Rywotycki, 2003; Jean-Denis
and Philippe, 2009). Mycotoxins constitute a large number of naturally
occurring fungal metabolites with very toxic effect on human
and animals. They consist of groups of aflatoxins, trichothecenes,
ochratoxins, vomitoxins, citrinin, patulin, penicillic acid and zearalenone
(Bullerman, 2004; Toscani et al., 2007; Amézqueta et al., 2009).

Both intrinsic and extrinsic factors influence fungal growth and
mycotoxin production on a given substrate. The intrinsic factors include
water activity, PH and redox potential whereas extrinsic factors which
influence mycotoxin production are relative humidity, temperature and
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availability of oxygen (FAO, 1977; Croubels et al., 2004; Evans et al.,
2007).

Mycotoxins are extremely harmful, sometimes lethal to animals
and human beings. The toxic potential of several toxin-producing
moulds or a limited number of mycotoxins may occurred due to
contamination of human food supply whether by direct consumption of
these agents or via domestic animals used for meat production (Richard,
2007; Sherif et al., 2009). :

Mycotoxins play an important role in food borne diseases of
human and animals.Their toxic effects depend on their composition, they
can be hepatotoxic, nephrotoxic, neurotoxic, hemorrhagic, dermatoxic,
genotoxic, teratogenic, carcinogenic or have hormonal effects
(Bullerman, 2004)

Mycotoxins may also influence meat production and seem to be
responsible for alteration of carcass composition and quality. They leave
residues in edible tissues (Lépez-Diaz et al., 2001; Petzinger and
Weidenbach, 2002). These residues had been detected within the animals
exposed to mycotoxins: Aflatoxin B1 and its metabolites, for ochratoxin
A and zearalenone. The amount of detectable residues depends on the
initial feed contamination, duration of toxin exposure and persistence of
the toxin within the animal (Rundberget and Wilkins, 2002; Garcia
et al., 2009).

Aflatoxicosis is food poisoning that results from ingestion of
aflatoxins in contaminated food (Ali et al., 2005). The aflatoxins are
group of structurally related toxic compounds produced by certain
strains of the fungi. Under favorable conditions of temperature and
humidity, these fungi grow on certain foods, resulting in the production
of aflatoxins. The species were the predominant aflatoxin-producing
moulds isolated from processed meat products including luncheon.
These toxins are usually found together in various proportions.
However, aflatoxin Bl is usually predominant and is the most toxic
(Aziz and Youssef, 1991; FDA, 1992).

Zearalenone (ZEN) is a potant toxic agent produced by several
Fusarium species and found to be a common and wide spread
contaminant in cereal grains and animal feed stuffs. Various health
problems associated with this mycotoxin have been well documented in
domestic animals including decreased feed intake, infertility, vaginal
prolapse and enlargement of the uterus and mammary glands (Chu,
2003; Vilimaa et al., 2010). Furthermore, ZEN has been reported to be
potentially carcinogenic. Consequantly, there is increasing concern about
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the potential health hazard of ZEN to humans not only from direct
exposure to contaminated cereal products, but also through consumption
of meat derived from farm animals exposed to ZEN contaminated feeds
(Sherif et al., 2009). The main aim of this study survey on determination
of mycotoxins (aflatoxin and zearalenone) residues in meat and meat
products and effect of some food processing methods on the stability of
mycoyoxin zearalenone in frsh meat.

MATERIALS and METHODS

Collection of samples: 32 samples of fresh meat, frozen meat, luncheon

as well as beef burger; eight samples of each were randomly collected

from different localities of Alexandria city (from October to December

2009).

Reagents:

- Zearalenone (Sigma chemical Co. St. Louis, Mo. USA).

- Aflatoxin B1, B2, G1, G2 (Sigma chemical Co. St. Louis, Mo. USA).

- Solvents—methanol (Burdick & Jackson Laboratories, Inc., Muskeyon,
MI 49442).

- Water-glass-distilled, deionized

- Mobile phase: water — acetonitrile (55% - 45%)

- Chloroform-Aldrich Chemical Co., Inc.

- Delivery System: Tolune—Ethylacetate—Formic acid (60%-30%-10%).

Instrument: Beckman, high performance liquid chromatography

delivery system (HPLC) was used in the High Institute of Public Health,

Alexandria University.

1- Determination of aflatoxin and zearalenone residues in meat and
meat products:

A- Extraction of aflatoxin and zearalenone from meat samples

according to Roybul et al. (1988); Turner et al. (2009): The muscular

tissues were thoroughly minced to obtain homogenous mixture, then 10

gm sample was weighted and added to 30 ml dist. water. The mixture

was homogenate and 1 ml of homogenate was extracted by the following

method: 3 ml of isopropand methylene chloride solution (1:9) was added

to each test tube contained 1 ml homogenate. Samples were then put in

shaker for about 15 min. Solvent layers were separated by centrifugation

for 10 min at 2200 r.p.m. The upper organic layer was transferred to

clean test tubes and the upper organic phase is saved. The remaining

aqueous layer was extracted 2 more times by addition of 3 ml of

isopropanol methylene chlorid and shaking centrifugation each time.

After separation of the organic layer, the tubes were evaporated to
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dryness by the aid of current of air and water bath at 40°C and the final
residues was stored at -20°C until analysis.
B- Derivatives formation according to Ahmed (2004): The dansylated
derivatives were formed by adding saturated sodium bicarbonate
solution (0.5 ml) to the residue (dry film), stoppered and carefully mixed
using vortex mixture.1ml of dansyle chloride reagent solution was added
using a vortex mixture. After standing for more than 10 hours, the
dansyle derivatives were extracted by adding 15 ml HPLC grade water
and extracting the mixture with diethyl ether (3x5ml). The combined
ether extracts were then evaporated to dryness.
C- Examination of the extract of aflatoxin: The dried samples under
test were dissolved in one ml chloroform and 10 pl of each sample were
injected in HPLC apparatus, the conditions were used as follows:
- Flow rate: 1 ml /minutes.
-Column: Reversed-phase Lichrosorp R, C18 steel column (4pm silica).
- Mobile phase: consisted of water - acetonitrile (55: 45, V/V).
- Program: The mobile phase solutions were sonicated in ultrasonic
bath (Heat System Co., Farmingdale, N.Y.) for 15 minutes and filtered
through 0.45um filters from Millipore division (Water-Millipore,
Milford, MA).
- Detector: The compounds eluted were detected by a 1050 series
programmable variable multi-wavelength detector at 200 nm
- Instrument model: the output signal generated by the
spectrophotometric detector was processed by Integrator Model 427

The concentration of aflatoxin B or G (a percent of recovery) was
determined by HPLC using aflatoxin standard curve by comparing the
peak areas of each sample extract to the peak areas of the standard
solutions and the percent of recovery was calculated.
D- Examination of the extract of zearalenone according to Krska
et al. (2007): The dried samples under test were dissolved in one ml
methanol and 10 pl of each sample were injected in HPLC apparatus.
The concentration of zearalenone was determined by HPLC using
zearalenone standard curve.
F- Standard solution preparation according to Van Emond (1989):
Accurately 10.0 mg of each reference standard were weighted into
separate 100 ml volumetric flasks and diluted to volume with methanol
and mixed with working solutions 1.0 pug/ ml. The dansyle derivatives
were prepared as described above the residue was dissolved in 5ml
methanol / chloroform.
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2- Effect of some food processing methods on the stability of
zearalenone in meat: The effect of some food processing methods on
the stability of zearalenone in meat samples, test samples (a piece of
fresh beef meat about 200gm), test material (zearalenone, Sigma
Chemical Co. St. Lowis, Mo, USA) was studied. Experimental design:
First of all the meat samples were tested for the presence of zearalenone
residue according to Frisvad and Thane (1993). The NHEL (No
Hormonal Effect Level) is 0.05 mg/kg.

Sample preparation according to Roybul et al. (1988); Wilkes and
Sutherland, (1998): Beef muscles were shopped into cubes and ground
in warring blender. 200 gm ground muscle were weighted into whirl-
pack bag then sealed and the tissue was kept until analysis.

Control sample: Sample of fresh beef muscle previously prepared was
spiked with zearalenone standard and extracted then examined with
HPLC without any food processing methods.

Preparation of the toxin according to Sgrensen et al. (2008): Dry
zearalenone was weighted,the concentration was calculated to give 15
pg/gm. Corn oil was added to the container of dry zearalenone. The
mixture was agitated forl minute and stored at 0°C.

Effect of freezing: Samples of previously prepared fresh beef muscles
each 200 gm weight were spiked with zearalenone and put at -20 °C and
extracted, examined by HPLC after one day, 4, 7,14, 21,30 days and
then after two months for the presence of zearalenone. The final results
were recorded and compared with the result of the control samples.
Effect of boiling (Skog et al., 2000): To study the effect of boiling,
samples of previously prepared fresh beef muscles each 200 gm weight
were spiked with zearalenone and boiled at 100°C for 45 minutes, then
extracted and examined by HPLC for the presence of zearalenone. The
final results were recorded and compared with the result of the control
sample.

Effect of roasting (Rywotycki, 2007): To study the effect of roasting on
stability of zearalenone, samples of previously prepared fresh beef
muscles each 200 gm weight were spiked with zearalenone and
subjected to roasting on direct flame for 11 minutes, then extracted and
examined with HPLC. The final results were compared with the results
of the control samples.

Statistical analysis: The obtained data was analyzed statistically
according to Perrie and Watson (1999)
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RESULTS
Table 1: Determination of aflatoxin B1 in meat extracts.
Type of No. of Aflatoxin
Samples samples | positive samples Amount of AFB1 pg / Kg
No . % Min. | Max. | Average
Fresh meat 8 ND ND ND ND ND
Frozen meat 8 2 25 0.72 1.02 0.87
Luncheon 8 1 125 | 041 0.41 0.41
Beef burger 8 1 125 | 0.59 0.59 0.59

ND = not detected

Table 2: Determination of zearalenone in meat extracts.

Type of No. of Zearalenone
samples | positive samples | Amountof ZEN pg/Kg
samples
No. % Min. | Max. | Average
Fresh meat 8 1 125 | 325 | 3.25 3.25
Frozen meat 8 2 25 2.76 3.04 2.90
Luncheon 8 2 25 2.77 3.16 2.96
Beef burger 8 1 125 | 215| 215 2.15

Table 3: Effect of freezing on stability of zearalenone in meat samples.

Amount of Amount recovered after freezing Control sample
zearalenone .
added (sample + toxin
After | 4 7 14 | 21 | 30 60 |without freezing)
1 day
15 ug 116 |115|111| 11 [101| 9.8 | 851 13.3
% of recovery | 77.3 | 76.6| 74 |73.3|67.3| 65.3 | 56.7 88.7
of reduction%| 22.7 |23.4| 26 |26.7 |32.7| 347 | 43.3 11.3
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Table 4: Effect of boiling on zearalenone stability in fresh meat samples

Amount of Amount recovered after boiling Control sample
zearalenone added (sample + toxin
Sample 1 | Sample 2 | Sample 3 | Sample 4 Without boiling)

15 ug 13.18 13.30 13.17 13.21 13.3

% of recovery 87.9 88.7 87.8 88.1 88.7

of reduction% 12.1 11.3 12.2 11.9 11.3

Table 5: Effect of roasting on zearalenone stability in fresh meat

samples.
Amount of Amount recovered after roasting Control sample
zearalenone :
added Sample 1 Sample 2 (sample + toxin
without roasting)
15 pg 10.78 10.75 13.3
% of recovery 71.9 71.7 88.7
of reduction% 28.1 28.3 11.3

DISCUSSION

Aflatoxin extracted from meat samples:

Aflatoxins are considered as potent carcinogens and known to
cause death in cattle. In addition, they may be involved in some human
disease conditions (Atlas-Ronald, 1995). More specifically, AFB1, is
one of the most potant aflatoxins. They are responsible for liver cancer
in laboratory animals and even human-beings. They have been linked to
a wide variety of human health problems. FDA (1992) established
maximum allowable levels of total aflatoxins in food commodities at 20
ppb (Bahgat, 1999). .

Our results revealed that aflatoxins failed to be detected in any of
the examined fresh meat samples. In frozen meat samples 2(25%) out of
8 tested samples were positive and the amounts of aflatoxin Blresidues
were 0.72 and 1.02 pg/kg (Table 1). Nearly similar results were obtained
by Moustafa (1994) who recorded 1.07 pg/kg. Our results are lower than
those of Fargaly (1998) and Altalhi and Albashan (2004) who recorded
2.63 and 3.6 pg/kg, respectively.
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As regarded to luncheon out of 8 samples tested 1(12.5%) was
positive and the amount of aflatoxin extracted from the positive
luncheon sample was 0.41 pg/kg. Our results are lower than those of
Aziz and Youssef (1991), Ismail and Zaky (1999) and Ali et al. (2005)
who recorded 4, 2.23 and 1.53 pg/kg, respectively. Nearly similar results
were obtained by Moustafa (1994) and Zaky et al. (1995) who recorded
0.46 and 0.35 pg/kg.

Concerning beef burger, only one sample (12.5%) was positive
and the amount of aflatoxin was 0.59 pg/kg. Nearly similar result was
obtained by Moustafa (1994) who recorded 0.68 pg/kg. On the other
hand, Aziz and Youssef (1991) recorded higher results 8 pg/kg.

In looking to (Table 1) we find that the amount of aflatoxin
extracted from fresh meat, frozen meat, luncheon and beef burger
samples were small as compared with the limit permissible 0.02 mg/kg
(Bahgat, 1999) but in spite of these results it is still very dangerous, the
presence of aflatoxin residue in meat although over toxicosis resulting
from ingestion of residue contaminated food products is a relatively
uncommon occurrence, the long term health effect from repeated
exposure to low concentrations of certain chemical are of much greater
concern (Stephen and Charles, 1985; Atlas-Ronald, 1995; Herzallah,
2009).

The mode of action of aflatoxin B1 and the activities of its
biologically active intermediates by binding of compounds to protein,
DNA and RNA can interfere with normal cellular functions, resulting in
initiation of carcinogenesis or necrosis if the interference is sever
enough. Most reports support the feed for activation of aflatoxin B1 by
microsomal enzymes for binding of AFB1 to macromolecules, as well as
for carcinogenesis or mutagenesis (Kolb, 1984; Hsieh and Atkinson,
1991; Farhadian et al., 2010).

From the public health point of view, the presence of natural
toxicants, such as mycotoxins, in animal food products is greatly affect
human health. At high levels in feeds, these mycotoxins may cause loss
or illness of farm animals, through development of animal toxicosis such
as aflatoxicosis. At lower levels in feed, these mycotoxins may have no
apparent effect on live stock production, but their residues and related
substances from the consumption of animal food products may pass a
health to humans. These health hazards as compared with the possible
health hazards from the direct intake by humans of cereal and other food
crops that contain mycotoxins (Kuiper-Goodman, 1991; Deneo-
Pellegrini et al., 1996; Dalié et al., 2010). In addition, aflatoxins have
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been incriminated mainly on circumstantial evidence, hepatocellular
carcinoma, acute hepatic failure and other possible effects of continuous
or intermittent dietary exposure to aflatoxins. Such exposure has serious
implications for immune and hepatic functions and is detrimental to
growth and development (Pestka and Bondy, 1990; Hendrickoe, 1991;
Bahgat, 1999; Bouhet and Oswald, 2005).

Zearalenone extracted from meat samples:

The recorded data in Table 2 showed that only one sample
(12.5%) was positive in a concentrated of 3.23 pg/kg for zearalenone in
fresh meat.These results are lower than those reported by Abdel Hamid
(1990) and Moustafa (1994) who recorded 4.11and 3.09 pg/kg. In frozen
meat samples 2 (25%) out of 8 tested samples in a concentrated of 3.04
and 2.76 pg/kg were positive. Nearly similar results were obtained by
Ramadan (1990) and Moustafa (1994) who recorded 3.11 and 2.65
pg/kg. As for luncheon samples 2 (25%) were positive for zearalenone
the levels in a concentrated of 2.96 pg/kg. Nearly similar results were
obtained by Abdel Hamid (1990) and Moustafa (1994) who recorded
2.86 and 3.01 pg/kg. In beef burger samples for zearalenone could be
detected in 1(12.5%) was positive where its amount in a concentrated of
2.15 pg/kg. These results are higher than those reported by Moustafa
(1994) who recorded 1.87 pg/kg.

Our results revealed that the amount of zearalenone detected
were less than the permissible limit which was 0.05 mg/kg (Bahgat,
1999). But as a zearalenone is a mycotoxin found in grain products and
it is anabolic veterinary drug used commercially in cattle and sheep for
increasing the rate of weight gain and improving feed efficiency, this
involves possible health risks if harmful residues remain in the meat and
meat products intended for human consumption (Anon, 1986; Cavret
and Lecoeur, 2006). Many countries prohibit or restrict the use of any
hormone active substance for growth promotion and fattening in food
producing animals (Jose et al., 1987; Krska et al., 2007).

Zearalenone and some of its derivatives have been shown to
competitively bind to estrogen receptors in a number of in vitro system.
Binding to specific receptors has been demonstrated in rat, mouse and
bovine uterus, in rat mammary gland, in human breast cancer cells, in rat
mammary tumor and in rat hypothalamus. Binding also occurs to
specific receptors in rat liver (Powell-Jones et al., 1981). Synthesis of
uterine estrogen-induced protein (IP), is one of the earliest events
following estrogen binding (Reiss and Kaje, 1981). An increase in the
uterine RNA synthesis as well as an increase in the RNA polymerase
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activity was observed following the interperitoneal administration of
zearalenone to rats (Tashiro et al., 1980; Kolb, 1984; Ting Zhou et al.,
2010).

The effect of zearalenone in most animals is indistinguishable
from the effects of large doses of estrogen. The resulting syndrome is
called hyperestrogenism and clinical signs appear as abnormal
reproductive activity, including prolonged estrus, anestrous, infertility,
increase udder or mammary development, abnormal lactation. Abortion,
mastitis, vulvovaginitis, hemorrhage and rectal or vaginal prolapses are
thought to be secondary complications (Stoloff et al., 1981). If it is
ingested in sufficient quantity, it can severely damage the entire
digestive tract and cause rapid death due to internal hemorrhage.
zearalenone has been implicated in human diseases alimentary toxic
aleukia and pulmonary hemosiderosis (Haschek et al., 2002; Massart
et al., 2008). :

Effect of different food processing methods on Zearalenone stability
in meat samples:

Effect of freezing: Table 3 shows whenl5 pg of zearalenone were
added to 200 gm meat sample and exposed sample to freezing for one
dayl1.6 pg were recovered and the percent of recovery was 77.3 and
that of reduction was 22.7. After 4 days the amount recovered was 11.5
Kg percent of recovery 76.6, percent of reduction was 23.4. After 7days
the amount recovered was 11.1 pug with a percent of recovery 74, a
reduction percent of 26. After 14 days the amount recovered was 11 ug
percent of recovery was 73.3, percent of reduction was 26.7. After 21
days the amount recovered was 10.1 percent of recovery was 67.3,
percent of reduction was 32.7. After 30 days the amount recovered was
9.8 ug, percent of recovery was 65.3, percent of reduction was 34.7.
After 60 days the amount recovered was 8.51, percent of recovery was
56.1, percent of reduction was 43.3. our results reveal that very little
decrease in the amount of zearalenone spiked in meat samples after
almost 60 days study, this means that zearalenone is a stable compound
and this agree with what was reported by Mastura et al. (1981); Skog et
al. (2000); Rywotycki (2007).

Effect of boiling: The amount of zearalenone revealed in meat samples
subjected to boiling for 45 minutes was 13.18 pg with a percent of
recovery 87.9 and the percent of reduction 12.1. For sample 2, the
amount of zearalenone found was 13.30 with a percent of recovery 88.7
and a reduction percent 11.3. For sample 3, the amount of zearalenone
found was 13.7 with a recovery percent 87.8 and reduction percent 12.2,
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for sample 4 the amount of zearalenone found was 13.21 with a recovery
percent 88.1 and reduction percent was 11.9. From the above mentioned
results we found that the reduction percent was very limited and most of
toxins were heat stable. This means that heating at 100°C for 45 minutes
does not affect the zearalenone compound. These results agree with that
reported by Bata and Orsi (1981); Skog et al. (2000); Zinedine and
Maries (2009).

Effect of roasting: The results were, for sample one, the amount of
zearalenone found was 10.78 with a recovery percent 71.9 and a
reduction percent 28.1. For sample two, the amount of zearalenone
found was 10.75 with a recovery percent 71.7 and reduction percent
28.3. These results agree with that reported by Rywotycki (2007) and
Faradian et al. (2010).

By comparing the above mentioned results with the control
sample, we found that only small amount of zearalenone toxin was
affected by roasting which means that roasting has a processing limited
effect on zearalenone stability. By studying the effect of roasting on
different food, we found that zearalenone toxin is a stable compound and
is not affected by different food processing. This means that once the
toxin was found in meat it is very difficult to get rid of it which means
that the only way to control this toxin is by primary preventing its
existence in meat. As some animals are sensitive to concentrations in the
feed as low as 0.01 ppm (Mirocha et al., 1983; Honikel, 2003; Fuchs
et al., 2008), exposure of animals to zearalenone should be kept as low
as possible, food sources must be controlled and presence of small
quantities of zearalenone in food must be restricted. However residues of
carcinogenic mycotoxins, such as aflatoxin B1 and zearalenone, when
present in animal products pose a threat to human health and their levels
should be monitored and controlled (Chu, 1991; Hussein and Brasel,
2001; Acosta et al., 2009). Because mycotoxins are natural contaminants
of food and their exposure is more likely to occur in world where poor
methods of food handling and storage are common, their formation is
unavoidable and methods of controlling are usually preventive
(Horchner et al., 2006).
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