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Abstract 

Mycotoxins (MTs) are secondary toxic metabolites that can contaminate food, impacting quality and safety, lead‑
ing to various negative health effects and serious pathological consequences conferring urgent need to evaluate 
and validate the currently standard methods used in their analysis. Therefore, this study was aimed to validate ELISA 
and VICAM immunoaffinity fluorometric, the two common methods used to monitor the level of MTs according 
to the Egyptian Organization for Standardization and Quality Control. A total of 246 food samples were collected 
and tested for Aflatoxins (196 samples), Ochratoxin A (139), Zearalenone (70), and Deoxynivalenol (100) using 
both analytical methods. Results showed that aflatoxins exceeded limits in 42.9, 100, and 13.3% of oily seeds, dried 
fruits, and chili and spices, respectively. For ochratoxin A, 3.9% of Gramineae and 8% of spices and chili (locally 
sourced) exceeded the limits, while 17.6% of imported pasta and noodles exceeded the limits for deoxynivalenol. Sig‑
nificant differences for the aflatoxins and ochratoxin A detection among different categories of chocolate, dried fruits, 
and oily seeds (p‑value < 0.05). No zearalenone contamination was detected in the exported, imported, and locally 
sourced categories. No deoxynivalenol contamination was detected in the tested Gramineae category. In contrast, 
for pasta and noodles, the imported samples exhibited the highest contamination rate (above the upper limit 
of 750 µg/kg) with 17.6% of the samples testing positive for deoxynivalenol with no significant difference among dif‑
ferent sample categories of Gramineae, pasta, and noodles (p‑value > 0.05). In conclusion, our study found no signifi‑
cant differences between the ELISA and immunoaffinity fluorometric analysis in the detection of the respective MTs 
in various food categories and therefore, they can substitute each other whenever necessary. However, significant 
differences were observed among different food categories, particularly the local and imported ones, highlighting 
the urgent need for strict and appropriate control measures to minimize the risk of MTs adverse effects.

Key Points 

1. Screening and quantitative estimation of four major MTs in various food matrices to ensure food safety and qual‑
ity have been done according to standard guidelines.

2. Our findings revealed that some of the tested MTs exceed limits and the possible attributed factors have been 
discussed and highlighted in the manuscript.

3. Results obtained proved non‑significant differences between the ELISA and immunoaffinity fluorometric analysis 
in the detection of Aflatoxins, Ochratoxin A, Zearalenone, and Deoxynivalenol in various food categories.
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Introduction
Food quality and safety are crucial to ensure that the mar-
ket is not harmed by selling subpar or hazardous food. 
The biggest threat to the safety of human food is posed 
by food-borne microorganisms, followed by MTs. addi-
tionally, MTs constitute the greatest risk when it comes 
to animal feeds (Bankole and Adebanjo 2003). MTs are 
secondary metabolites produced by phylum Ascomycota 
of the Fungi kingdom (Chatterjee et al. 2023). They com-
promise a group of low molecular weight molecules with 
a wide range of chemical properties that can be found 
in processed foods, agricultural goods, and the environ-
ment (Chilaka and Mally 2020). They are regarded as one 
of the most significant pollutants in foods, and feeds. 
As stated by the United Nations Food and Agricultural 
Organization (FAO), more than 25% of the global agri-
cultural production contains MTs, which causes financial 
losses in the grain business (Rahmani et  al. 2009). MTs 
are mostly ingested, but they can also be inhaled through 
dermal and respiratory routes. The magnitude of harmful 
mycotoxin effects on human or animal health is primar-
ily determined by the level of exposure (dosage and dura-
tion), mycotoxin kind, nutritional and physiological state, 
and potential synergistic effects of additional chemicals 
that the animals or humans are exposed (Gajecka et  al. 
2013; Bertero et al. 2018).

In 1960, the incidence of the AF-caused sickness, tur-
key X disease, which claimed the lives of over 100,000 
turkeys, aroused interest in MTs. Following that, it was 
discovered that Hepatocellular carcinoma (HCC) is a 
cancer that is brought on by AFs in both humans and 
animals, which increased curiosity about MTs research 
(Liew and Mohd, 2018). These MTs are produced in 
several foods such as dried fruits, Gramineae (wheat, 
oat, rice, flour, corn, cereals, biscuits, cakes, break-
fast cereals for pediatrics), chili, spices, nuts, coffee 
(roasted and green), chocolate, cocoa and milk (Chat-
terjee et al. 2023). More than 500 MTs have been iden-
tified as having toxic potential so far. These include the 
OTA and AFs generated by Aspergillus species, the 
trichothecenes and fumonisins produced by Tricho-
thecium species, and the ZEN, DON, and fumonisins 
produced by Fusarium species (Horky et al. 2018). AFs, 
OTA, ZEN, DON, and fumonisins are the five most sig-
nificant MTs (Omar et al. 2020). The four most signifi-
cant AFs discovered are AFB1, AFB2, AFG1, and AFG2 
relying on their UV fluorescence and relative chroma-
tographic mobility during thin-layer chromatography. 
AFB1 is the most prevalent AFs found in human and 

animal feed. In fact, AFB1 is also the strongest known 
mammalian hepatocarcinogen and is categorized 
by the International Agency for Research on Cancer 
(IARC) as a Group I carcinogen (Liew & Mohd, 2018). 
AFB1’s primary target site is the liver. AFB1 undergoes 
biotransformation to become aflatoxin M1, which is 
hydroxylated, when cows eat AFs-contaminated feed 
(Kunter et al. 2017).

On the other hand, OTA’s primary target site is the kid-
ney. OTA has been connected to the etiology of several 
renal illnesses, including chronic interstitial nephritis 
(CIN) in Tunisia, Balkan endemic nephropathy (BEN), 
and kidney tumors in various Balkan Peninsula endemic 
locations (Fuchs and Peraica 2005). Additionally, OTA 
is a nephrotoxic, teratogenic, and immunosuppressive 
substance that was categorized as a Group 2B probable 
human carcinogen by the IARC (Ladeira et al. 2017). On 
the other hand, ZEN is considered an estrogenic myco-
toxin. In many animal species, particularly swine, cattle, 
and sheep, higher levels of ZEN intake (ZEN toxicosis) 
lead to increased estrogenic activity and cause disrupted 
conception, miscarriage, and other reproductive difficul-
ties like infertility, vulval edema and the feminization of 
male animals (Elkenany and Awad 2020). Alternatively, 
DON is a vomitoxin that causes vomiting, nausea, diges-
tive issues, oxidative damage, and reproductive toxicity in 
both animals and humans although it is not a human car-
cinogen (Ji et al. 2019). DON belongs to Group 3 accord-
ing to the IARC (non-carcinogenic substances) (Ji et  al. 
2019).

Numerous factors, including climate conditions, pest 
infestations, and improper harvesting and storage tech-
niques, have an impact on the proliferation of fungus 
as well as the formation of MTs in food. Mold grows 
more quickly, and MTs are produced as the humidity 
level rises during storage. Controlling the storage con-
ditions is one approach to reducing mycotoxin forma-
tion (Omar et al. 2020; Magan and Olsen 2004). Studies 
on food contamination and exposure to MTs are real-
tively uncommon in the Middle East (Raad et al. 2014). 
Furthermore, MTs have proven toxic effects at very 
low concentrations, affecting the quality and safety of 
foods resulting in various acute and chronic toxicities 
and several health complications. Accordingly, there is 
an urgent need to detect, quantitatively measure, and 
continuously monitor the level of the respective MTs in 
various food matrices to ensure food safety and quality.

The development of numerous analysis methods for 
the detection and quantification of MTs in food samples 
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has resulted from all of these attempts to set mycotoxin 
limits and standards (Janik et  al. 2021). Numerous 
analytical techniques, and rapid strip screening tests, 
have been validated and used for the analysis of MTs 
in food (Alshannaq and Yu, 2017; Agriopoulou et  al. 
2020). For on-site mycotoxin investigation, quick and 
easy screening approaches include immunochemical 
methods like ELISA (Al-Jaal et al. 2019). Multiple sam-
ples can be tested simultaneously by ELISA, which also 
offers precise detection. Compared to chromatographic 
technologies like HPLC or TLC, it is a high-through-
put test with lower sample volume requirements and 
fewer clean-up steps (Oplatowska et al. 2018; Singh and 
Mehta, 2020). however, This method has certain draw-
backs. Antibodies can interact with substances that 
share similar chemical groups. Mycotoxin concentra-
tions in test samples may be underestimated or overes-
timated because of matrix effect or matrix interference, 
which occurs in the ELISA method standards (Janik 
et al. 2021). Additionally, insufficient ELISA validation 
restricts the approach to the matrices for which it has 
been validated (Omar et al. 2020).

Regarding the fluorometric assay with immunoaffin-
ity clean-up column. The MTs must be extracted from 
the matrix in order to be released. The extract must be 
thoroughly cleaned to minimize matrix effects and get 
rid of everything that might get in the way of the next 
mycotoxin detection. The extract can be made more 
selective and sensitive through purification, which also 
improves quantification accuracy and precision. Solid 
phase extraction (SPE) and immunoaffinity columns 
(IAC) are the most often used techniques for myco-
toxin cleanup because they are effective, repeatable, 
and provide a wide range of selectivity (Alshannaq and 
Yu, 2017). IACs can be used as an effective, universal 
purification technique for tracing MTs since they are 
highly sensitive and selective. Furthermore, due to the 
specificity of the antibodies, it is a user-friendly and 
solvent-saving method (Liu et al. 2018). This approach 
does, however, have significant drawbacks. MTs have a 
limited capacity for absorption by columns, thus if the 
sample’s mycotoxin content exceeds that capacity, the 
mycotoxin will not be efficiently captured and bound, 
leading to incorrect results. In addition, the matrix’s 
many components may prevent the antibodies from 
working properly (Castegnaro et al. 2006). Organic sol-
vents are another drawback since they might denature 
or devitalize antibodies, making it difficult to reuse 
IACs. Additionally, this technology has extremely high 
operational expenses (Liu et al. 2018). Also, it is time-
consuming and involves the use of numerous harmful 
and toxic organic chemicals (Agriopoulou et al. 2020). 
Despite the enormous advancements made in this area, 

there are still many difficulties and drawbacks to these 
analytical techniques that need to be resolved. MTs’ 
chemical diversity, co-occurrence, varying amounts in 
agricultural products, and complex food matrices con-
taminated with MTs necessitate the use of specialized 
extraction, cleanup, and detection techniques (Hajslova 
et al. 2011). To comply with mycotoxin legislation and 
limits, to safeguard consumer health, and to promote 
agriculture, it is necessary to continuously develop 
mycotoxin analysis methodology (Stroka et al. 2016).

Therefore, the objective of this study was to evaluate 
the two standard commonly used techniques in Egypt, 
ELISA spectrophotometric (semiquantitative) and 
VICAM immunoaffinity column (IAC) fluorometric 
methods (quantitative) for the detection and estimation 
of four clinically relevant MTs in various food matrices 
and categories (local, imported and exported). The food 
samples were randomly collected from the Egyptian 
market and were based on standard screening protocol 
and sample size standard guidelines for detection and 
estimation of the levels of aflatoxins (AFs), Ochratoxin 
A (OTA), Zearalenone, and Deoxynivalenol.

Materials and methods
Sample collection and preparation
A total of 246 representative samples of various food 
samples and different categories (local (154), imported 
(73), and exported (19) were obtained from the Egyp-
tian market in 2022 according to AOAC 977.16 (http:// 
www. aoaco ffici almet hod. org/ index. php? main_ page= 
produ ct_ info& produ cts_ id= 2065 (accessed on 20 
August 2022) (Omar et al. 2020). The collected samples 
were tested for the presence of the four major MTs, 
including Aflatoxins (AFs; 196 samples), Ochratoxin A 
(OTA; 139), Zearalenone (ZEN; 70), and Deoxynivby-
alenol (DON; 100) using the ELISA followed by immu-
noaffinity fluorometric analysis as previously reported 
by EOSQC standard guidelines (2010) (https:// www. 
eos. org. eg/ en/ stand ard/ 12561, (accessed on 8 august 
2023).

For lots weighing more than 50 tons, we took 100 
incremental samples from the sub-lots to get an aggre-
gate sample weighing 10 kg; but, for lots weighing less 
than 50 tons, we only took 3 to 10 incremental samples, 
depending on the lot weight, to produce an aggregate 
sample weighing 1 to 10  kg (Rahmani et  al. 2009). To 
establish homogeneity, samples were transferred to the 
laboratory and then crushed (by means of sanitized 
food cutters) and mixed carefully by a horizontal shaker 
(Benchmark Scientific, Orbi Shaker, Edison, USA) to be 
prepared for subsequent analysis (Elkenany and Awad 
2020).

http://www.aoacofficialmethod.org/index.php?main_page=product_info&products_id=2065
http://www.aoacofficialmethod.org/index.php?main_page=product_info&products_id=2065
http://www.aoacofficialmethod.org/index.php?main_page=product_info&products_id=2065
https://www.eos.org.eg/en/standard/12561
https://www.eos.org.eg/en/standard/12561
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Screening of certain mycotoxins (AFs, OTA, ZEN and DON) 
using ELISA
Chemicals and reagents
Screening for the four different MTs was done using 
an ELISA Test kit  (RIDASCREEN®, Manufacturer R- 
Bio pharm AG, Darmstadt, Germany). For AFs (Art. 
Nr. R4701), OTA (Art. No. R1312), ZEN (Art. No.: 
R1401), DON (Art. No.: R5906). All reagents required 
for the enzyme immunoassay, were included in the test 
kits. Ready to use standards were included in the test 
kits with concentrations 0  µg/L, 0.05  µg/L, 0.15  µg/L, 
0.45  µg/L, 1.35  µg/L, 4.05  µg/L (1.3 mL each) for AFs; 
0  µg/L, 0.03  µg/L, 0.1  µg/L, 0.3  µg/L, 1  µg/L, 3  µg/L 
(1.3 mL each) for OTA; 0 ng/L, 50 ng/L, 150 ng/L, 450 
ng/L, 1350 ng/L, 4050 ng/L (1.3 mL each) for ZEN and 
0 µg/L, 3.7 µg/L, 11.1 µg/L, 33.3 µg/L, 100 µg/L (1.3 mL 
each) for DON. diluted ECO extractor (10x concentrate) 
was included in the test kit of OTA to be used in extrac-
tion (dilution was done 1:10 with distilled or deionized 
water at 2 to 8 ℃). In the test kit of ZEN, Buffer 1 (50 
mL) was included. A microtiter plate spectrophotometer 
was required for semi-quantification (screening). Special 
software,  RIDASOFT® Win.NET (Art. No. Z9996FF) 
was used in the screening process. Filter paper: What-
man No. 1 or its equivalent was purchased from VICAM 
(https:// www. vicam. com/ categ ory/ aflat oxin- testi ng- solut 
ions (accessed on 12 August 2023). Methanol (HPLC 
grade, purity ≥ 99.9%) was purchased from Sigma Aldrich 
(Merck, Kga, Darmstadt, Germany). Ultra-pure water 
was purchased and products by the Milli-Q purification 
system (Milli-Q from Millipore, USA).

Method of analysis for mycotoxins
Aflatoxins (AFs)
Ground samples (5 g) and 25 mL of 70% methanol were 
mixed for 10  min at room temperature by vortexing 
and filtered through a Whatman No. 1 filter or centri-
fuged (10 min / 3500 g / room temperature). Then, 100 
µL of the filtrate/supernatant was diluted with 600 µL 
distilled water. The wells were then filled with 50 µL of 
standard or sample in duplicate together with 50 µL of 
the conjugate. Then, 50 µL of the antibody was added 
to each well, and the plate was gently shaken for mix-
ing and then allowed to sit at room temperature (20 to 
25 ℃) in the dark for 30 min. After incubation, the well 
contents were discarded and the microwell holder was 
tapped upside down strongly (three times) on absor-
bent paper. Then wells were washed with 250 µL wash 
buffer 3 times after which 100 µL of substrate/chro-
mogen was added to each well, gently mixed by hand 
shaking the plate, and incubated for 15  min at room 
temperature (between 20 and 25 ℃) in the dark. The 

stop solution (100 µL) was then pipetted into each well 
followed by manual shaking of the plate. After 30 min, 
the extinction was determined at 450 nm.

Ochratoxin A (OTA)
An aliquot of 10 gm ground sample was weighed and 
50 mL of diluted ECO extractor was added followed 
by vortexing (10  s). The sample was then shaken vio-
lently for 5 min (either manually or with a shaker set to 
420 rounds per minute) followed by centrifugation for 
5 min at room temperature (20 to 25 ℃, 3500 g). Subse-
quently, 1 mL of the supernatant was diluted with 1 mL 
of wash buffer. An aliquot of 50 µL of standard or sam-
ple was then used to fill the wells in duplicate. Each well 
then received 50 µL of the conjugate which was gently 
combined by manually shaking the plate for 30 min at 
room temperature (20 to 25 ℃) in the dark. After that, 
the well contents were discarded, and the assay was 
continued as mentioned previously for AFs.

Zearalenone (ZEN)
Aliquots of 5 g of ground samples were weighed into a 
suitable container and 25 mL of methanol (70%) were 
added. Then, vigorous shaking (either manually or using 
a shaker) was carried out for three min. The extracts 
were centrifuged (10 min/3500 g, room temperature) or 
filtered. Following that, sample dilution buffer (buffer 1) 
was used to dilute the filtrates or supernatants 1:7 (100 
µL supernatant or filtrate + 600 µL buffer 1). Then 50 
µL of standard or sample were used to fill the wells in 
duplicate. The ZEN enzyme conjugate (diluted 1:11 in 
buffer) was added in 50 µL portions to each well. After 
that, the plate was gently stirred by handshaking and 
incubated for 2 h at room temperature (20 to 25  ℃) in 
the dark. After that, the well contents were discarded, 
and the assay was continued as mentioned previously 
for AFs.

Deoxynivalenol (DON)
Aliquots of 5  g of ground samples were weighed into 
a suitable container and 25 mL of distilled water was 
added and shaken for three min. Whatman No. 1 filter 
was used to filter the extract. Then 50 µL of standard or 
sample were added to the wells in duplicate. Then each 
well received 50 µL of the conjugate. Subsequently, each 
well received 50 µL of the anti-DONantibody, which was 
carefully mixed by hand shaking the plate and incubated 
for 30 min at room temperature (20 to 25 ℃) in the dark. 
After that, the well contents were discarded, and the 
assay was continued as mentioned previously for AFs.

https://www.vicam.com/category/aflatoxin-testing-solutions
https://www.vicam.com/category/aflatoxin-testing-solutions
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Quantitative determination of certain mycotoxins (AFs, 
OTA and ZEN) using VICAM
Aflatest, Ochratest, zeralatest immunoaffinity column (IAC) 
followed by fluorometric method
Chemicals and reagents AflaTest Columns (25 per box), 
OchraTest Columns (25 per box), zearalaTest Columns 
(25 per box), Microfiber Filters, filter paper Whatman 
no.1, 1.0  m, 9  cm (100), Tween-20 (50 mL), 10X Con-
centrate of 0.01% Tween/PBS (150 mL), 5X Concentrate 
of 2% Tween/PBS (300 mL), 10X Concentrate of 0.1% 
Tween/PBS (150 mL), 10x concentrate of PBS (Phosphate 
Buffered Saline), AflaTest Developer (50 mL), OchraTest 
Eluting Solution (50 mL)and Zearalatest developer were 
purchased from VICAM A., WATERS, USA. Methanol 
(HPLC Grade, Acetonitrile HPLC Grade), ACS Grade 
Salt (100 g) (nonionized salt, NaCl) Zinc acetate powder, 
and AlCl3 powder were purchased from Sigma Aldrich. 
A commercial Blender with a Stainless Steel Container 
(Robot coupé, Inc, Ridgeland, USA) was used. Using a 
Milli-Q filtration system (Milli-Q from Millipore, USA), 
ultra-pure water was created. AFs standard product 
(product number CRM46304 Lot no. XA26847V with 
concentration of total AFs 2.6 ng/µL), OTA standard 
product (product number CRM46912 Lot no. LRAD1407 
with concentration approximately 50 ng/µL in benzene: 
acetic acid (99:1), ampoule of 1 mL) and ZEN standard 
product ( product number CRM46916 Lot no.XA20006V 
with concentration 50 ng/µL in Acetonitrile, ampoule of 
1 mL) were purchased from Supelco (Merck, Darmstadt, 
Germany).

Aflatoxins (afs)
Methanol/water solutions (80%, 70%, 60%, 20%) were 
prepared to extract AFs out of the samples. AflaTest 
Developer solution was prepared by mixing 45 mL of fil-
tered water and 5 mL of AflaTest Developer concentrate. 
10% Tween-20, 10X concentrate PBS, 10X concentrate 
0.01% Tween-20 and 10X concentrate 0.1% Tween-20 
solutions were prepared by adding 10 mL from each to 
90 mL distilled water. 5 X concentrate 2% Tween-20 solu-
tion was prepared by adding 20 mL to 80 mL of distilled 
water. ZnCl2/AL(C2H3O2) 3 was prepared by adding 
25 g of zinc acetate to 6.25 g AlCl3 dissolved in 125 mL 
deionized water.

The assay was done according to the VICAM inter-
national standard guidelines (VICAM manual; https:// 
www. vicam. com/ categ ory/ aflat oxin- testi ng- solut ions 
(accessed on 12 August 2023).). Briefly, a 25  g ground 
sample was weighed with 5 g salt (NaCl) for paprika, chili, 
spices, oily seeds, nuts, Gramineae, cereals, chocolate, 
and cocoa and placed in a blender jar. For green coffee, a 
50 g ground sample was weighed with 5 g salt (NaCl). For 
dried fruits, dried figs, and dates, 25  g ground samples 

were weighed with no NaCl added. Then 100 mL meth-
anol: water (80%) for chili, paprika, spices, Gramineae, 
cereals, and green coffee, 125 mL methanol: water (60%) 
for oily seed and nuts, 100 mL methanol: water (70%) for 
dried fruits, dried figs and dates and 100 mL of absolute 
methanol for chocolate and cocoa were added to the jar. 
The blender jar was then covered and blended for one 
minute at a high speed. 5 mL of filtered extract was then 
diluted with 20 mL purified water in case of paprika, 
chili, Gramineae, cereals, or green coffee or diluted with 
20 mL 10% tween 20 solution in case of spices and mixed 
well.

For oily seeds and nuts, 20 mL of filtered extract was 
diluted with 20 mL of purified water. For dried fruits, 
dried figs, and dates, 5 mL of filtered extract was diluted 
with 20 mL 0.01% Tween/PBS solution and mixed well. 
For chocolate and cocoa, 5 mL of filtered extract was 
mixed with 20 mL of ZnCl2/Al(C2H3O2)3 solution. 
Then, using marks on the barrel to quantify 4 mL, the 
diluted extract was filtered through a 1.5  m microfiber 
filter into a clean vessel or straight into a glass syringe 
barrel. At a rate of approximately 1 drop/second, 4 mL 
of filtered diluted extract was completely passed through 
an AflaTest column (4 mL = 0.2 g sample equivalent) for 
chili and paprika, but for the other types of samples, 10 
mL were passed through the column. Then,10 mL of 
methanol: water (20%) was passed through the column at 
a rate of about 1–2 drops/second in the case of paprika, 
chili, chocolate, and cocoa or 10 mL of distilled water 
was passed in case of spices, oily seeds, nuts, Gramineae 
and cereals, green coffee. The previous step was repeated 
once more until air went through the column. For dried 
fruits, dried figs, and dates, 10 mL of 0.01% Tween/PBS 
solution was passed through the column at a rate of 1–2 
drops/second then 10 mL of purified water was passed 
through the column. After that, a glass cuvette was placed 
under the column and 1 mL HPLC grade methanol was 
added into a glass syringe barrel. By allowing methanol 
to run through the AflaTest column and collecting all the 
samples eluate in a glass cuvette, the column was eluted 
at a rate of 1 drop/second or slower. 1 mL of AflaTest 
Developer solution was added to eluate in the cuvette 
and thoroughly mixed after that. Then the cuvette was 
immediately placed in a calibrated fluorometer Series 
4EX Fluorometer 110 V, U.S.A. (Part Number/N G8001) 
and 220 V, International (P/N G8002). Total AF concen-
tration was read after 60 s.

Ochratoxin A (OTA)
Methanol/water solutions (80%, 60%) were prepared to 
extract OTA out of the samples. Methanol: 1% Sodium 
bicarbonate solution was also prepared as previously 
reported. This test was performed using the VICAM 

https://www.vicam.com/category/aflatoxin-testing-solutions
https://www.vicam.com/category/aflatoxin-testing-solutions
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international standard guidelines (https:// www. vicam. 
com/ categ ory/ ochra toxin- testi ng- solut ions (accessed on 
12 August 2023). The remaining solutions were prepared 
as mentioned previously for AFs. The assay was done 
according to the manufacturer’s manual (VICAM manual 
for OTA) as follows: 50 g ground samples were weighed 
with 5  g salt (NaCl) for paprika, chili, and spices and 
placed in the blender jar. But for Gramineae and cereals, 
50 g ground samples were weighed with no NaCl added. 
For green coffee, roasted coffee, and Nescafe, 25 g ground 
samples were weighed with no NaCl added. Aliquots of 
100 mL methanol: water (80%) for paprika, chili, spices, 
Gramineae, and cereals, 50 mL methanol:1% sodium 
bicarbonate (70%) for green and roasted coffee were 
added to the jar. The blender jar was covered and blended 
for 1  min at high speed, then 5 mL of filtered extract 
was diluted with 20 mL purified 10% tween 20 in case 
of paprika and spices and mix well. For Gramineae and 
cereals, 5 mL of filtered extract was diluted with 20 mL of 
purified 10% PBS solution. For green roasted coffee and 
Nescafe, 5 mL of the filtered extract was diluted with 20 
mL 2% Tween-20/PBS. After that, the diluted extract was 
filtered through a 1.5 m microfiber filter into a clean ves-
sel or straight into a glass syringe barrel using markings 
to measure 10 mL on the barrel. Then, 10 mL of filtered 
diluted extract were entirely run through the Ochratest 
column at a rate of around 1 drop/second until air went 
through the column (10 mL = 1.0 g sample equivalent).

The column was then cycled through with 10 mL of 
10% PBS at a rate of roughly 1–2 drops per second in 
the case of paprika, chili, and spices. The previous step 
was then repeated once more until air went through the 
column. For Gramineae and cereals, 10 mL of 10% PBS 
was passed through the column at a rate of 1–2 drops/
second then 10 mL of purified water was passed until 
air went through the column. For green coffee, 10 mL of 
2% Tween-20/PBS was passed through the column at a 
rate of about 1–2 drops/second then 10 mL of purified 
water was passed until air came through the column. For 
roasted coffee and Nescafé, 10 mL of 2% Tween‐20/PBS 
were passed through the column at a rate of about 1–2 
drops/second then 5 mL of 20%methanol\water were 
passed through the column at a rate of about 1–2 drops/
second then 5 mL of 20% methanol\water were passed 
until air came through the column. Then a glass cuvette 
(VICAM part # 34,000) was placed under the OchraTest 
column and the glass syringe barrel was filled with the 
OchraTest Elution Solution. The column was eluted at a 
rate of one drop per second and all the sample eluate (1.5 
mL) was collected in the glass cuvette. The cuvette was 
mixed and then placed into the previously mentioned 
fluorometer. OTA concentration was read after 60 s.

Zearalenone (ZEN)
This test was performed using the VICAM international 
standard guidelines https:// www. vicam. com/ categ ory/ 
zeara lenone- testi ng- solut ions (accessed on 12 August 
2023). Methanol/water solution (80%) and acetonitrile/
water solution (90%) were prepared to extract ZEN 
from the sample. To prepare Dilute ZearalaTest Devel-
oper Solution, aluminum chloride hexahydrate was dis-
solved in 50 mL of HPLC Grade-methanol prior to use. 
The dissolved zearalatest developer was stored at room 
temperature for up to one month. The remaining solu-
tions were prepared as mentioned previously for AFs 
and OTA. For Gramineae, 20  g ground samples were 
weighed with 2  g salt (NaCl) and put in a blender jar. 
Then 50 mL of either acetonitrile: water (90%) or metha-
nol: water (80:20%) were added to the jar. The blender jar 
was then covered and blended for 2 min at high speed. 5 
mL of filtered extract were then diluted with 20 mL 0.1% 
tween PBS buffer and then mixed well. Following that, 
the diluted extract was filtered through a 1.5  m micro-
fiber filter into a clean container or straight into a glass 
syringe barrel utilizing markings on the barrel to meas-
ure 10 mL. These 10 mL of filtered diluted extract were 
entirely run through a zearalatest column at a rate of 
around 1 drop/second until air passed through the col-
umn (10 mL = 0.8 g sample equivalent). The column was 
then cycled through with 10 mL of 0.1% tween PBS buffer 
at a rate of around 1–2 drops/second until air flowed 
through the column then, 10 mL of deionized, or distilled 
water was run through it at a rate of around 2 drops per 
second. Finally, 1.0 mL of HPLC-grade methanol was 
injected into a glass syringe barrel while a glass cuvette 
(VICAM part # 34,000) was positioned beneath the Zear-
alaTest column. All the sample eluate (1 mL) from the 
column was collected in a glass cuvette after it was eluted 
at a rate of 1 drop/second. To eluate in the cuvette, 1.0 
mL of ZearalaTest Developer solution was added. After 
thoroughly mixing the cuvette, it was immediately placed 
into the previously mentioned fluorometer, and the ZEN 
concentration was measured after 300 s.

Standard preparation and spiking
Using certified Iso17034 and traceable to NIST (National 
Institute of Standards and Technology) standards, the 
AFs mix standard solution was prepared at 10  µg/kg 
while OTA standard was prepared at 20  µg/kg. ZEN 
standard solution was prepared at 50 µg/kg. In addition, 
blank (samples known to be zero MTs) samples were 
spiked with those prepared standard solutions at each 
run to be employed as quality control to guarantee accu-
rate assessment of the data quality for all targeted MTs in 
regular sample analysis.

https://www.vicam.com/category/ochratoxin-testing-solutions
https://www.vicam.com/category/ochratoxin-testing-solutions
https://www.vicam.com/category/zearalenone-testing-solutions
https://www.vicam.com/category/zearalenone-testing-solutions
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Statistical analysis
Data was analyzed using Excel 365, Minitab 20 and SPSS 
26. Count and percentage were calculated for qualitative 
variables while for quantitative variables, mean, SD, SE, 
median, first quartile, third quartile, and inter quartile 
range were determined as descriptive statistics. Before 
performing any statistical analyses, the data was cleaned. 
Missing information and typographical issues have been 
examined. Inferential statistics has been used to find 
correlations and differences among different food and 
beverage categories or type and source (export, import 
or local). All parametric assumptions for quantitative 
variables have been examined, and when necessary, the 
best approach was used to apply the Box-Cox transfor-
mation for non-normal dependent variables. The various 
models matched the data well, and following data trans-
formation, all analyses had linear attitudes in the normal 

residual probability plots. p-values were considered sig-
nificant at α < 0.05. Qualitative variables have been tested 
using  X2 test, The General Linear Model’s quantitative 
variables were evaluated using the Student’s t test and 
One Way ANOVA. Post hoc analysis using Tukey was 
done after ANOVA where groups sharing similar letters 
had no significant differences. Bar charts were graphed 
showing percentages of each level within each category 
using Excel 365.

Results
Tested samples
Table  1 summarizes the number of exported, imported 
and local samples, the parameters tested, and the method 
used for each food category. Figure 1 shows the percent-
ages of exported, imported, and local sources for each 
food category. All the collected samples (246 samples) 

Table 1  A total of 246 different food samples collected from the Egyptian market during 2022

Item Number of 
exported samples

Number of 
imported Samples

Number of locally 
sourced samples

Total number of examined 
samples for each type

Analytical Parameter

Chocolate, cocoa 0 18 12 30 AFs

Dried fruits 4 2 7 13 AFs

Gramineae (wheat, rice, 
oat, pediatric cereals)

7 12 51 70 AFs, OTA, ZEN, DON

Green coffee 0 0 8 8 AFs, OTA

Nescafe 0 5 3 8 OTA

Oily seeds 7 4 23 34 AFs

Pasta, noodles 0 17 13 30 DON

Roasted coffee 0 0 12 12 OTA

Spices and chili 1 15 25 41 AFs, OTA

All 19 73 154 246

Fig. 1 The percentage and types of various food samples collected in this study
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were analyzed for the detection and quantification of 
four major MTs, including AFs; (196 samples), OTA (39), 
ZEN (70), and DON (100) using the ELISA followed by 
immunoaffinity fluorometric analysis. The food sample 
categories were, 19 exported, 73 imported, and 154 local 
samples (Table 1).

Spectroscopic analysis of mycotoxins using ELISA
Aflatoxins (afs)
A total of 196 samples were screened using ELISA fol-
lowed by quantitative determination of AFs using 
VICAM Aflatest IAC then fluorometric method. The 
results of the total AFs-positive samples are presented 
in Table  2. In the chocolate/cocoa, Gramineae, and 
green coffee, no total AF contamination was detected 
in the imported, exported, and locally sourced sam-
ples. On the other hand, 42.9% of the exported sam-
ples of oily seeds,100% of the exported samples of dried 
fruits, 13.3% of the imported samples, and 8% of the 
local samples of chili and spices exceeded the maxi-
mum limits (4  µg/kg, 4  µg/kg, 10  µg/kg, respectively) 
set by EOSQC 2010  (https:// www. eos. org. eg/ en/ stand 
ard/ 12561, (accessed on 8 august 2023) for total AFs. 
Tables 3 and 4, showed significant differences among dif-
ferent categories of chocolate, dried fruits, and oily seeds 
with p-value < 0.05 while no significant difference was 
observed among different categories of Gramineae and 
spices (p-value > 0.05).

Ochratoxin A (OTA)
Concerning OTA, a total of 139 samples were analyzed 
using ELISA followed by quantitative determination of 
OTA using VICAM Ochratest IAC and then the fluoro-
metric method. The number and percentage of positive 
samples for different food types and categories are sum-
marized in Table 5. The data indicated that green coffee, 
roasted coffee, and Nescafé were free of OTA contami-
nation in the imported, exported, and locally sourced 
categories, while in the locally sourced samples of 
Gramineae, a small percentage (3.9%) showed contami-
nation with OTA that exceeded the maximum limit set 
by EOSQC (3 µg/kg), but no contamination was observed 
in the imported and exported category. A total of 4% of 
spices and chili samples that are locally sourced exceeded 
the maximum limit set by EOSQC (15  µg/kg) but the 
imported and exported categories of chili and spices 
were free of OTA. Tables 6 and 7, showed significant dif-
ferences among different categories of chocolate, dried 
fruits, and oily seeds with p-value < 0.05 while no signifi-
cant difference was shown among different categories of 
Gramineae and spices(p-value > 0.05).

Zearalenone (ZEN)
The results of ZEN contamination analysis of 70 
Gramineae samples using ELISA followed by quantita-
tive determination of ZEN using VICAM Zeralatest IAC 
then fluorometric method are summarized in Table 8. In 
the Gramineae, no ZEN contamination was detected in 

Table 2 Number and percentages of positive samples exceeding upper limits set by EOSQC for AFs

Type Category Number (percentage) of 
positive samples

Number (percentage) of 
negative samples

P-value

Chocolate, cocoa Export NA NA

Import 0 (0%) 18 (100%)

Local 0 (0%) 12 (100%)

Dried fruits Export 4 (100%) 0 (0%) 0.002*

Import 0 (0%) 2 (100%)

Local 0 (0%) 7 (100%)

Gramineae Export 0 (0%) 7 (100%)

Import 0 (0%) 12 (100%)

Local 0 (0%) 51 (100%)

Green coffee Export NA NA

Import NA NA

Local 0 (0%) 8 (100%)

1Oily seeds Export 3 (42.9%) 4 (57.1%) 0.002*

Import 0 (0%) 4 (100%)

Local 0 (0%) 23 (100%)

Spices and chili Export 0 (0%) 1 (100%) 0.813

Import 2 (13.3%) 13 (86.7%)

Local 2 (8%) 23 (92%)

https://www.eos.org.eg/en/standard/12561
https://www.eos.org.eg/en/standard/12561
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Table 3 One Way ANOVA results of AFs concentrations using ELISA among different categories of each type

Groups that share similar letters (A or B) represent non-significant differences between different categories (local, imported and exported) while different letters (A 
and B) represent significant differences between categories. NA represents non-applicable category

AFs (ELISA) Category Mean SE SD Mini Q1 Median Q3 Max IQR

Chocolate, cocoa Export NA NA NA NA NA NA NA NA NA

Import 0.11B 0.03 0.11 0.00 0.00 0.10 0.20 0.30 0.20

Local 0.47 A 0.12 0.42 0.00 0.13 0.30 0.98 1.10 0.85

Dried fruits Export 7.58 A 0.46 0.92 6.20 6.65 8.00 8.08 8.10 1.43

Import 0.15B 0.05 0.07 0.10 * 0.15 * 0.20 *

Local 0.83B 0.17 0.45 0.30 0.50 0.70 1.40 1.40 0.90

Gramineae Export 0.51 A 0.19 0.51 0.00 0.20 0.30 0.70 1.50 0.50

Import 0.48 A 0.12 0.41 0.00 0.13 0.45 0.80 1.20 0.68

Local 0.68 A 0.07 0.53 0.00 0.30 0.50 1.00 2.60 0.70

Green coffee Export NA NA NA NA NA NA NA NA NA

Import NA NA NA NA NA NA NA NA NA

Local 0.41 0.15 0.43 0.00 0.03 0.30 0.88 1.10 0.85

Oily seeds Export 6.76 A 3.43 9.09 0.00 0.00 0.70 19.00 20.00 19.00

Import 0.08B 0.08 0.15 0.00 0.00 0.00 0.23 0.30 0.23

Local 0.64B 0.13 0.61 0.00 0.10 0.40 1.20 2.00 1.10

Spices and chili Export 5.00 A * * 5.00 * 5.00 * 5.00 *

Import 5.10 A 2.33 9.01 0.20 1.30 1.70 3.20 30.00 1.90

Local 3.57 A 1.56 7.78 0.20 0.65 1.40 2.20 33.00 1.55

Table 4 One Way ANOVA results of AFs concentrations using Fluorometer among different categories of each type

Groups that share similar letters (A or B) represent non-significant differences between different categories(local, imported and exported) while different letters(A and 
B) represent significant differences between categories. NA represents non-applicable category

AFs (fluorometer) Category Mean SE SD Mini Q1 Median Q3 Max IQR

Chocolate, cocoa Export NA NA NA NA NA NA NA NA NA

Import 0.16B 0.05 0.19 0.00 0.00 0.10 0.30 0.60 0.30

Local 0.42 A 0.14 0.48 0.00 0.00 0.20 0.98 1.20 0.98

Dried fruits Export 7.80 A 0.80 1.59 5.50 6.13 8.35 8.93 9.00 2.80

Import 0.20B 0.20 0.28 0.00 * 0.20 * 0.40 *

Local 0.61 B 0.28 0.73 0.00 0.00 0.50 0.90 2.00 0.90

Gramineae Export 0.80 A 0.24 0.64 0.20 0.40 0.50 1.00 2.10 0.60

Import 0.68 A 0.14 0.49 0.00 0.10 0.75 1.15 1.30 1.05

Local 0.80 A 0.11 0.76 0.00 0.20 0.60 1.10 3.10 0.90

Green coffee Export NA NA NA NA NA NA NA NA NA

Import NA NA NA NA NA NA NA NA NA

Local 0.56 0.16 0.46 0.10 0.20 0.35 1.08 1.20 0.88

Oily seeds Export 6.56 A 3.48 9.20 0.00 0.20 0.50 17.00 22.00 16.80

Import 0.13B 0.08 0.15 0.00 0.00 0.10 0.28 0.30 0.28

Local 0.41B 0.11 0.50 0.00 0.01 0.20 0.70 2.00 0.69

Spices and chili Export 3.00 A * * 3.00 * 3.00 * 3.00 *

Import 5.15 A 2.20 8.54 0.00 1.40 2.00 3.00 27.00 1.60

Local 4.04 A 1.73 8.66 0.00 0.75 2.00 2.75 35.00 2.00
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the exported, imported, and locally sourced categories. 
Additional file 1: Tables S1 and S2 (supplementary data) 
showed significant differences among different categories 
of Gramineae with p-value < 0.05.

Deoxynivalenol (DON)
The results of DON contamination analysis in different 
food categories by applying the ELISA technique only, 

including Gramineae and pasta/noodles, are presented 
in Table  9. In the Gramineae category, no DON con-
tamination was detected in all samples categories, while 
for pasta and noodles, the imported samples exhibited 
the highest contamination rate (above the upper limit 
of 750 µg/kg) set by EOSQC with 17.6% of the samples 
testing positive for DON. (Additional file  1: Table  S3 
showed that there is no significant difference among dif-
ferent categories of Gramineae, pasta, and noodles with 
p-value > 0.05.

Discussion
MTs pose a significant risk to the public’s health when 
they contaminate food, according to JECFA (the Joint 
FAO/WHO Expert Committee on Food Additives). The 
World Health Organization (WHO) designated MTs as 
priority food pollutants in the System/Food Monitor-
ing Evaluation Program (GEMS/Food). Foods and feeds 
for humans and animals are invariably exposed to fungal 
invasion from crop planting through harvest, transporta-
tion, storage, and even into the grocery store, restaurant, 
and home, where the product will be ready for the con-
sumer’s final use (Drusch and Ragab 2003). However, the 
development of MTs is not always linked to the expan-
sion of fungus. The mycotoxigenic capacity of a fungus 
within a species mostly depends on the strain of the fun-
gus. The physical and chemical makeup of the matrix, 
environmental conditions (moisture, temperature), and 
the species and strain of the fungus all play significant 
roles in the production of MTs (Drusch and Ragab 2003).

Table 6 One Way ANOVA results of OTA concentrations using ELISA among different categories of each type

Groups that share similar letters (A or B) represent non-significant differences between different categories (local, imported and exported) while different letters (A 
and B) represent significant differences between categories. NA represents non-applicable category

OTA (ELISA) Category Mean SE SD Mini Q1 Median Q3 Max IQR

Gramineae Export 0.74A 0.24 0.62 0.10 0.20 0.70 0.90 2.00 0.70

Import 0.14A 0.04 0.15 0.00 0.00 0.10 0.30 0.40 0.30

Local 0.67A 0.15 1.09 0.00 0.00 0.40 0.80 6.00 0.80

Green coffee Export NA NA NA NA NA NA NA NA NA

Import NA NA NA NA NA NA NA NA NA

Local 0.21 0.05 0.16 0.00 0.10 0.20 0.30 0.50 0.20

Nescafe Export NA NA NA NA NA NA NA NA NA

Import 0.92A 0.21 0.47 0.40 0.45 1.00 1.35 1.50 0.90

Local 0.33A 0.33 0.58 0.00 0.00 0.00 1.00 1.00 1.00

Roasted coffee Export NA NA NA NA NA NA NA NA NA

Import NA NA NA NA NA NA NA NA NA

Local 0.30 0.08 0.27 0.00 0.10 0.20 0.50 0.80 0.40

Spices and chili Export 68.00A * * 68.00 * 68.00 * 68.00 *

Import 1.77B 0.27 1.05 0.60 1.00 1.80 2.40 4.50 1.40

Local 3.85B 1.10 5.52 0.20 0.45 1.20 5.75 20.00 5.30

Table 5 Number and percentages of positive samples exceeding 
upper limits set by EOSQC for OTA

Type Category N (percentage) 
of positive 
samples

N (percentage) 
of negative 
samples

p-value

Gramineae Export 0 (0%) 7 (100%) 0.681

Import 0 (0%) 12 (100%)

Local 2 (3.9%) 49 (96.1%)

Green coffee Export NA NA

Import NA NA

Local 0 (0%) 8 (100%)

Nescafe Export NA NA

Import 0 (0%) 5 (100%)

Local 0 (0%) 3 (100%)

Roasted coffee Export NA NA

Import NA NA

Local 0 (0%) 12 (100%)

Spices and chili Export 0 (0%) 1 (100%) 0.000*

Import 0 (0%) 15 (100%)

Local 1 (4%) 24 (96%)
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The Objective of our study was to detect and quality 
control various food and feed supplements for the pres-
ence of various MTs, particularly those of relevant medi-
cal importance for pediatrics from different sources in 
the market followed by quantitative determination of the 
respective MTs using standard international guidelines to 
estimate their possible threat to public health according 
to estimated daily intake and hazard index.

Our results showed that nuts (oily seeds), spices, chili, 
and dried fruits were highly contaminated with total 
AFs highlighting the need for comprehensive monitor-
ing and control strategies. Previous studies revealed 
how storage conditions affected AF levels in dried fruits, 
nuts (oily seeds) spices (Naeem et al. 2022; Obonyo and 
Salano 2018; Duman 2010). The efficiency of storage cir-
cumstances in regulating the levels of AFs was in the fol-
lowing order: cold storage > hermetic storage in a glass 
jar > open-air storage (Naeem et al. 2022; Duman 2010). 
The hermetically sealed, waterproofed structure creates 
an interior-modified environment that is rich in carbon 
dioxide and deficient in oxygen because of the respira-
tion of the biotic components of the stored food product. 
Purely aerobic aflatoxigenic molds cannot grow or pro-
duce aflatoxin under such circumstances (Naeem et  al. 
2022). Local shops frequently store nuts and dried fruits 
in bulk open-air storage, which could lead to higher lev-
els of AF contamination before they are sold. To avoid or 
limit unwarranted rises in aflatoxin levels during stor-
age, it is essential to maintain the proper storage condi-
tions. The primary environmental factors to regulate are 
moisture, temperature, and relative humidity to reduce 
the buildup of AFs during storage (Neme and Moham-
med 2017). The increased fungal development in peanuts 
seen during a study in India was partially caused by the 
predominance of fabric packaging. Fabrics are not air-
tight, exposing nuts or other foods to moisture that can 
encourage the growth of mycotoxigenic fungi (Osaili 
et  al. 2023). In addition, when comparing samples from 
different parts of the world, samples from Asia had the 

Table 7 One Way ANOVA results of OTA concentrations using Fluorometer among different categories of each type

Groups that share similar letters (A or B) represent non-significant differences between different categories(local, imported and exported) while different letters(A and 
B) represent significant differences between categories. NA represents non-applicable category

OTA (fluorometer) Category Mean SE SD Mini Q1 Median Q3 Max IQR

Gramineae Export 0.26A 0.09 0.25 0.00 0.00 0.30 0.50 0.50 0.50

Import 0.09A 0.03 0.11 0.00 0.00 0.05 0.20 0.30 0.20

Local 0.624A 0.144 1.026 0 0 0.2 1 5.5 1

Green coffee Export NA NA NA NA NA NA NA NA NA

Import NA NA NA NA NA NA NA NA NA

Local 0.26 0.07 0.18 0.10 0.10 0.20 0.40 0.60 0.30

Nescafe Export NA NA NA NA NA NA NA NA NA

Import 0.22A 0.09 0.20 0.00 0.00 0.30 0.40 0.40 0.40

Local 0.07A 0.07 0.12 0.00 0.00 0.00 0.20 0.20 0.20

Roasted coffee Export NA NA NA NA NA NA NA NA NA

Import NA NA NA NA NA NA NA NA NA

Local 0.22 0.07 0.25 0.00 0.00 0.15 0.40 0.70 0.40

Spices and chili Export 64.00A * * 64.00 * 64.00 * 64.00 *

Import 2.17B 0.31 1.21 0.30 1.40 2.00 3.00 5.00 1.60

Local 4.02B 0.93 4.63 0.00 1.15 2.30 4.55 18.00 3.40

Table 8 Number and percentages of positive samples exceeding 
upper limits set by EOSQC for ZEN

Type Category N (percentage) of 
positive samples

N (percentage) of 
negative samples

Gramineae Export 0 (0%) 7 (100%)

Import 0 (0%) 12 (100%)

Local 0 (0%) 51 (100%)

Table 9 Number and percentages of positive samples exceeding 
upper limits set by EOSQC for DON

Type Category  N (percentage) 
of positive 
samples

N (percentage) 
of negative 
samples

p-value

Gramineae Export 0 (0%) 7 (100%)

Import 0 (0%) 12 (100%)

Local 0 (0%) 51 (100%)

Pasta, noodles Export NA NA 0.11

Import 3 (17.6%) 14 (82.4%)

Local 0 (0%) 13 (100%)
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highest prevalence of AFs. The highest percentage of 
infected samples were found in southern Asia, perhaps 
because of the region’s semi-arid, warm, and dry cli-
mates, which are ideal habitats for the formation of afla-
toxigenic molds (Diella et al. 2018).

Regarding OTA analysis, our results highlighted con-
tamination levels exceeding the upper limits set by 
EOSQC in spices and Gramineae. Typically, tropical set-
tings with high temperatures, humidity, and rainfall con-
ditions used to grow spices are ideal for the growth of 
microorganisms (Zhao et al. 2021). These conditions are 
also crucial factors in producing OTA during the time of 
harvest, drying, and storage of Gramineae and cereals (Li 
et al. 2021). Previous studies have proved that the rainy 
season was shown to have higher contamination levels 
than the dry season for spices (Li et al. 2021). In another 
study, it was mentioned that it is usual practice to utilize 
vertical silos for cereal storage, sometimes with tempera-
ture control and aeration, to maintain the grain’s quality 
and safety (Troestch et al. 2022).

Regarding DON analysis, our results showed high con-
tamination levels in pasta and noodles. In previous stud-
ies, DON was found in 180 samples of Chinese wheat, 
with varying levels from 14.52 to 41157.13  g/kg (mean 
level 488.02  g/kg). The humid and hot weather circum-
stances in Pakistan throughout the summer may be the 
cause of the elevated incidence levels of DON in wheat 
and wheat product samples (Iqbal et al. 2020). The fluc-
tuation in toxin structure during cropping seasons deter-
mines the amounts of toxins across the seasons (Obonyo 
and Salano 2018). In the summer, the wheat crop is fre-
quently harvested in May and June, which could increase 
the risk of a fungal infection prior to, after, or during the 
storage of MTs. High frequency of DON in wheat and 
products made from wheat may also be brought on using 
vulnerable wheat cultivars, outmoded traditional agri-
cultural techniques, a lack of crop rotation, and no-till 
farming. In addition, people sometimes keep grains like 
wheat or maize in dirt bins in rural regions, which can 
draw moisture from the environment and cause fungus 
epidemics (Iqbal et al. 2014).

For the use of the ELISA method of analysis, previous 
studies proved that demand has increased for the crea-
tion of a method that is sensitive, accurate, quick, sim-
ple, and reliable for detection at low concentrations, such 
as those observed in milk samples. ELISA technique 
was judged to be sufficiently meeting the requirements 
for official control purposes for this purpose (Kos et  al. 
2016). Previous research in Jordan focused on reducing 
the amount of MTs in the domestic food supply, includ-
ing the issue of reliable sampling and analysis methods. 

It also aimed to enhance and demonstrate the analyti-
cal capabilities of laboratories in Jordan and developing 
nations, enabling them to effectively monitor MTs in 
food and get around non-tariff barriers. To demonstrate 
that, the ELISA approach is appropriate for detecting 
MTs at extremely low concentrations, validation studies 
were conducted (Omar et al. 2020). Additionally, a prior 
article claimed that this validated method could possi-
bly be used as a sensitive and high-throughput screening 
for the mycotoxin sterigmatocystin in food (Oplatowska 
et al. 2018). Regarding the IAC method followed by fluo-
rometer detection, an earlier study in the Sudanese state 
of Khartoum used a fluorometer and the Vicam method 
to measure the amount of aflatoxin M1 (AFM1) con-
tamination in raw and imported powdered milk (Ali 
et  al. 2014). In Khartoum state, Sudan, another survey 
was conducted to look for the presence of aflatoxin B(1) 
in 60 duplicate samples (120 samples) of peanuts. The 
toxin was removed from the samples using an AflaTest-
P affinity column, and the concentration was determined 
using a calibrated Vicam fluorometer. In every single one 
of the examined samples, different amounts of aflatoxin 
B (1) were found (Elshafie et al. 2011). It was reported in 
earlier research that combining a double-extract cleanup 
and a fluorometric measurement to determine the pres-
ence of OTA in red wine has the advantage of reducing 
both the cost and time of the study (Longobardi et  al. 
2013). In our study, all the collected food samples were 
analyzed for the four major MTs, including AF, OTA; 
ZEN, and DON using both ELISA and immunofluo-
rometric methods and the obtained resulst revealed no 
differences could be observed in the sensitivity of both 
methods. However, significant differences were observed 
among different food categories, particularly the local 
and imported ones which highlighted the urgent for need 
strict and appropriate control measures to minimize the 
risk of MTs adverse effects. In conclusion, our findings 
confirmed non-significant differences between the two 
methods in the detection of AFs, OTA, ZEN, and DONin 
various food categories and therefore, can substitute each 
other whenever possible. This study highlights the need 
for continuous monitoring of mycotoxin contamination 
in various food categories, strict quality control meas-
ures during exportation and importation processes, and 
continued improvement of production and storage prac-
tices in locally sourced category samples to minimize the 
presence of MTs and ensure the quality and safety of food 
consumed by the general population. Further research is 
necessary to explore the specific sources of contamina-
tion and develop effective approaches for prevention.



Page 13 of 14Boshra et al. AMB Express          (2023) 13:123  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13568‑ 023‑ 01629‑5.

Additional file 1: Table S1. One Way ANOVA results of ZEN concentra‑
tions using ELISA among different categories of each type. Table S2. One 
Way ANOVA results of ZEN concentrations using Fluorometer among dif‑
ferent categories of each type. Table S3. One Way ANOVA results of DON 
concentrations using ELISA among different categories of each type.

Acknowledgements
The authors extend their gratefulness to the Department of MTs, Central 
Public Health Laboratories (CPHL), Ministry of Health, Cairo, Egypt for provid‑
ing the required sample as well as the facilities needed for the analysis. The 
author also acknowledges the Microbiology and Immunology Department, 
Faculty of Pharmacy, Ain Shams University, for the great help, and support in 
the current study.

Author contributions
Conceptualization, MHB, GSE, MMSF, and KMA; methodology, MHB, GSE, 
MMSF, and KMA; validation, GSE, MMSF, and KMA; formal analysis, MHB, GSE; 
investigation, GSE, MMSF, and KMA; resources, MHB, and KMA; data curation, 
MHB, GSE, and KMA; writing—original draft preparation, MHB; writing—
review and editing, GSE, MMSF, and KMA; supervision, GSE, MMSF, and KMA. 
All authors have read and agreed to the published version of the manuscript.”

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). This research did not receive any specific grant from funding agencies in 
the public, commercial, or not‑for‑profit sectors.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article and supplementary file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interests.

Author details
1 Department of Mycotoxins, Central Public Health Laboratories (CPHL), 
Ministry of Health, Cairo, Egypt. 2 Department of Microbiology and Immunol‑
ogy, Faculty of Pharmacy, Ain Shams University, Cairo 11566, Egypt. 3 Botany 
and Microbiology Department, Faculty of Science, Al‑Azhar University, 
Cairo 11884, Egypt. 4 Armed Forces College of Medicine (AFCM), Cairo, Egypt. 
5 Department of Microbiology and Immunology, Faculty of Pharmacy, Ain 
Shams University, Abbassia 11566, Cairo, Egypt. 

Received: 7 September 2023   Accepted: 10 October 2023

References
Agriopoulou S, Stamatelopoulou E, Varzakas T (2020) Advances in analysis and 

detection of major mycotoxins in foods. Foods 9(4):518. https:// doi. org/ 
10. 3390/ foods 90405 18

Al‑Jaal B, Salama S, Al‑Qasmi N, Jaganjac M (2019) Mycotoxin contamination of 
food and feed in the gulf cooperation council countries and its detection  
Toxicon 171:43–50. https:// doi. org/ 10. 1016/j. toxic on. 2019. 10. 003

Ali MA, El Zubeir IE, Fadel Elseed AM (2014) Aflatoxin M1 in raw and imported 
powdered milk sold in Khartoum state. Sudan Food Addit Contam Part B 
Surveill 7(3):208–212. https:// doi. org/ 10. 1080/ 19393 210. 2014. 887149

Alshannaq A, Yu JH (2017) Occurrence, toxicity, and analysis of major mycotox‑
ins in food int. J Environ Res Public Health 14(6):632. https:// doi. org/ 10. 
3390/ ijerp h1406 0632

Bankole SA, Adebanjo A (2003) Mycotoxins in food in West Africa: current 
situation and possibilities of controlling it. Afr J Biotechnol 2(9):254–263. 
http:// www. acade micjo urnals. org/ AJB

Bertero A, Moretti A, Spicer LJ, Caloni F (2018) Fusarium molds and mycotox‑
ins: potential species‑specific effects. Toxins (Basel) 10(6):244. https:// doi. 
org/ 10. 3390/ toxin s1006 0244

Castegnaro M, Tozlovanu M, Wild C, Molinié A, Sylla A, Pfohl‑Leszkowicz A 
(2006) Advantages and drawbacks of immunoaffinity columns in analysis 
of mycotoxins in food Mol. Nutr Food Res 50(6):480–487. https:// doi. org/ 
10. 1002/ mnfr. 20050 0264

Chatterjee S, Dhole A, Krishnan AA, Banerjee K (2023) Mycotoxin monitoring, 
regulation and analysis in India: a success story. Foods 12(4):705. https:// 
doi. org/ 10. 3390/ foods 12040 705

Chilaka CA, Mally A (2020) Mycotoxin occurrence, exposure and health impli‑
cations in infants and Young Children in Sub‑saharan Africa. Rev Foods 
9(11):1585. https:// doi. org/ 10. 3390/ foods 91115 85

Diella G, Caggiano G, Ferrieri F, Ventrella A, Palma M, Napoli C, Rutigliano S, 
Lopuzzo M, Lovero G, Montagna MT (2018) Aflatoxin contamination in 
nuts marketed in Italy: preliminary results. Ann Ig 30(5):401–409. https:// 
doi. org/ 10. 7416/ ai. 2018. 2240

Drusch S, Ragab W (2003) Mycotoxins in fruits, fruit juices, and dried fruits. J 
Food Prot 66(8):1514–1527. https:// doi. org/ 10. 4315/ 0362‑ 028x‑ 66.8. 1514

Duman AD (2010) Storage of red chili pepper under hermetically sealed or 
vacuum conditions for preservation of its quality and prevention of 
mycotoxin occurrence. J Stored Prod Res 46(3):155–160. https:// doi. org/ 
10. 1016/j. jspr. 2010. 02. 002

EC (European Commission). Commission regulation No 401/2006 of 23 febru‑
ary 2006, Laying down the methods of sampling and analysis for the 
official control of the levels of mycotoxins in foodstuffs Off J Eur Union 
2006 pp. 12–34 L70. 2006.  https:// eur‑ lex. europa. eu/ LexUr iServ/ LexUr 
iServ. do? uri= OJ:L: 2006: 070: 0012: 0034: EN: PDF. Accessed 20 Jan 2023

Elkenany RM, Awad A (2020) Types of mycotoxins and different approaches 
used for their detection in foodstuffs Mansoura. Vet Med J 21(4):25–32. 
https:// doi. org/ 10. 35943/ mvmj. 2021. 161191

Elshafie SZ, ElMubarak A, El‑Nagerabi SA, Elshafie AE (2011) Aflatoxin B1 
contamination of traditionally processed peanut butter for human 
consumption in Sudan. Mycopathologia 171(6):435–439. https:// doi. org/ 
10. 1007/ s11046‑ 010‑ 9378‑2

EOSQC, Egyptian Organization for Standardization and Quality Control  Egyp‑
tian Standard No. 7136/2010, Cairo, Egypt. 2010. https:// www. eos. org. eg/ 
en/ stand ard/ 12561. Accessed 20 Jan 2023

Fuchs R, Peraica M (2005) Ochratoxin A in human kidney Diseases. Food Addit 
Contam 22(s1):53–57. https:// doi. org/ 10. 1080/ 02652 03050 03093 68

Gajecka M, Stopa E, Tarasiuk M, Zielonka L, Gajecki M (2013) The expression 
of type‑1 and type‑2 nitric oxide synthase in selected tissues of the gas‑
trointestinal tract during mixed mycotoxicosis toxins. (Basel) 5(11):2281–
2292. https:// doi. org/ 10. 3390/ toxin s5112 281

Hajslova J, Zachariasova M, Cajka T (2011) Analysis of multiple mycotoxins in 
Food. Methods Mol Biol 747:233–258. https:// doi. org/ 10. 1007/ 978‑1‑ 
61779‑ 136‑9_ 10

Horky P, Skalickova S, Baholet D, Skladanka J (2018) Nanoparticles as a solution 
for eliminating the risk of mycotoxins nanomaterials. (Basel) 8(9):727. 
https:// doi. org/ 10. 3390/ nano8 090727

Iqbal SZ, Asi MR, Jinap S, Rashid U (2014) Detection of aflatoxins and 
zearalenone contamination in wheat derived products. Food Control 
35(1):223–226. https:// doi. org/ 10. 1016/j. foodc ont. 2013. 06. 048

Iqbal SZ, Usman S, Razis AFA, Ali NB, Saif T, Asi MR (2020) Assessment of 
deoxynivalenol in wheat, corn and its products and estimation of dietary 
intake. Int J Environ Res Public Health 17(15):5602. https:// doi. org/ 10. 
3390/ ijerp h1715 5602

Janik E, Niemcewicz M, Podogrocki M, Ceremuga M, Gorniak L, Stela M, Bijak M 
(2021) The existing methods and novel approaches in mycotoxins’ detec‑
tion. Molecules 26(13):3981. https:// doi. org/ 10. 3390/ molec ules2 61339 81

https://doi.org/10.1186/s13568-023-01629-5
https://doi.org/10.1186/s13568-023-01629-5
https://doi.org/10.3390/foods9040518
https://doi.org/10.3390/foods9040518
https://doi.org/10.1016/j.toxicon.2019.10.003
https://doi.org/10.1080/19393210.2014.887149
https://doi.org/10.3390/ijerph14060632
https://doi.org/10.3390/ijerph14060632
http://www.academicjournals.org/AJB
https://doi.org/10.3390/toxins10060244
https://doi.org/10.3390/toxins10060244
https://doi.org/10.1002/mnfr.200500264
https://doi.org/10.1002/mnfr.200500264
https://doi.org/10.3390/foods12040705
https://doi.org/10.3390/foods12040705
https://doi.org/10.3390/foods9111585
https://doi.org/10.7416/ai.2018.2240
https://doi.org/10.7416/ai.2018.2240
https://doi.org/10.4315/0362-028x-66.8.1514
https://doi.org/10.1016/j.jspr.2010.02.002
https://doi.org/10.1016/j.jspr.2010.02.002
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:070:0012:0034:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:070:0012:0034:EN:PDF
https://doi.org/10.35943/mvmj.2021.161191
https://doi.org/10.1007/s11046-010-9378-2
https://doi.org/10.1007/s11046-010-9378-2
https://www.eos.org.eg/en/standard/12561
https://www.eos.org.eg/en/standard/12561
https://doi.org/10.1080/02652030500309368
https://doi.org/10.3390/toxins5112281
https://doi.org/10.1007/978-1-61779-136-9_10
https://doi.org/10.1007/978-1-61779-136-9_10
https://doi.org/10.3390/nano8090727
https://doi.org/10.1016/j.foodcont.2013.06.048
https://doi.org/10.3390/ijerph17155602
https://doi.org/10.3390/ijerph17155602
https://doi.org/10.3390/molecules26133981


Page 14 of 14Boshra et al. AMB Express          (2023) 13:123 

JECFA (2002) WHO Technical report series 906. evaluation of certain mycotox‑
ins in food: fifty‑sixth report of the joint FAO/WHO expert committee on 
food additives. WHO, Geneva, Switzerland

Ji F, He D, Olaniran AO, Mokoena MP, Xu J, Shi J (2019) Occurrence, toxicity, 
production and detection of Fusarium mycotoxin: a review. Food Prod 
Process and Nutr 1(1):6. https:// doi. org/ 10. 1186/ s43014‑ 019‑ 0007‑2

Kos J, Hajnal EJ, Jajić I, Krstović S, Mastilović J, Šarić B, Jovanov P (2016) Com‑
parison of ELISA, HPLC‑FLD and HPLC‑MS/MS methods for determination 
of aflatoxin M1 in natural contaminated milk samples. Acta Chim Slov 
63(4):747–756. https:// doi. org/ 10. 17344/ acsi. 2016. 2451

Kunter İ, Hürer N, Gülcan HO, Öztürk B, Doğan İ, Şahin G (2017) Assessment of 
aflatoxin M1 and heavy metal levels in mothers breast milk in Fama‑
gusta. Cyprus Biol Trace Elem Res 175(1):42–49. https:// doi. org/ 10. 1007/ 
s12011‑ 016‑ 0750‑z

Ladeira C, Frazzoli C, Orisakwe OE (2017) Engaging one health for non‑com‑
municable Diseases in Africa: perspective for mycotoxins. Front Public 
Health 5:266. https:// doi. org/ 10. 3389/ fpubh. 2017. 00266

Li X, Ma W, Ma Z, Zhang Q, Li H (2021) The occurrence and contamination 
level of ochratoxin A in plant and animal‑derived food commodities. 
Molecules 26(22):6928. https:// doi. org/ 10. 3390/ molec ules2 62269 28

Liew WPP, Mohd‑Redzwan S (2018) Mycotoxin: its impact on gut health and 
microbiota front. Cell Infect Microbiol 8:60. https:// doi. org/ 10. 3389/ fcimb. 
2018. 00060

Liu X, Liu X, Huang P, Wei F, Ying G, Zhang S, Lu J, Zhou L, Kong W (2018) 
Regeneration and reuse of immunoaffinity column for highly efficient 
clean‑up and economic detection of ochratoxin A in malt and ginger  
Toxins 10(11):462. https:// doi. org/ 10. 3390/ toxin s1011 0462

Longobardi F, Iacovelli V, Catucci L, Panzarini G, Pascale M, Visconti A, 
Agostiano A (2013) Determination of ochratoxin A in wine by means 
of immunoaffinity and aminopropyl solid‑phase column cleanup and 
fluorometric detection. J Agric Food Chem 61(8):1604–1608. https:// doi. 
org/ 10. 1021/ jf303 068m

Magan N, Olsen M (eds) (2004) Mycotoxins in Food: detection and control. 
Woodhead Publishing, Cambridge, UK. https:// doi. org/ 10. 1201/ 97814 
39823 361

Mohd‑Redzwan S, Jamaluddin R, Abd‑Mutalib MS, Ahmad Z (2013) A mini 
review on aflatoxin exposure in Malaysia: past, present, and future. Front 
Microbiol 4:334. https:// doi. org/ 10. 3389/ fmicb. 2013. 00334

Naeem I, Ismail A, Rehman AU, Ismail Z, Saima S, Naz A, Faraz A, de Oliveira 
CAF, Benkerroum N, Aslam MZ, Aslam R (2022) Prevalence of aflatoxins in 
selected dry fruits, impact of storage conditions on contamination levels 
and associated health risks on Pakistani consumers. Int J Environ Res 
Public Health 19(6):3404. https:// doi. org/ 10. 3390/ ijerp h1906 3404

Neme K, Mohammed A (2017) Mycotoxin occurrence in grains and the role of 
postharvest management as a mitigation strategy: a review. Food Control 
78:412–425. https:// doi. org/ 10. 1016/j. foodc ont. 2017. 03. 012

Obonyo MA, Salano EN (2018) Perennial and seasonal contamination of maize 
by aflatoxins in eastern Kenya. Int J Food Contam 5(1):6. https:// doi. org/ 
10. 1186/ s40550‑ 018‑ 0069‑y

Omar SS, Haddad MA, Parisi S (2020) Validation of HPLC and enzyme‑linked 
immunosorbent assay (ELISA) techniques for detection and quantifica‑
tion of aflatoxins in different food samples. Foods 9(5):661. https:// doi. 
org/ 10. 3390/ foods 90506 61

Oplatowska‑Stachowiak M, Reiring C, Sajic N, Haasnoot W, Brabet C, Campbell 
K, Elliott CT, Salden M (2018) Development and in‑house validation of 
a rapid and simple to use ELISA for the detection and measurement of 
the mycotoxin sterigmatocystin. Anal Bioanal Chem 410(12):3017–3023. 
https:// doi. org/ 10. 1007/ s00216‑ 018‑ 0988‑8

Osaili TM, Bani Odeh WAM, al Ayoubi M, al, Ali AASA, al, Sallagi MS, Obaid RS, 
Garimella V, bin Bakhit FS, Holley R, el Darra N (2023) Occurrence of afla‑
toxins in nuts and peanut butter imported to UAE. Heliyon 9(3):e14530. 
https:// doi. org/ 10. 1016/j. heliy on. 2023. e14530

Raad F, Nasreddine L, Hilan C, Bartosik M, Parent‑Massin D (2014) Dietary expo‑
sure to aflatoxins, ochratoxin A and deoxynivalenol from a total diet study 
in an adult urban Lebanese population. Food Chem Toxicol 73:35–43. 
https:// doi. org/ 10. 1016/j. fct. 2014. 07. 034

Rahmani A, Jinap S, Soleimany F (2009) Qualitative and quantitative analysis of 
mycotoxins. Compr Rev Food Sci Food Saf 8(3):202–251. https:// doi. org/ 
10. 1111/j. 1541‑ 4337. 2009. 00079.x

Singh J, Mehta A (2020) Rapid and sensitive detection of mycotoxins by 
advanced and emerging analytical methods: a review. Food Sci Nutr 
8(5):2183–2204. https:// doi. org/ 10. 1002/ fsn3. 1474

Stroka J, Maragos CM (2016) Challenges in the analysis of multiple mycotoxins. 
World Mycotoxin J 9(5):847–861. https:// doi. org/ 10. 3920/ WMJ20 16. 2038

Troestch J, Reyes S, Vega A (2022) Determination of mycotoxin contamination 
levels in Rice and Dietary exposure. Assess J Toxicol 10(13):8. https:// doi. 
org/ 10. 1155/ 2022/ 35967 68

Zhao X, Jin X, Lin Z, Guo Q, Liu B, Yuan Y, Yue T, Zhao X (2021) Simultaneous 
rapid detection of aflatoxin b1 and ochratoxin a in spices using lateral 
flow immuno‑chromatographic assay. Foods 10(11):2738. https:// doi. org/ 
10. 3390/ foods 10112 738

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s43014-019-0007-2
https://doi.org/10.17344/acsi.2016.2451
https://doi.org/10.1007/s12011-016-0750-z
https://doi.org/10.1007/s12011-016-0750-z
https://doi.org/10.3389/fpubh.2017.00266
https://doi.org/10.3390/molecules26226928
https://doi.org/10.3389/fcimb.2018.00060
https://doi.org/10.3389/fcimb.2018.00060
https://doi.org/10.3390/toxins10110462
https://doi.org/10.1021/jf303068m
https://doi.org/10.1021/jf303068m
https://doi.org/10.1201/9781439823361
https://doi.org/10.1201/9781439823361
https://doi.org/10.3389/fmicb.2013.00334
https://doi.org/10.3390/ijerph19063404
https://doi.org/10.1016/j.foodcont.2017.03.012
https://doi.org/10.1186/s40550-018-0069-y
https://doi.org/10.1186/s40550-018-0069-y
https://doi.org/10.3390/foods9050661
https://doi.org/10.3390/foods9050661
https://doi.org/10.1007/s00216-018-0988-8
https://doi.org/10.1016/j.heliyon.2023.e14530
https://doi.org/10.1016/j.fct.2014.07.034
https://doi.org/10.1111/j.1541-4337.2009.00079.x
https://doi.org/10.1111/j.1541-4337.2009.00079.x
https://doi.org/10.1002/fsn3.1474
https://doi.org/10.3920/WMJ2016.2038
https://doi.org/10.1155/2022/3596768
https://doi.org/10.1155/2022/3596768
https://doi.org/10.3390/foods10112738
https://doi.org/10.3390/foods10112738

	Evaluation of ELISA and immunoaffinity fluorometric analytical tools of four mycotoxins in various food categories
	Abstract 
	Key Points 
	Introduction
	Materials and methods
	Sample collection and preparation
	Screening of certain mycotoxins (AFs, OTA, ZEN and DON) using ELISA
	Chemicals and reagents

	Method of analysis for mycotoxins
	Aflatoxins (AFs)

	Ochratoxin A (OTA)
	Zearalenone (ZEN)
	Deoxynivalenol (DON)
	Quantitative determination of certain mycotoxins (AFs, OTA and ZEN) using VICAM
	Aflatest, Ochratest, zeralatest immunoaffinity column (IAC) followed by fluorometric method
	Chemicals and reagents 


	Aflatoxins (afs)
	Ochratoxin A (OTA)
	Zearalenone (ZEN)
	Standard preparation and spiking
	Statistical analysis

	Results
	Tested samples
	Spectroscopic analysis of mycotoxins using ELISA
	Aflatoxins (afs)
	Ochratoxin A (OTA)

	Zearalenone (ZEN)
	Deoxynivalenol (DON)


	Discussion
	Anchor 30
	Acknowledgements
	References


