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Abstract

A total of 100 random samples of whole Tilapia (Oreochromis niloticus) and fillet of Tilapia (50 of each)
were collected from different fish markets in Gharbia Governorate to evaluate pH, mycological contamina-
tion, and their total aflatoxin and ochratoxin A residues. The obtained results revealed that the mean+SE pH
values were 6.1+0.05 and 6.3+0.03 and the mean total mould count values+SE were 3.63x10%+£8.75x10 and
1.65x10%+£4.78x10 cfu/g of whole Tilapia and fillet of Tilapia, respectively. It was found that the mean value
of the total aflatoxin (ng/kg) in the examined samples were 0.55+0.2 pg/kg for whole Tilapia and 0.68+0.06
ng/kg for the fillet samples. Whereas the mean values of ochratoxin A were 2.79+0.6 pg/kg for and 0.12+0.01
ng/kg for the whole tilapia and fillet, respectively. Six fungal species were identified in the current study. The
most prevalent fungal species were Aspergillus niger, followed by A. flavus. However, the least dominant were
A. terreu, A. westerdijkiae, and A. pseudocaelatus, Alternaria alternate, Cladosporium cladosporidiae, Mucor
species and Penicillium species. In conclusion, the investigated whole tilapia and fish fillet is contaminated by
mould. Aflatoxin and ochratoxin were detected in the examined samples. Therefore, continuous monitoring of
the occurrence of mycotoxins in the retailed fish and fish products are highly recommended to ensure product
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INTRODUCTION

Animal proteins are produced in large part from fish. Fish
farming is spreading quickly over the world to meet the rising
demand for fish for human use and to make up for the lack of an-
imal protein. Due to its low cost and delicious flavour of Nile Tila-
pia, Oreochromis niloticus is regarded as one of the most popular
fish in Egypt. It is commonly cultivated due to its quick growth,
tolerance to disease and stress, ease of reproduction, and low
energy and management needs (Shaltout et al., 2001; Shaltout,
2003; Nandlal and Pickering, 2004; Hassan et al., 2014; Shaltout
et al., 2014; Shaltout et al,, 2015; Shaltout et al., 2016; Edris et al.,
2017a; El-khamisy, 2020).

Fish products may cause the environment to reabsorb mois-
ture during storage, which accelerates microbial development
and increases the presence of Aspergillus spp., Rhizopus spp.,
and Penicillium (Shaltout and Salem, 2000; Shaltout, and Hashim,
2002; El-Diasty and Salem, 2007; Edris et al, 2017b; Saad et al,
2020). Due to poor hygiene, cleaning, or maintenance in open
and unprotected shells, the market may be a source of seafood
contamination, allowing dust and fungal spores to accumulate
on the product, resulting in fungal growth, toxin generation, and
product spoiling (El-diasty 2004; Fredrick et al., 2016; Hassan et
al.,, 2020).

According to Ali (2022), one of the main reasons for fish
deterioration, which can endanger public health and generate
financial losses, is microbial contamination of fish. Aspergillus,

Tilapia Oreochromis niloticus, Filet fish, Mould, Aflatoxin, Ochratoxin A

Penicillium, and slime, which are widespread and predominantly
involved in saprophytic putrefaction processes, are examples of
common fungal pollutants of concern. Because they can serve
as secondary invaders on small, superficial lesions, saprophytic
oomycetes are thought of as opportunistic pathogens.

Aspergillus flavus and Aspergillus parasiticus both have the
ability to produce aflatoxins, a particular class of harmful second-
ary metabolite. They are crucial for both economic and health
reasons. The International Agency for Research on Cancer has
classed the known hepatocarcinogen aflatoxin B1 as a Class |
human carcinogen. To preserve human health, its bioavailability
must be decreased (Amnah, 2013). Ochratoxins (OTA) are a ma-
jor problem. Fish may contain contaminants that are harmful to
both human and animal health. They can have sub-chronic and
chronic effects on people, although OTAs" acute toxicity is rarely
documented in people (Hassan and Shaltout, 2004; Hassan et al.,
2019; Saad et al., 2020).

As a result, the current study was conducted for the isolation
and identification of fungi, as well as the detection of total Af-
latoxin and Ochratoxin A in whole Tilapia fish and fillet, and to
discuss their public health impact.

MATERIALS AND METHODS
Collection of samples

In the Gharbia Governorate, 100 samples of whole tilapia
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(Oreochromis niloticus) and 50 samples of tilapia fillet were gath-
ered from various fish markets. Each sample was labeled, stored
separately in a sterile plastic bag, and kept in the freezer. All of
the gathered samples were quickly sent to the lab, where they
underwent ELISA immunoaffinity analysis to determine whether
they were contaminated with mould and how much total aflatox-
ins and ochratoxin A they contained.

Detection of pH in fish flesh (Pearson, 2006)
Preparation of samples (ISO 6887/3/2007)

Twenty five grams of fish product samples were blended and
stirred for two minutes in a stomacher bag after being asepti-
cally combined with 225 ml of water containing 0.1% peptone.
To achieve a dilution of 10°'. Shaking was used to combine the
food homogenate, and then 1.0 ml was pipetted into a tube con-
taining 9.0 ml of 0.85% saline and gently mixed. 1.0 ml of the
first dilution was pipetted into the tube for the second dilution,
which contained 0.85% saline. The mixture was allowed to settle
for 5 minutes at room temperature after this stage, which was
repeated until a 10 dilution. These microbiological tests were
performed on the produced homogenate.

Total Mould Count (ISO 21527/2/2008)

One mL of the previously made serial dilutions was used to
inoculate duplicate plates of Dichloran Rose Bengal agar plates.
The inoculation plates were incubated for five days at 25°C, and
on the fifth day, the count was reported.

Identtification of isolated mould (Pitt and Hocking, 2009)

The rate and pattern of growth as well as colour, texture, bas-
al and surface mycelia, colony reversal, rate of colony expansion,
and diameter might all be used to macroscopically identify an
isolated mould. The produced slides were further examined mi-
croscopically to characterize the morphological structures of the
mould growth. Low power and oil immersion lenses were used.

Detection of total aflatoxin (Sahar et al,, 2013)

A competitive direct enzyme linked immunosorbent assay
(CD-ELISA) method was used to evaluate the quantitative analy-
sis of total aflatoxins. The technique is based on precise mycotox-
in monitoring. The Veratox test kits (Neogen Crop, Lansing, MI.
USK. Approved by the USDA-GIPSA (2008-011) and the AOAC re-
search institute (certificate No. 950702) were utilized. According
to the manufacturer's instructions, the analysis was completed.
Awareness Technology Inc.'s log/log it program was used to cal-
culate the concentration of aflatoxins (Anonymous, 2000; Stoloff
et al., 1999). The concentration of total AF Levels in the tested
samples were estimated from the standard curve relation optical
density versus total AF standards. The detection of total aflatoxin

was determined in Animal health Research, Giza, Egypt.
Detection of total aflatoxin and ochratoxin A (Baydar et al.,, 2007)

The procedure was carried out in accordance with the instruc-
tions provided by the manufacturer of the quantitative test kit
for OTA, R- Biopharm, RIDASCREEN*Ocratoxin A (R- Biopharm,
Darmstadt, Alernania), which has a detection limit of 1.25 g kg,
a recovery percentage of approximately 100%, and a specificity
for OAT of 100% (Biopharm 2021). The concentration of OTA in
the sample was quantified by photometric measurement at 450
nm using an absorbance microplate reader, model number EL800
(Bio tech Instruments INC®, Winooski, VT, EE.UU). Six standard
OTA solutions (0, 50, 100, 300, 900, and 800 ng/kg) were used to
produce the calibration curve, and the OTA-specific RIDA® SOFT
Win programme (Art, Z 9999, R- Biopharm ®, Darmstadt, Germa-
ny) was used to handle all the experiment’s data. The detection
of ochratoxin A was determined in Animal health Research, Giza,

Egypt.

Statistical Analysis

According to Feldman et al. (2003), the analysis of variance
(ANOVA) test was used to statistically assess the results.

RESULTS

Tilapia is a popular fish due to its low to moderate fat lev-
el and excellent protein quality. As a result, this fish has a wide
range of health benefits, including weight loss, increased metab-
olism, bone strengthening, lowering the risk of numerous chronic
diseases, and preventing arthritis and cancer. Tilapia species are
among the most frequently grown freshwater fish, distinguished
by their high development rate and ability to co-culture with
prawns in a polyculture system. Although Oreochromis niloti-
cus has a quick growth rate, it does not withstand high salinity,
and the demand for tilapia has increased exponentially in recent
years, particularly in warm countries such as Egypt and the Mid-
dle East (Richardson, 2017).

Maize bran, wheat bran, rice bran, soy meal, cotton seed
cake, fish meal, bone meal, and termites are used to make fish
feeds (Aanyu et al. 2018). Unfortunately, some of these substanc-
es can be contaminated and colonized by fungus that create haz-
ardous secondary metabolites known as mycotoxins (Rutaisire,
2007; Udomkun et al., 2017). These mycotoxins, if consumed, can
harm the health of both fish and humans (Matejova et al., 2016).
Fish contamination can also be linked to raw materials, work-
ers, and processing instruments like forklifts via leaks, building
openings, and vermin. Some diseases may even establish them-
selves in processing facilities by surviving in niches for extended
periods of time. The quality of fish is a major concern for food
processors, consumers, and public health authorities, and the
provision of safe, healthy, and acceptable fish and its products
as food to customers, as well as microorganism control, is critical

Table 1. Statistical analytical results of pH in the examined samples of examined samples and Acceptability of the examined samples according to their pH values

(n=50).

Max. permissible limit

No. of examined

Type of samples Accepted Unaccepted
samples Min Max Mean+£S.E P P
No. % No. %
Tilapia Oreochromis niloticus fish 50 5.6 6.61 6.1+0.05 46 92 4 8
fillet of Tilapia Oreochromis niloticus Fish 50 6 6.72 6.3+0.03 45 90 5 10
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to meeting these objectives (Adebayo- Tayo et al,, 2012). Table 1
revealed that the pH values in the examined fish samples were
varied from 5.60 to 6.61 with an average of 6.1+0.05 in Tilapia
fish, 6.00 to 6.72, and an average of 6.30+0.03 in fillet of Tilapia.
The observed results agreed to those of Zaky and Ibrahim (2017);
Elsherief (2019). The Egyptian Organization for Standardization
(EOS) reported that the crucial limits of pH for cold fish portions
should not exceed 6.5. According to Daramola et al. (2007), pH is
a measure of the extent of microbial spoilage in fish, and some
proteolytic bacteria create acid after carbohydrate degradation,
increasing the acid level of the medium. The pH value is an accu-
rate predictor of freshness or deterioration. The decrease in pH
is caused by the fish’'s carbohydrate being fermented to acids.
Ozyurt et al. (2007) discovered that a pH range of 6.8-7 was in-
dicated as an acceptable limit for fish, with values above 7 being
spoilt.

Moulds in fish are caused by inadequate hygiene during the
catching, handling, processing, salting, storage, transport, distri-
bution, and marketing of fish. Mould contamination has created
undesirable alterations in the fish, rendering it unsellable. Fur-
thermore, the danger of consumers acquiring the related disease
has increased, presumably due to the synthesis of aflatoxins by
particular strains of fungi. Figure 1 stated that the mean+SE (log,,
cfu/g) values of mould were 5.03+3.4 (log,, cfu/g) in Tilapia fish

Table 2. Incidence of moulds species isolated from the examined fish samples.

samples, while they were 3.08+2.6 (log,, cfu/g) in fillet of Tilapia
fish samples. There was a significance difference (P<0.05) be-
tween the mean log counts of both fish and fillet samples. The re-
sults of total mould count of examined fish samples were nearly
similar to those obtained (Barbosa et al, 2013) who reported that
mean mould counts were 2.9x103+£0.6x 10%. El-khamisy (2020) re-
corded that Nile tilapia fish was the highest one as mean mould
count/g in ranged from 1.1x10°+3.4x10* cfu/g. Tilapia nilotica
showed a higher total mould count than Mugil cephalus, accord-
ing to Nader et al. (2019). In the tested Tilapia nilotica and Mugil
cephalus, the mean total mould counts were 3.63 x102+£8.75x10
and 1.65 x102+4.78x10 CFU/qg, respectively. This could be linked
to Tilapia nilotica's higher moisture content than Mugil cephalus,
which could lead to a higher mould contamination.

This fungal infection may suggest a lack of hygiene at the
time of capture. Mould spores can grow in refrigerators, chillers,
Fisher Hands, and garments due to environmental conditions
(Mizakova et al., 2002; Reij and Den Aantrekker, 2004). Fungal
contamination of fish can cause spoiling and the creation of my-
cotoxins, which are carcinogenic and can cause liver illness and
organ damage in humans (Darwish et al., 2014).

Results in Table 2 showed six fungal species were isolated
from Tilapia fish and fillet of Tilapia. Table 2 showed that Tilapia
nilotica fish had the highest value of isolation percentage of As-

Tilapia Oreochromis niloticus fish

Fillet of Zilapia Oreochromis niloticus fish

Mould species

No. % No. %
Alternaria alternate 5 4.59 1 2.44
Aspergillus species
A. flavus 25 22.94 10 24.4
A. niger 30 27.52 9 21.95
A. penicilloides 0 0 2 4.88
A. pseudocaelatus 2 1.83 0 0
A. terreus 3 2.75 0 0
A. westerdijkiae 3 2.75 0 0
Cladosporium cladosporidiae 13 11.93 2 4.88
EuPenicillium spp. 2 1.83 3 7.32
Mucor species 3 2.75 10 24.4
Penicillium species
P, citrinum 10 9.17 2 4.88
P. corylophilium 5 4.59 1 2.44
P. griseofulvum 3 2.75 1 2.44
P. simplicissimum 5 4.59 0 0
Total 109 100 41 100

Table 3. Determination of total aflatoxin in fish flesh samples.

Total aflatoxin positive samples

Amount of total aflatoxin (ppb)

Type of fish product No. of samples No. % Min. Max. Mean+SE.
Tilapia Oreochromis niloticus fish 50 5 10 0.06 0.96 0.55+0.2

Fillet of Tilapia Oreochromis niloticus 50 4 8 0.71 0.83 0.68+0.06
Table 4. Determination of ochratoxin A in fish flesh samples.

Ochratoxin A positive samples Amount of Ochratoxin A (ppb)

Type of fish product No. of samples No. % Min. Max. Mean+SE.
Tilapia Oreochromis niloticus fish 50 6 12 0.05 32 2.79+0.6

Fillet of Zilapia Oreochromis niloticus 50 5 10 0.09 0.15 0.12+0.01
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pergillus niger (27.52%) followed by A. flavus (22.94 %), however,
the lowest values were obtained for A. terreus, A. westerdijkiae,
and A. pseudocaelatus 2.75, 2.7 5 and 1.83, respectively. While the
values were obtained for Cladosporium cladosporidiae and Alter-
naria alternate 11.93%, and 4.59%, respectively. Fillet of Tilapia
had A. flavus as the highest value of isolation percentage (24.4%)
followed by A. niger (21.95%) while the lowest values were ob-
tained for P, citrinum (4.88%), P. corylophilium (2.44%) and P, gris-
eofulvum (2.44%), respectively.

Mean total mould count

Mean of total mould (log10 cfu/g)
O R N WG O

fillet of Tilapia Oreochromis
niloticus

Tilapia Oreochromis niloticus
fish

Fig. 1. Mean value of mould count (log,, cfu/g) in examined samples (n=50).

Contamination of fish feed with Aspergillus species, par-
ticularly A. flavus and A. niger at high humidity levels leads to
increased fungal growth during feed storage at high humidity
(Almeida et al., 2011; Kumar et al, 2017). Contaminated water,
worker hands and food play a very important role in fish health
(Nader et al., 2019).

In agreement with our findings, Junaid et al. (2010) reported
that all stockfish samples were contaminated with fungi. Seven
different fungi were found to be associated with the stockfish
samples sold in the four different markets: Mucor Spp, Asergil-
lus flavus, Trichophyton verrucosum, Aspergillus niger, Aspergillus
fumigatus, Penicillium spp., and Rhizopus spp., among the isolat-
ed fungi, Mucor Spp was found to occur the most frequently. A.
niger, A. flavus, A. versicolor, A. parasiticus, Rhizopus spp., Mucor
spp.. Phoma herbarum, and Trichoderma hamatum were isolat-
ed from Tilapha nilotica, according to Ali et al. (2011). According
to Nader et al. (2019), Aspergillus niger (73.91%) and A. flavus
(86.95%) were the most dominant mould species in tilapia fish,
whereas A. ochraceus, A. parasiticus, and Alternaria species had
the lowest rates. Therefore, improper sanitation during fish han-
dling, catching, storage, marketing, and production may be the
cause of the fungal contamination of fish (Shaltout and Hashim,
2002). By displaying a spectrum of four species, Zaky and Ibrahim
(2017) noted that the dominant genus is Aspergillus; Penicillium
follows with three species. From the studied fresh fish samples,
the remaining taxa were only represented by two or one species.

According to information in Table 3, total aflatoxins residues
were found in 5 (10%) of the whole Tilapia fish and 4 (8%) of
the fillet samples. Total aflatoxin residues’ concentrations (ug/Kg)
ranged from 0.061 to 0.96 with a mean value of 0.55 to 0.20 in
the whole tilapia and from 0.71 to 0.83 with a mean value of 0.68
to 0.06 in the fillet samples. These results were less than what
Saad et al. (2020) reported. Due to the generation of mycotoxins,
mould contamination poses a significant concern (El-Diasty and
Salem, 2007; Saad et al.,, 2020). While modest amounts result in
liver disorders and organ damage, high levels of these mycotox-
ins induce liver cancer.

The residual concentrations of total aflatoxin in the whole ti-
lapia and the fillet were accepted according to FAO (2004) and
European Commission (2006) and (2010) who reported that total
aflatoxin should not exceed 4-15 pg/kg.

Ochratoxin A residues were found in 6 (12%) of the whole
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fish and 5 (10%) of the fillet samples, according to data shown in
Table 4. Total ochratoxin A residue concentrations (ug/Kg) ranged
from 0.05 to 3.20 in the analyzed samples, with a mean value of
2.79+0.6 in the whole tilapia and from 0.071 to 0.15 with a mean
value of 0.12+0.01 in the fillet samples. Because the incidence of
ochratoxin A does not exceed the international permissible limits
(5 pg/Kg) previously recorded by FAO (2004), the examined Tila-
pia fish samples and fillet of Tilapia are considered acceptable.
The health of both people and animals is seriously endangered
by ochratoxin (OTA). They can have subchronic and chronic ef-
fects on people, but OTAs' acute toxicity is rarely documented
in people. According to research conducted on animals, OTA is
teratogenic, immunotoxic, hepatotoxic, and nephrotoxic (Rich-
ard, 2007).

According to Saad et al. (2020), ochratoxin A was present in
16.67% of smoked herring, 6.67% of canned sardines, and 6.67%
of frozen fish fillets. Ochratoxin A was completely detected in
10% of the samples of fish products analyzed. Whereas the mean
concentrations of ochratoxin A (+g/kg) were 3.24+0.39 pg/kg
in the frozen fish fillets, 5.60+0.61 g/kg in canned sardines, and
6.52+0.74 g/kg in smoked herring samples. All the examined fro-
zen fish fillets were accepted but 6.67% of the examined smoked
herring and 3.33% of the examined canned sardines were reject-
ed due to their high level of OTA.

Aflatoxin B1 was found in the feed components in Brazil at a
mean value of 3.8 pg/kg (ranging from 1.6 to 9.8 g/kg). Addition-
ally, it was found in commercial diets at mean concentrations of
1.40 pg/g together with fumonisins (mean, 1.60 ug/g). Aflatoxin
B1 was also detected at 92.0% of locally produced fish feed in
Nigeria, with concentrations as high as 550.8 pg/g. Ochratoxin A
was also detected at 23.3% of the fish feed samples examined in
Egypt (Oliveira and Vasconcelos, 2020).

CONCLUSION

Due to increasing mycotoxin contamination, the use of plant-
based feed ingredient in fish farms can seriously jeopardize aqua-
culture productivity. Mycotoxins cause large economic losses in
fish because they increase sickness, mortality, and the prevalence
of reproductive issues while decreasing weight gain. Addition-
ally, even trace amounts of mycotoxins can seriously endanger
the health of fish consumers if they are consumed. On the oth-
er hand, chronic effects like cancer or immunodeficiency might
result from prolonged human exposure to modest amounts of
mycotoxins. Therefore, methods for reducing exposure and pre-
venting contamination before and after harvest are of utmost
relevance. To safeguard aquaculture as it develops, monitoring
of raw materials and finished feed should become standard pro-
cedure.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Aanyu, M., Carpaij, C., Widmer, M., 2018. Effect of diets with graded levels
of inclusion of cotton and sunflower seed cake on the growth
performance and feed utilization of Nile tilapia, Oreochromis ni-
loticus. Livest. Res. Rural Dev. 2012, 24.

Adebayo- Tayo, B.C., Odu, N.N., Anyamele, L.M., Qwiloh, N.J.P.N., Okonko,
1.0. 2012. Microbial Quality if frozen Fish sold In Uy. Metropolis
Nature Sci. 10, 71-77.

Ali, A, 2022. New technique for improving fish packaging hygiene and
prolonged shelf life. Afri. J. Biotechnol. 21, 237-251.

Ali, EH.,, Hashem, M., AlSalahy, M.B., 2011. Pathogenicity and oxidative
stress in Nile Tilapia caused by Aphanomyces laevis and Phoma
herbarum isolated from farmed fish. Dis. Aquat. Org. 94, 17-28.



Karam P.H. Anees et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 7, 1381-1385

Almeida, I.F., Martins, H.M., Santos, S.M,, Freitas, M.S., da Costa, J.M., D’
Almeida Bernardo, F.M., 2011. Mycobiota and aflatoxin B1 in feed
for farmed sea bass, Dicentrarchuslabrax. Toxins (Basel) 3, 163-71.

Amnah, A.H., 2013. Removal of aflatoxin B1 from experimentally contam-
inated whole milk using a pool of probiotic strains of lactic acid
bacteria and baker's yeast. New York Sci. J. 6, 84-90.

Anonymous, 2000. Veratox Software for Windows. Version 2,0, II. Technol-
ogy Inc,, Palm City, FL.

Barbosa, T.S., Pereyra, C.M,, Soleiro, C. A, Dias, E. O., Oliveira, A.A,, Keller,
K. M., Silva, Pedro, P.O., Cavaglieri, L. R, Rosa, C. AR, 2013. Myco-
biota and mycotoxins present in finished fish feeds from farms in
the Rio de Janeiro State, Brazil. Inter. Aquatic Res. 5, 2-9.

Baydar, T., Erkekoglu, P., Sipahi, H., Sahin, G., 2007. Aflatoxin B1, M1 and
ochratoxin A levels in infant formulae and baby foods marketed
in Ankara, Turkey. J. Food Drug Anal., 15, 8992.

Daramola, J.A., Fasakin, E.A., Adeparusi, E.O., 2007. Changes in Phys-
ic-chemical and sensory characteristics of smoke-dried fish spe-
cies stored at ambient temperature. Afr. J. Food. Agric. Nutri. Dev.
7,1120.

Darwish, W.S., Ikenaka, Y., Nakayama, S., Ishizuka, M., 2014. An overview
on mycotoxin contamination of food: African Scenario. J. Vet.
Med. Sci.76, 789-97.

Edris, A, Hassanin, F.S., Shaltout, F.A., Azza, H.E., Nairoz, M.A., 2017a. Mi-
crobiological Evaluation of Some Heat Treated Fish Products in
Egyptian Markets. EC Nutr. 12.3, 124-132.

Edris, M.A., Hassanin, F.S, Shaltout, F.A, Azza, H.E., Nairoz, M.A., 2017b. Mi-
crobiological evaluation of some frozen and salted fish products
in Egyptian markets. Benha Vet. Med. J. 33, 317-328.

El-khamisy, S.M., 2020. Prevalence of mould and their mycotoxins in fish
and fish feed.Thesis M.V.Sc., Faculty of Veterinary Medicine, Suez
Canal University, Egypt.

El-Diasty, E.M., Salem, R.M., 2007. Ochratoxigenic fungi isolated from fish
(Tilapia nilotica) and its public health significance. Egypt. J. App.
Sci. 22, 56-61.

El-Diasty, E.M., 2004. Study on mycological quality of fish. Ph.D. Thesis
(Meat Hygiene), Faculty Veterinary Medicine, Cairo University,
Egypt.

Elsherief, M.F.A.E., 2019. Chemical Studies on Farm Fishes in Kafrelshiekh
Governorate. Thesis, M.V.Sc,, Faculty of Veterinary Medicine,
Benha University, Egypt.

Egyptian Organization for Standardization and Quality Control "EOS”,
2005. Reports related to No. 3439,2005 for chilled fish. Egyptian
Standards, Ministry of Industry, Egypt.

European Commission (EC), 2006 Commission Regulation (EC) No.
1881/2006 of 19 December Setting Maximum Levels for Certain
Contaminants in Foodstuffs. Off. J. Eur. Union 364, 5-24.

European Commission, 2010. Commission Regulation (EU) No. 165/2010
of 26 February 2010 Amending Regulation (EC) No 1881/2006
Setting Maximum Levels for Certain Contaminants in Foodstuffs
as Regards Aflatoxins. Off. J. Eur. Union, 50, 8-12.

FAO, 2004. Worldwide regulation for mycotoxin in food and feed in 2003.
Rome, 2004. FAO. Food and Nutrition, p.81.

Fredrick, S.J., Immaculate, J., Patterson. E.J.K., 2016. Aflatoxin Investigation
on dried fish of Tuticorin, South East Coast of India. J. foodborne
Zoonot. Dis., 3, 49-62.

Feldman, D., Hoffman, R., Simpson, J., 2003. The solution for data analysis
and presentation graphic. 2" Ed., Abacus lancripts, Inc.,

Hassan, M.A,, Shaltout, F.A., Maarouf, A.A,, El-Shafey, W.S., 2014. Psychro-
trophic bacteria in frozen fish with special reference to pseudo-
monas species. Benha Vet. Med. J. 27, 78-83.

Hassan, M.A,, Shaltout, F.A.,, 2004. Comparative Study on Storage Stability
of Beef, Chicken meat, and Fish at Chilling Temperature. Alex. J.
Vet. Sci. 20, 21-30.

Hassan, M.A,, Shaltout, F.A,, El-sheikh, N.E., Sakr, N.M., 2019. Assessment
of histamine residues in smoked and salted fish. Benha Vet. Med.
J. 37, 50-52.

Hassan, M., Shaltout, F.A., Saqur, N., 2020. Histamine in Some Fish Prod-
ucts. Arch. Anim. Husb. Dairy Sci. 2, 1-3.

Ibrahim, M.S.A., 2017. Chemical indices for different types of fish and shell
fish spoilage. Thesis, Master of Veterinary Medicine, University of
Benha, Egypt.

Junaid, S. A, Olarubofin, F., Olabode, A.O., 2010. Mycotic contamination

of stockfish sold in Jos, Nigeria. J. Yeast Fung. Res. 1, 136-141.

Kumar, P., Mahato, D.K., Kamle, M., Mohanta, T.K, Kang, S.G., 2017. Afla-
toxins: a global concern for food safety, human health and their
manage-ment. Front Microbiol. 7, 2170.

Matejova, I, Svobodova, Z,, Vakula, J., Mares, J., Modra, H., 2016. Impact of
mycotoxins on aquaculture fish species: A review. J. World Aquac.
Soc. 48, 186-200.

Mizakova, A, Pipova, M., Turek, P., 2002. The occurrence of moulds in
fermented raw meat products. Czech J. Food Sci. 3, 89-94.

Nader, Y.M,, Kirrella, G.A., Aideia, HAA.M., Abo-Shaisha, J.M.M., 2019. As-
sessment of mould contamination of Tilapia nilotica and Mugil
cephalus fish and trials to reduce using natamycin. Slov. Vet. Res.
56, 515-522.

Nandlal, S., Pickering T., 2004. Tilapia fish farming in Pacific Island coun-
tries. Vol. 1: Tilapia hatchery operation. Noumea, New Caledonia:
Secretariat of the Pacific Community.

Oliveira, M., Vasconcelos, V., 2020. Occurrence of Mycotoxins in Fish Feed
and Its Effects. Toxins 12, 160.

Ozyurt, G., Polat, A., Tokur, B., 2007. Chemical changes in frozen (18°C)
wild sea bass (Dicentrarchus labrax) captured at different fishing
seasons. Int. J. Food Sci. Tech. 42, 887-893.

Pearson, D., 2006. Chemical Analysis of Foods. 11t Ed, Publishing Co.,
Churchill Livingstone, Edinburgh, London, United Kingdom.

Pitt, J.I, Hocking, A.D., 2009. Fungi and Food spoilage. 3™ Ed. Published
by Springer Dordrecht Heidelberg London New York. Publishers,
pp. 203-290.

Reij, M.\W., Den Aantrekker, E.D., 2004. Recontamination as a source of
pathogens in processed foods. Inter. J. Food Microbiol. 91, 1-11.

Richard, J.L., 2007. Some major mycotoxins and their mycotoxicosis an
overview. Int. J. Food Microb., 119, 3-10.

Richardson, B., 2017. Tilapia and Trout. Published by Nova Science Pub-
lishers, Inc. New York. Risk and benefits of tilapia. Chapter (1) Ed-
ited By Alam, L; Ahmed, M.F.; Zolkaply, S. Z.B. and Mokhtar, M.,
pp.1-26.

Rutaisire, J., 2007. Analysis of feeds and fertilizers for sustainable aqua-
culture development in Uganda. In Study and Analysis of Feeds
and Fertilizers for Sustainable Aquaculture Development; Hassan,
M.R., Hect, T, de Silva, S.S., Tacin, A.G.J., Eds., FAO Fisheries Tech-
nical Paper; FAO: Rome, Italy, 497, 471-487

Saad, M.S., Hassan, M.A,, Hassanien, F.S, Awud, A.A., 2020. Mycotoxin resi-
dues in some fish products. Benha Vet. Med. J. 39, 175-179.

Sahar, N., Arif, S., Afzel, Q., Ahmed, M., Ara, J., Chaudhry, Q,, 2013. Impact
of discoloration and picking practices of red chilies on aflatoxin
levels, Park. J. Bot. 45, 1169-1672.

Shaltout, F.A., 2003. Yersinia Enterocolitica in some meat products and
fish marketed at Benha city. The Third international conference
Mansoura 29-30 April.

Shaltout, F.A., Ghoneim, A.M., Essmail, M.E., Yousseif, A., 2001. Studies on
aflatoxin B1 residues in rabbits and their pathological effects. J.
Egypt. Vet. Med. Ass. 61, 85-103.

Shaltout, F.A., Hashim, M.F.,, 2002. Histamine in salted, Smoked and
Canned Fish products. Benha Vet. Med. J. 13, 1-11.

Shaltout, F.A,, Amin, R, Nassif, M.Z., Abdel-wahab, S., 2014. Detection of
aflatoxins in some meat products. Benha Vet. Med. J. 27, 368-374.

Shaltout, F.A., Hashim, M.F,, Elnahas, S., 2015. Levels of some heavy metals
in fish (Tilapia nilotica and Claris lazera) at Menufia Governorate.
Benha Vet. Med. J. 29, 56-64.

Shaltout, F.A,, Salem, R.M., 2000. Moulds, aflatoxin B1 and Ochratoxin A
in Frozen Livers and meat products. Vet. Med. J. Giza 48, 341-346.

Shaltout, F.A,, Salem, R, Eldiasty, E.M., Diab, F., 2016. Mycological evalua-
tion of some ready to eat meat products with special reference to
molecular characterization. Vet. Med. J. Giza, 62, 9-14.

Stoloff, L., Egmond, H.P., Park, D.L.,, 1991. Rationales for the establishment
of limits and regulations for aflatoxin transport, mycotoxins. Food
Addit. Contam., 8, 213-216.

Udomkun, P., Wiredu, A., Nagle, M., Bandyopadhyay, R., Muller, J., Vanlau-
we, B, 2017. Mycotoxins in sub-sahara Africa: Present situation,
socio-economic impact, awareness, and outlook. Food Control,
72,110-122.

Zaky, M.M.M., Ibrahim, M.E., 2017. Screening of Bacterial and Fungal Biota
Associated with Oreochromis niloticus in Lake Manzala and Its
Impact on Human Health. Health, 9, 697-714.

1385



