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Abstract

ROBIOTIC consumption is recognized as being generally safe and correlates with multiple and

valuable health benefits. Food exposure to mycotoxins is a major concern for public health
officials and regulatory authorities globally. Aflatoxins (AFLs) and ochratoxin A (OTA)
contamination of meat products can happen anywhere along the production process, from farm to
fork. The purpose of this study is to determine the concentration of AFLs and OTA residues in some
beef products and evaluate the effects of different probiotics (Lactobacillus acidophilus,
Bifidobacterium lactis and Saccharomyces cerevisiae) on AFLs and OTA in semi-dry fermented beef
sausage that has been contaminated in an experiment stored for seven days. The study found that the
AFLs were present in 86.7%, 60%, 80%, 70%, 76.7%, and 70% of the meat products under
investigation, while the OTA residues were present in 83.3%, 56.7%, 80%, 73.3%, 63.3%, and 76.7%
of the burger, minced beef, luncheon, basterma, kofta, and sausage, respectively. Burger (13.89 +
2.62 ppb) and sausage (12.67 + 2.37 ppb) had the greatest AFLs residues (ppb), followed by kofta
(11.38 £ 2.15 ppb) and luncheon (11.26 + 2.72 ppb). Basterma (3.31 + 1.85 ppb) and minced meat
(5.47 £ 1.55 ppb) had the lowest values. Luncheon had the greatest OTA residues (2.76 + 0.43 ppb),
followed by burger (2.64 £ 0.14 ppb), sausage (2.32 = 0.57 ppb), and kofta (1.78 + 0.74 ppb), while
basterma (1.23 + 0.65 ppb) and minced beef (1.56 + 0.12 ppb) had the lowest concentrations. The
findings reveal that the levels of AFLs in some examined samples exceeded the legal limits (< 20
ppb), while the levels of OTA were within the acceptable range (< 5 ppb). The data shows a positive
association between the use of probiotics and the reduction of AFLs and OTA in all samples studied.
The results indicate that probiotics such as Lactobacillus acidophilus, Bifidobacterium lactis and
Saccharomyces cerevisiae can potentially serve as decontaminants in the food industry as well as can
replace chemical preservatives in producing organic foods and reduce the levels of mycotoxins in
beef products intended for human consumption.
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contaminate meat products at various stages of
production, either through the direct introduction of
contaminated spices or indirectly via the ingestion of
grains and feedstuffs contaminated with mycotoxins
by animals. The contamination then spreads to
consumers via meat, milk, and their products,
resulting in carry-over effects [2]. These are strong

Introduction

Meat products are widely favored foods due to their
accessibility, preparation, and palatability, which
contribute to their status as preferred options among
numerous individuals worldwide [1]. Mycotoxins are
harmful secondary metabolites created by fungi
when they colonize food sources. Mycotoxins
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toxins that have serious health repercussions for
humans, including mutagenicity, teratogenicity, and
carcinogenesis [3]. Pandey et al. [4] identify taxa of
Aspergillus, Fusarium, Penicillium, and Alternaria
as the principal toxin-producing molds. Among the
most dangerous mycotoxins, aflatoxins (AFLs) and
ochratoxin A (OTA) are still a global concern that
seriously impairs both human and animal health [5].

Aspergillus flavus and Aspergillus parasiticus
primarily produce more than one aflatoxin, a highly
toxic mycotoxin, globally [4]. The major categories
are By, B,, G4, and G, [6]. Regarding ochratoxins,
food commodities contain three altered forms of
them: OTA, OTB, and OTC. Various species,
including Penicillium verrucosum and Aspergillus,
synthesize OTA, the most widely detected mycotoxin
in food products [4]. Because mycotoxins are
resistant to enzymatic degradation and autolysis in
the gastrointestinal tract (GIT) of animals, they are
present in the meat. Cooking or processing food does
not break down most mycotoxins, as they can
withstand high temperatures [7]. Consumption of
mycotoxin-contaminated food items harms human
and livestock health, reducing food commodity
marketability and raising food safety issues [8]. A
mycotoxin can cause acute or chronic toxicity,
including hepatotoxicity, cytotoxicity, teratogenicity,
neurotoxicity, mutagenicity, and carcinogenicity,
which is known as mycotoxicosis. Some mycotoxins
interfere with nucleic acids at the cellular level,
inhibiting DNA and RNA synthesis [9].

Probiotics are defined as "living microorganisms
that, when given in sufficient quantities, improve the
host's health” by the World Health Organization [10].
Lactic acid bacteria (LAB), notably Lactobacillus
and Bifidobacterium, are the most often used forms
of conventional probiotics available nowadays.
These bacteria help treat various intestinal disorders
[11]. Probiotic bacteria and yeast help to lower the
adhesion of bacteria to the intestinal mucosa,
therefore lowering bacterial toxins and producing
antibacterial substances including bacteriocins and
antibiotics [12]. Furthermore, Kerry et al. [13] have
established the crucial role of the aforementioned
probiotic metabolites in promoting gastrointestinal
health and preserving intestinal homeostasis. It is
critical to screen the occurrence of mycotoxins in
animal feeds and livestock products to safeguard
both humans and animals from these potentially
harmful substances.

The purpose of this research is to determine the
concentration of AFLs and OTA residues in some
beef products and evaluate the effects of different
probiotics, such as Lactobacillus acidophilus (L.
acidophilus), Bifidobacterium lactis (B. lactis), and
Saccharomyces cerevisiae (S. cerevisiae), on AFLs
and OTA in semi-dry fermented beef sausage that
has been contaminated in an experiment stored for
seven days.

Material and Methods

Samples collection

A total of 180 beef products—burger, sausage,
minced, luncheon, kofta, and basterma (30 of
each)—were collected in January 2024 from
supermarkets in Aswan, Egypt. Each sample, about
100 g, was transported to the laboratory in an icebox
and stored in its original packages at 4 °C until
analysis.

Estimation of the AFLs and OTA levels

The analysis of AFLs according to Najmus et al.
[14] and OTA according to Baydar et al. [15] was
conducted at the Department of Food Hygiene
Laboratory, Faculty of Veterinary Medicine, Aswan
University, using a competitive direct enzyme-linked
immunosorbent assay (CD-ELISA). The Veratox test
kits (RIDASCREEN® Aflatoxin Total, Art. No.:
R4701, and RIDASCREEN® Ochratoxin A 30/15,
Art. No. R1312) from AG, Darmstadt, Germany,
were employed. Following the manufacturer's
guidelines, we analyzed the mycotoxins after
pulverizing ten grams of each sample and extracting
them with 50 ml of 70% methanol. An ELISA reader
(absorbance microplate reader, model: ELX 808 1U,
BIO-ITK, Instrument, INC, USA) was used to
measure the absorbance at 450 nm. The percentage
of maximal absorbance was calculated by dividing
the absorbance values of the standard and samples by
the absorbance value of the first standard (zero
standard) and multiplying the result by 100.
Consequently, the absorbance values are expressed in
percentages, and the zero standard is equated to
100%. The optical density versus AFLs and OTA
standards concentration standard curve was used to
estimate the level of AFLs and OTA levels in the
tested samples.

Preparation of the probiotic inocula

L. acidophilus was supplied from Ch. Hansen's
Lab. (Denmark), B. lactis from the Australian
Research Centre, and S. cerevisiae from baker's
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shops as baker's yeast. Triplicate subcultures on De
Man, Rogosa, and Sharpe (MRS) broth and agar at
37 °C for 24 h were used to reactivate L. acidophilus
and B. lactis. The suspensions were centrifuged at
1,700 x g for 15 min. The bacterial pellets were
rinsed twice with phosphate-buffered saline (PBS;
pH 7.3, 0.01 M), and the concentration was adjusted
to 10’ CFU/mL, equivalent to a 0.5 McFarland
standard, after the supernatant was removed [1,16].
S. cerevisiae was employed at concentrations of 1%
(10° CFU/mL) and 2% (108 CFU/mL) [7].

Preparation of semi-dry fermented beef sausage

The recipe for semi-dry fermented sausage was
made using the method of Emara et al. [17] 80% beef
topside, 15% beef fat, 2.0% sodium chloride, 0.02%
sodium nitrite, 0.05% ascorbic acid, 1% lactose,
0.50% glucose, and 0.05% spice were mixed
under good manufacturing practices. The dried non-
meat ingredients were combined with the ground
beef and fat in a Seydelmann spiral mixer
(Urgstallstrape, Germany).

Decontamination of AFLs and OTA by probiotics

OTA and AFLs standards were added to the
semi-dry  fermented  sausage mixture at a
concentration of 100 uL/100 g (above the standard
concentration of the regulatory authority's < 20 ppb).
The sausage was divided into four equal groups; G1,
G2, G3, and G4 were inoculated separately with L.
acidophilus (G1) and B. lactis (G2) at 10’ CFU/g and
to each of them S. cerevisiae at 1% (G3) and 2%
(G4), vlv, respectively. The sausage mix was stuffed
into 30 mm cellulose casings (500 g each) with the
Handtmann VF 628 vacuum filler (Baden-
Wurttemberg, Germany) and kept in a ripening
chamber at 20 °C and 70% relative humidity for 4
days to reach a pH of 5.20. After ripening, the
sausages were stored at 4 °C for 7 days. The efficacy
of probiotics in the amelioration of AFLs and OTA
in semi-dry fermented sausage was experimentally
evaluated by repeating the experiment three times
with three replicates at independent time points (0, 2,
5, and 7 days).

Statistical analysis

Data with a significance level of p < 0.05 were
reported as the mean of three replicates. Standard
errors were statistically assessed using the analysis of
variance technique (ANOVA) in SAS [18].

Results

Estimation of the AFLs and OTA levels
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Figure 1 shows that 86.7%, 60%, 80%, 70%, 76.7%,
and 70% of the beef samples tested (burger, minced
beef, luncheon, basterma, kofta, and sausage) had
AFLs. On the other hand, 83.3%, 56.7%, 80%,
73.3%, 63.3%, and 76.7% of the burger, minced
beef, luncheon, basterma, kofta, and sausage samples
were contaminated with OTA. The most products
have AFLs residue were burgers and sausages, with
average levels of 13.89 * 2.62 ppb and 12.67 + 2.37
ppb, respectively, followed by kofta and luncheon,
with average levels of 11.38 + 2.15 ppb and 11.26 £
2.72 ppb. Finally, basterma and minced beef had the
lowest levels, with 3.31 £+ 1.85 ppb and 5.47 + 1.55
ppb, respectively. There is statistically considerable
variation in the AFLs residue between the examined
products (p < 0.001). The authority (FAO, 2004)
approved the aflatoxin residues in minced beef and
basterma samples, while burger, kofta, luncheon, and
sausage samples, at 20%, 13.3%, 26.7%, and 26.7%,
respectively, exceeded the authorized and controlling
limits (< 20 ppb) for beef products (Table 1).

Concerning the incidence of OTA in the inspected
samples (Table 2), the highest OTA residues were
found in luncheon (2.76+0.43 ppb), followed by
burger (2.64+0.14 ppb), sausage (2.32+0.57 ppb),
and kofta (1.78+0.74 ppb) while the lowest
concentration recorded in basterma (1.23+0.65 ppb)
and minced beef (1.56+0.12 ppb) with a significant
variation between the examined samples (p < 0.05).
Concerning the recommendations of authorities
(FAO, 2004 and WHO, 2002), no samples above the
legal and guiding limits (< 5 ppb) for beef products.

Decontamination of AFLs and OTA by probiotics

Table 3 and Fig. 2 show the effect of different
probiotics on AFLs concentration (ppb) in
experimentally contaminated semi-dry fermented
beef sausage samples; the findings demonstrate a
positive association between the usages of probiotics
and the reduction percent of AFLs in all samples
analyzed. At zero time, the total AFL levels were
4.632, 4.597, 4.613, and 4.588 ppb for G1, G2, G3,
and G4, respectively, with no reduction in percentage
for either probiotic used in any of the groups. On the
7" day of cold storage, G1 recorded the best results;
AFLs reduced by 35.8% on the 2™ day, 73% on the
5" day, and reached the maximum (98.2%) on the 7"
day, with recorded concentrations of 2.976, 1.264,
and 0.085 ppb, respectively. G2 recorded AFLs
concentrations of 3.172, 1.422, and 0.774 ppb with
reduction rates of 31%, 69%, and 83.2% on the 2",
5" and 7" day, respectively. G3 recorded the lowest
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AFLs reduction (3.637, 1.638, and 1.004 ppb) with
reduction rates of 21.2%, 64.5%, and 78.2% on the
2" 5" and 7" day, respectively. On the 2", 5" and
7" day, G4 reported AFLs concentrations of 3.287,
1.376, and 0.867 ppb, with reduction rates of 28.4%,
70%, and 81.1%, respectively. The discrepancy in
the meat products sample reviewed was exceedingly
substantial (p < 0.05) except for G2 and G4.

According to Table 4 and Fig. 3, G1 has the highest
reduction rate (16.5%, 30.7%, and 69.8%) and the
highest OTA concentration (1.332, 1.106, and 0.482
ppb) on 2™, 5™ and 7™ days, respectively. G4 is next,
with a reduction rate of 14.8%, 27%, and 58.3% and
OTA concentrations of 1.38, 1.18, and 0.679 ppb on
the 2" 5" and 7" day, respectively; and G2 had
OTA concentrations of 1.482, 1.268, and 0.854 ppb
on the 2" 5" and 7™ day, respectively, and a
reduction rate of 10.1%, 23%, and 48.2%.
Additionally, G3 recorded the lowest reduction rate
(7.8%, 17.1%, and 41.5%) and concentrations of
1.533, 1.378, and 0.973 ppb, respectively, on the 2",
5™ and 7" day. But at zero time, all treated groups
have zero reduction %. Moreover, the reduction of
OTA in examined samples is significantly different
(p < 0.05).

Discussion

Meat products are regarded as the major desired
and promising food due to their high nutritive value,
which is attributed to the substantial amount of vital
amino acids, minerals, fats, and vitamins [19]. The
contamination of beef products with mycotoxins
poses a public health risk to customers. Many
investigations found that mycotoxins have
mutagenic, carcinogenic, nephrotoxic, hepatotoxic,
teratogenic, immunosuppressive, and embryotoxic
effects [20]. The data in Figure 1 show that burger
and luncheon samples had the highest occurrence
rates (86.7% and 80%, respectively), whereas minced
beef samples had the lowest (60%). These results
were similar to those of Karmi [7], who found AFLs
residues in 80% of basterma, 96% of luncheon, 92%
of minced beef, 76% of kofta, and 88% of minced
beef. These findings differed from those of Ibrahim
et al. [1], who found 64%, 72%, 88%, and 80% for
burger, minced beef, luncheon, and sausage,
respectively. Furthermore, Algammal et al. [19]
identified AFL residues in 6% of basterma samples,
but they were unable to detect any residues in minced
beef and sausage samples. Morshdy et al. [21] found
that AFTs were present in 65%, 55%, and 25% of the
sausage, basterma, and luncheon samples that were

analyzed. Elbarbary et al. [22] found that all of the
samples that were analyzed (100%) had AFL
residues.

Aflatoxins are the most dangerous mycotoxins
that infect the human diet. Molds frequently
contaminate preserved meat products, including
sausage, basterma, and burgers, which become active
due to the extended maturation process and
subsequent production of mycotoxins [19]. The
current investigation presents the AFL residues in
Table 1. The data showed a substantial difference (p
< 0.001) among the studied samples, except for
burgers and sausages showing no significant
variance. AFLs concentration was highest in the
burger (13.89 + 2.62 ppb) and sausage (12.67 + 2.37
ppb) samples, while basterma (3.31 + 1.85 ppb) and
minced meat (5.47 = 1.55 ppb) had the lowest
concentrations. The amount of AFLs residue found
in minced beef and basterma samples were within
acceptable limits, but the amounts found in the
luncheon, burger, and kofta samples were higher than
the international limit of FAO [23] for beef products
(<20 ppb) by 26.7%, 20%, and 13.3%, respectively.
Elbarbary et al. [22] reported lower results,
indicating that the AFL concentration (ppb) in
burgers, minced beef, luncheon, kofta, and sausage
was 5.4 + 0.13, 3.9 + 0.28, 5.14 + 0.18, 5.68 + 0.2,
and 9.85 + 0.64, respectively. These readings were
significantly lower than the established limit of FAO
[23], except for 40% of sausage samples. According
to Morshdy et al. [21], basterma had the greatest total
AFLs residue (3.59 + 0.35 ppb), followed by
luncheon (2.99 + 0.31 ppb) and sausage (2.12 + 0.39
ppb). Additionally, 30%, 10%, and 5% of basterma,
luncheon, and sausage exceeded the legal limit for
AFLs. Elzupir and Abdulkhair [24] reported that
37.5% of processed meat product samples were
polluted, with levels up to 52.93 ppb. Additionally,
10% of contaminated samples had total AFs above
the Saudi Arabia limit (20 ppb). Additionally, Karmi
[7] reported that the concentration of AFLs residue in
the inspected samples was 2.6 ppb in basterma, 2.7
ppb in a burger, 2.3 ppb in luncheon, 2.5 ppb in
minced meat, and 2.7 ppb in kofta. All of the
examined samples were within the international
permissible limits. Additionally, Ibrahim et al.* found
that the tested samples did not surpass the allowable
levels for burger, minced beef, luncheon, and
sausage, with respective results of 0.73, 0.65, 1.63,
and 0.77 ppb. A study by Kademi et al. [25] reports
that mycotoxigenic fungi can contaminate meat
products and make AFLs, OTA, and other
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mycotoxins at different stages of the manufacturing
process, from polluting food for livestock on the
farm to eating the finished product at the table. Yang
et al. [26] believe that food additives, particularly
spices, are a major source of mycotoxin
contamination during meat processing.

Ochratoxin A is a secondary metabolite that
poses significant health hazards to both humans and
animals. It is predominantly produced by Aspergillus
spp. when the environmental and storage conditions
are conducive to their growth and multiplication
[27]. The majority of mycotoxins are heat-tolerant,
so they are unaffected by cooking or processing [7].
According to the results in Fig. 1 and Table 2, no
samples were above the legal and regulatory
limitations (> 5 ppb) for meat products [23,28].
Furthermore, OTA residual levels in burger,
luncheon, and sausage samples differ considerably
from minced beef, basterma, and kofta (p < 0.05).
The results reported by Karmi [7] were nearly
identical, with OTA residues present in 92%, 96%,
80%, 72%, and 88% of basterma, burger, luncheon,
minced beef, and kofta samples, respectively. The
concentrations (ppb) were 2.5 + 0.15, 1.04 £ 0.14,
1.4 +0.16, 1.03 + 0.14, and 1.04 + 0.13, on average.
Abd-Elghany and Sallam [29] found OTA in 67% to
100% of the analyzed samples, with concentrations
of 7.8 ppb in sausage, 5.23 ppb in luncheon, and 4.55
ppb in burgers. Zadravec et al. [30] found OTA
contamination in  14% of samples, with
concentrations reaching 6.86 ppb in beef products. In
the sausage samples that were examined, Algammal
et al. [19] detected OTA residual in only 10% of the
samples, with a mean value of 10 + 2.9 ppb. The
examination of the minced meat and basterma
samples yielded negative results for OTA. Moreover,
Ulusoy et al. [2] failed to discover OTA residues in
the analyzed samples. These fluctuations were
attributed to changes in the number and types of
additives used in meat product manufacture, changes
in temperature and time exposure, and sanitary
procedures utilized during processing. Moreover, the
cattle's feed may have contaminated the meat with
mycotoxins [22].

Food decontamination frequently employs
physicochemical technologies, but these technologies
require specific conditions that are often unattainable
in numerous industrial sectors. Currently, probiotic
strains and their enzymes perform biological
detoxification, a promising technique for reducing
the risk associated with the occurrence of xenobiotics
in meals. The findings of numerous studies have
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demonstrated that probiotics are an efficient, viable,
and cost-effective method for preventing xenobiotic-
induced dysbiosis and mitigating the adverse effects
of these substances [30].

It was found that the amount of AFLs found in
experimentally contaminated semi-dry fermented
sausage samples dropped significantly (p < 0.05)
after different probiotics were added along with
standard AFLs (Table 3 and Fig. 2). The groups
treated with L. acidophilus (G1) showed a high
reduction rate, which ranged from 35.8% on the 2™
day to 73% on the 4™ day. This rate reached an
optimal reduction of 98.2% on the 7" day of cold
storage, accompanied by a decrease in concentration
from 2.976 ppb on the 2" day to 0.085 ppb on the 7™
day. The impact of B. lactis (G2) and S. cerevisiae
2% (G4), on the reduction rate of the inoculated
samples did not differ. All samples examined by the
time show a good association between the
consumption of various probiotics and their impact
on experimentally contaminated semi-dry fermented
sausage samples using standard OTA (Table 4 and
Fig. 3). The results confirmed that the use of L.
acidophilus (G1) and S. cerevisiae at 2% (G4)
achieved the highest reduction rate (69.8% and
58.3%), followed by B. lactis treatment at 48.2%.
Moreover, there is a significant variance (p < 0.05) in
the reduction of OTA in the studied samples.

Lactobacillus acidophilus and Bifidobacterium
lactis's potential mechanisms of detoxification are
therefore linked to their ability to bind the toxic
compounds due to the presence of peptidoglycan and
polysaccharides in the cell wall. Reactive functional
groups and compounds present in the cell wall, such
as proteins, peptidoglycan, and polysaccharides; 1,3-
B-glucan for the yeast cell wall, are recognized to be
responsible for probiotic binding capacity. The
differences between the strains to toxin absorption
and binding are probably due to the diversity in cell
wall structures and bacterial cell membranes [31]. To
sum up, the two hypotheses are attributed to the
probiotic detoxification action. The first mechanism
consists of the physical connection between the
probiotic and contaminant. The second is when
probiotics and strains can mitigate the carcinogenic
danger through their metabolism. The cell wall of
probiotics is primarily composed of peptidoglycan
found in glycan chains consisting of alternating N-
needles tilglucosamine and N-2 acetylmuramic acid,
linked by B-1,4 bond [32].
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Probiotics and yeasts reduce the quantity of
bacterial toxins by preventing pathogens from
adhering to the intestinal epithelium while increasing
the production of vitamins and antibacterial
chemicals such as antibiotics and bacteriocins.
Furthermore, probiotic metabolites play an important
role in maintaining intestinal homeostasis and
improving gastrointestinal health [13] and have an
important function in modulating the host immune
system [33].

Several studies came to the same conclusions. For
example, lbrahim et al. [1] tested two types of
probiotics and found that they could reduce AFL
residues by up to 88% and 98.3%, respectively, over
8 days. Haskard et al. [34] demonstrated that
probiotic strains could potentially eliminate AFB1,
achieving clearance rates of 78.9% and 76.5%,
respectively. Additionally, Karmi [7] concluded that
probiotics significantly lower AFLs and OTA in
meat products. Researchers also discovered that L.
acidophilus reduced AFLs and OTA in an
experimentally spiked burger by 71.1% and 97.2%,
respectively, while S. cerevisiae reduced them to
96% and 61%, respectively. The results show that
probiotics may be able to biologically detoxify AFLs
and OTA produced by fungi in several ways of
action  (decreasing intestinal pH, lowering
colonization and multiplication of pathogens,
metabolites, boosting the host immune response,
bind toxins) [31]. This is in line with what Maha et
al. [16] found, which was that probiotics could
completely remove AFLs, and what Ghazvini et al.
[35] found, which was that probiotics could lower
AFLs by more than 99%. It is imperative to
safeguard against mycotoxicosis, as the potential
occurrence of AFLs and OTA in the diet is
inevitable. The most appropriate alternative is the
inclusion of microorganisms in the diet that are
capable of removing AFLs and OTA. The US Food
and Drug Administration (FDA) recently established

a regulatory framework for the use of "live
biotherapeutic ~ products” (LBP) in clinical
applications, classifying them as biological products
intended to prevent and cure mycotoxicosis [36].

Conclusion

Some meat products in this research, subjected to
varying degrees of AFLs and OTA residues, did not
meet the regulatory limits. The results indicate that
probiotics such as L. acidophilus, B. lactis and S.
cerevisiae can potentially serve as decontaminants in
the food industry as well as can replace chemical
preservatives in producing organic foods and reduce
the levels of mycotoxins in beef products intended
for human consumption. Proper hygiene measures
must be taken during the preparation and storage of
processed meat; further research is also necessary to
corroborate the findings regarding the utilization of
probiotics.
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TABLE 1. Total AFL residues (ppb) in examined beef products and their acceptability* (n=30 of each)

Beef products Min Max MeantSE Acceptable sample Unacceptable sample
No % No %
Burger 3.63 22.84 13.89+2.62° 24 80 6 20
Minced beef 2.49 8.73 5.47 +1.55° 30 100 0 0
Luncheon 3.93 24.23 1126 +2.72° 22 73.3 8 26.7
Basterma 1.38 5.62 3.31 +1.85° 30 100 0 0
Kofta 3.88 21.21 1138 +2.15° 26 86.7 4 133
Sausage 3.54 22.43 12.67+2.37° 22 73.3 8 26.7

*According to FAO (2004) regulator limits (< 20 ppb) for meat products. **Means with different superscripts within the

same column significantly (p < 0.05) different.
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TABLE 2. Ochratoxin A residues (ppb) in examined beef products and their acceptability* (n=30 of each)

Product Min Max MeanSE Acceptable sample Unacceptable sample
No % No %
Burger 1.03 3.83 2.64+0.14° 30 100 0 0
Minced beef 0.98 1.91 1.56+0.12" 30 100 0 0
Luncheon 1.45 3.54 2.76+0.43% 30 100 0 0
Basterma 0.72 1.85 1.23+0.65° 30 100 0 0
Kofta 115 293  1.78+0.74° 30 100 0 0
Sausage 0.97 2.78 2.32+0.57° 30 100 0 0

*According to FAO (2004) and WHO (2002) regulator limits (< 5 ppb) for meat products. > *Means with different
superscripts within the same column significantly (p < 0.05) different.

TABLE 3. Effect of different probiotics on AFL concentration (ppb) experimentally contaminated semi-
dry fermented sausage sample

Probiotic group Mean + SE of AFL concentration (ppb)

Zero 2" day 5™ day 77 day
G1 4.632% 2.976° 1.264° 0.085°
G2 4.597° 3.172° 1.422° 0.774°
G3 4.613% 3.6372 1.638? 1.0042
G4 4,588 3.287° 1.376° 0.867"

G1: samples treated with L. acidophilus (107cfu/g). G2: samples treated with B. lactis (10’cfu/g). G3: samples
treated with S. cerevisae 1%. G4: samples treated with S. cerevisae 2%. Values within the same column have
different superscript letters are significantly different at p < 0.05. Values are expressed as mean + standard error (SE)
of three determinations.

TABLE 4. Effect of different probiotics on OTA concentration (ppb) experimentally contaminated semi-dry
fermented sausage sample

Group Mean + SE of OTA concentration (ppb)

Zero 2" day 5™ day 7" day
Gl 1.596° 1.332° 1.106° 0.482°
G2 1.648° 1.482° 1.268° 0.854°
G3 1.663° 1.533° 1.378° 0.973
G4 1.629% 1.387° 1.18° 0.679°

G1: samples treated with L. acidophilus (107cfu/g). G2: samples treated with B. lactis (107cfu/g). G3: samples treated
with S. cerevisae 1%. G4: samples treated with S. cerevisae 2%. Values within the same column have different
superscript letters are significantly different at p < 0.05. Values are expressed as mean + standard error (SE) of three
determinations.

Minced Luncheon Basterma Sausage
beef

Meat products

Fig. 1. Percentage of meat products containing AFTs and OTA residues
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Fig. 2. Reduction percentage of AFL concentration after different probiotics treatments.

G1: samples treated with Lactobacillus acidophilus (10" CFU/g). G2: samples treated with Bifidobacterium lactis (107
CFU/g). G3: samples treated with Saccharomyces cerevisae 1%. G4: samples treated with Saccharomyces cerevisae
2%.The discrepancy in the meat products sample reviewed was exceedingly substantial (p < 0.05) except for G2 and G4.

Ochratoxin Areduction %

Probiotic treatments

G3

* Zero

¥ 2nd days
27 3,

® 5th days
' ¥ 7th days
(1]

G4

Fig. 3. Reduction percentage of OTA concentration after different probiotics treatments.

G1: samples treated with Lactobacillus acidophilus (10’ CFU/g). G2: samples treated with
Bifidobacterium lactis (10’7 CFU/g). G3: samples treated with Saccharomyces cerevisae 1%. G4:
samples treated with Saccharomyces cerevisae 2%. The reduction of OTA in examined samples is

significantly different (p < 0.05)
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