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ABSTRACT

Background: Tomato paste is susceptible to mold growth if it is not stored properly. Aflatoxins are
dangerous fungal toxins produced by molds that can pose health risks to humans. The present study aimed
to investigate the level of aflatoxin released around the moldy areas of tomato paste.
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Methods: In this laboratory study, 30 samples of tomato paste from a specific brand were collected and
inoculated with Aspergillus flavus spores. The samples were kept under conditions of a kitchen
environment (24-30 °C) at three-time intervals: 1-, 2-, and 3-weeks post-inoculation, and the levels of
aflatoxin at various depths from the moldy surface (1, 3, and 5 cm) were measured using High-Performance
Liquid Chromatography method.
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Results: The results indicated that the level of aflatoxin in the tomato paste samples significantly increased
over time and penetrated to different depths. By the third week, the samples were heavily contaminated,
and the aflatoxin had infiltrated the entire product, rendering it unsafe for consumption.

Conclusion: The findings of this research suggest that mold growth on tomato paste leads to aflatoxin
production in the tissues surrounding the moldy area, which can be hazardous for human consumption.
Therefore, consumers need to refrain from using this product if mold is observed.
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Introduction

Continuous population growth and the subsequent
increase in food needs and food security have been among
the fundamental challenges for governments in recent
decades [1-4]. Tomato paste is one of the commonly used
products and is available in various packaging types and
brands on the market. Additionally, according to Iran's
National Standard No. 761, the addition of any
preservatives, thickeners, stabilizers, flavorings, or colors
to this product is prohibited [5, 6]. Due to the sensitivity
of the sterilization process, any failure in this process can
make tomato paste highly susceptible to mold growth [7].
Most of the time, it may be stored without a lid or come
into contact with contaminated utensils from other foods.
This issue can increase the likelihood of mold growth on
the product. Among the toxins produced by mold growth
are aflatoxins. These toxins, also known as mycotoxins,

are a group of fungal toxins produced by various
species of fungi, particularly those from the Aspergillus
genus, specifically Aspergillus flavus and Aspergillus
parasiticus. Aflatoxin (AF) contamination commonly
occurs in food products, including wheat, corn,
peanuts, pistachios, and soybeans [8, 9]. Consuming
aflatoxin-contaminated food can cause serious illnesses
in humans and animals; no living organism is safe from
the harmful effects of this toxin [10]. Aflatoxins have
been categorized as Group I carcinogenic agents by the
International Agency for Research on Cancer (IARC),
which means that the agent has sufficient evidence of
causing cancer in humans on repeated exposures. The
AF can also lead to tissue necrosis and liver cirrhosis
[11]. There are four major aflatoxins: aflatoxin Bl
(AFB1), AFB2, AFGI, and AFG2. The AFBI is the
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most carcinogenic and potent of the known metabolites
[12]. Then, preventing mold growth and AF production in
food products is essential. Therefore, in this study, an
attempt was made to investigate the exact amount and
depth of contamination of tomato paste with aflatoxin
during three consecutive weeks of storage at room
temperature, to determine the depth of the product at
which contamination occurs and how long it takes for the
product to become contaminated and unusable.

Materials and Methods

Sample collection

A total of 30 samples were selected randomly from a
single brand with the same production date and batch
number of tomato paste. They were categorized into three
groups of 10 each.

Reagents and standards

The chemical substances and reagents employed in the
present investigation consisted of sodium chloride (NaCl),
n-hexane, chloroform (n-hexane CHCI3), methanol,
acetonitrile, and formic acid (CH202). These compounds
were characterized by a high degree of purity and were
procured in High-Performance Liquid Chromatography
(HPLC) grade from Merck (Germany). The stock solution
of AFB1, AFB2, AFG1, and AFG2, supplied by Sigma
(St. Louis, MO, USA), possessed a concentration of
1000.0 ng/ml. The stock solution was stored at a
temperature of 4°C in a light-protected environment.
Methanol and acetonitrile were sourced from Merck Pure
Chemicals (Germany). Deionized ultra-pure water was
acquired from the Millipore Direct 8 apparatus. Spores of
Aspergillus flavus were obtained from Sabouraud
dextrose agar culture and inoculated into the culture media
of 30 cans of tomato paste.

High-performance liquid chromatography analysis

The experimental apparatus and parameters established
for chromatographic analysis were delineated as follows:
The HPLC investigations were executed utilizing a
KNAUER HPLC Platin Blue system, which was outfitted
with a K-1000 pump (Berlin, Germany) and interfaced
with a fluorescence detector (HPLC-FLD). The analytical
column utilized in this study was a CI18 column,
characterized by dimensions of 4.6 x 250 mm, fabricated
by Knauer in Berlin, Germany. The mobile phase
employed in this investigation comprised a solvent
mixture of acetonitrile, methanol, and water in the ratio of
24:25:51. Before its application, the mobile phase
underwent a de-aeration process utilizing an ultrasonic
bath for a period of 10 minutes. Subsequently, the mobile
phase was administered at a constant flow rate of 1.5
ml/min in isocratic mode. The fluorescence detector was
meticulously calibrated to function at excitation and

emission wavelengths of 373 nm and 450 nm,
respectively [13].

To facilitate the development of a calibration curve,
six distinct dilutions of aflatoxin standards were
prepared utilizing specific volumes of methanol to
attain concentrations of 0.5, 1, 2.5, 5, 10, and 20 ng/ml.

The verification of the analytical methodology
encompassed the evaluation of its repeatability
(intraday precision) and reproducibility (inter-day
precision), commonly denoted as relative standard
deviation (RSD). Furthermore, parameters such as
linearity, accuracy (ascertained through recovery
studies), selectivity, and the thresholds for detection,
limit of detection (LODs), and quantification (LOQs)
were meticulously analyzed. The LOD was ascertained
by quantifying the concentration of the analyte,
wherein the peak areca was observed to be threefold
greater than the background noise area in a control
sample (signal-to-noise ratio > 3). The LOQ was
established by performing three replicates of the
detection limits under the stipulation that the signal-to-
noise ratio (S/N) was equal to or greater than 10. The
acceptable threshold for the RSD must be below 20%.
Moreover, the acceptable range for recovery is
expected to fall within 70% to 120% [14]. A correlation
coefficient exceeding 0.99 is deemed satisfactory in the
evaluation of linearity.

Inoculation of spores

Spores of Aspergillus flavus were obtained from
Sabouraud dextrose agar culture and inoculated into the
culture media of 30 cans of tomato paste. After
incubating the fungus for 48 h at 21 °C, a suspension
containing fungal spores was prepared using sterile
distilled water, and the concentration of spores was
measured using a Neubauer chamber. Dilution was
performed so that the final concentration reached 106
/mL. Each can of tomato paste received 2 mL of this
suspension [15].

Incubation and storage stages

The cans of tomato paste were stored at room
temperature in an industrial kitchen (24-30 °C). The
ambient temperature was monitored daily, and the cans
were categorized into three groups of ten. The first
group was examined after 1 week, the second group
after 2 weeks, and the third group after 3 weeks.

Sampling process

After each period ended, the lids of the cans were
opened, and they were first visually inspected for mold
growth. Then, samples were taken weekly during three
weeks from different layer depths of 1, 3, and 5 cm
from the moldy surface. The level of aflatoxin in each
sample was measured using HPLC.
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Inclusion criteria

1.

Type of Product: Only canned tomato pastes from a
single brand with identical production dates and batch
numbers were included in the study.

Appearance Status: Cans or packaging that were
intact without physical damage or signs of spoilage
(leaks, dents, or rust) were included.

Type of Packaging: Only products packaged in
standard cans or jars without previous openings were
considered eligible for inclusion.

Production Date: All samples had identical and
clearly marked production dates, with no more than
six months elapsed between production date and
sampling time.

Exclusion criteria

1.

Damage to Packaging: Cans or jars that showed
signs of physical damage (e.g., leaks, rusting, and
breaking) were excluded from the study.

Doubt about Product Authenticity: In case of any
doubt about brand authenticity or product production
date at any stage of the study, that sample was
excluded.

Environmental Contamination: In case of
contamination due to external pollution or
uncontrollable environmental factors, the sample was
removed from the study.

Failure to Maintain Storage Conditions: Products
stored under improper environmental conditions (i.e.,
conditions other than the specified room temperature)
were excluded.

Ethical considerations

1.

Adherence to Ethical Principles in Animal and
Human Testing: In all stages, the study adhered to
scientific ethical principles while strictly following
standards related to public health and environmental
protection. No living organisms were used in
aflatoxin production processes or product testing.
Consumer Rights Protection: All samples used
served solely as laboratory samples and were not
intended for public distribution or consumption.
Confidentiality of Information: Information
regarding product brands and other confidential
details was maintained throughout the study and used

solely for scientific analysis.

Limitations of the implementation plan and methods to
mitigate them

1. Sample Quality: One main limitation may arise
from unintended changes in storage conditions at
the time of sampling. To mitigate this limitation,
samples were immediately placed in a controlled
laboratory environment after collection.

2. Risk of Secondary Contamination: There is a
risk of secondary contamination during sampling
or inoculation with mold. To reduce this risk,

sterilized tools and controlled laboratory
environments were used.
3. Variability in Environmental Conditions:

Differences in environmental conditions (variable
temperatures in industrial kitchens) may affect
results. To minimize this limitation, ambient
temperature was monitored and recorded daily.

4. Limited Sample Size: Due to the pilot nature of
this study, sample sizes may be limited. To
enhance the accuracy and reliability of results,
more repetitions and appropriate statistical
analyses will be employed to reduce errors.

Data analysis

For AFBI, AFB2, AFGI, and AFG2, a two-way
ANOVA statistical analysis was conducted at two
levels: week and sampling depth. After the two-way
ANOVA, a One-Way ANOVA was conducted by
combining the two levels of the variable’s week and
depth of measurement. Subsequently, a post-hoc Tukey
test was performed, revealing significant differences
between consecutive weeks. Statistical analyses were
performed using the Prism software. A P-value of less
than 0.05 was considered statistically significant.

Results

After implementing aflatoxin standards in the
injection system, the validation of the traditional
method for aflatoxin measurement in food, based on the
Association of Official Analytical Chemists (AOAC)
method, was conducted. The results of this validation
are provided in Table 1.

Tablel. Validation Results of Traditional AOAC'-based Method for Aflatoxin Determination in Tomato Paste (HPLC-FLD?)

Validation Parameter AFB1 AFB2 AFG1 AFG2 Notes
Linearity (R?) > 0.998 > 0.998 > 0.998 > 0.998 Mam’"mamhfgfg)l‘bmt“’n (2-50
LOD’ (ng/g) 0.10 0.15 0.20 0.20 Based on S/N >3
LOQ*(ng/g) 0.30 0.45 0.60 0.60 Based on S/N > 10
Recovery (%) 82.7-93.1 82.7-93.1 82.7-93.1 82.7-93.1 Spiked at 2, 5, 10 ng/g, triplicate
over 3 days

Precision (RSD? %) <75 <75 <75 <75 Intra- and inter-day precision
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Stable under +0.1 mL/min flow,

Robustness Passed Passed Passed Passed +2% mobile phase, £2°C column
temperature
Ruggedness (RSD%) <10 <10 <10 <10 Different anal}{)s;tsc, }ilréztruments, TIAC
System Suitability Passed Passed Passed Passed RT RSDRZSI(:{;Q;I% ITi.D <2%,
Extracts stable for 72h (I.QT & 4°C),
Stability Stable Stable Stable Stable stock standards stable 1 month @ -
20°C

Selectivity No interference No interference No interference No interference Complete baseline separation
gﬁ::ﬁzﬁsn(i %) +12 +12 Not evaluated Not evaluated Combined uncertainty at 95% CI

1- AOAC: Association of Official Analytical Chemists.

2- HPLC-FLD: High-Performance Liquid Chromatography with Fluorescence Detection.

3- LOD: Limit of detection.

4- LOQ: Limit of quantification.

5- RSD: Relative standard deviation.

In this study, the results of aflatoxin production were significant difference from the first week (Figures 1, 2,
reported from three different layers of moldy tomato paste and 3; p<0.001). In the first week, a significant
at one-, two-, and three-weeks post-inoculation. difference was observed between levels 2 and 3 for

Regarding aflatoxin G, since no specific amount was AFBI1, AFB2, and AFB1+B2 (Figures 1, 2, and 3;
observed, it was not included in the statistical analysis; it p<0.001). Moreover, for AFB2 and AFB1+B2 in the
is only reported that no significant amounts were observed 3rd week, a significant difference was observed
at any of the three depths or weeks measured (data not compared to level 1 (Figures 2 and 3; p<0.001).
shown). Then, it showed a significant difference for the

For the aflatoxins B1, B2, and B1 & B2, both levels of combination of week and sampling depth for AFBI,
week and sampling depth were significant with p<0.0001. AFB2, and AFB1+B2 (Figure 1, F (8, 261)=10630;

It was observed that for AFB1, AFB2 and AFB1+B2 at p<0.001), (Figure 2, F (8, 261)=633; p<0.001), and
two levels of week and sampling depth were significance (Figure 3, F (8, 261)=61548; p<0.001), respectively.
(Figure 1, Week: F (2, 261)=5321; Level: F (2, The post-hoc Tukey test revealed a significant
261)=26769; p<0.0001), (Figure 2, Week: F (2,261)=277; difference in the combination of the third week at all
Level: F (2, 261)=1786; p<0.0001), (Figure 3, Week: F (2, three measurement levels compared to the first week
261)=33831; Level: F (2, 261)=150481; p<0.0001) and all three measurement levels (p<0.001). However,
respectively. Subsequently, a significant difference was the combination of week and measurement depth in the
revealed in the third week compared to the second and second week showed no significant difference
first weeks for AFB1, AFB2, and AFB1+B2 (Figures 1, compared to those in the first and third weeks.

2, and 3; p<0.001). Additionally, the second week had a

400 -
== Levell

Ex=m Level 2
== Level 3

Concentration of aflatoxin B1

week 1 week 2 week 3
Level of sampling

Figure 1. Concentration of aflatoxin B1 from different layer depths of 1, 3, and 5 cm from the moldy surface kept under 2430 °C at three-time intervals:

1-, 2-, and 3-weeks post-inoculation. Week: F (2, 261) = 5321; p<0.0001, Level: F (2, 261) = 26769; p<0.0001, **: Significant to weeks 1 & 2; p<0.001.

$: Significant to weeks 1; p<0.001, #: Significant to level 2 & 3 in week 1; p<0.001, F (8, 261) = 10630; p<0.001,Week 3 & Level 1 to Week 1 & Levels
1,2 & 3; p<0.001, Week 3 & Level 2 to Week 1 & Levels 1, 2 & 3; p<0.001, Week 3 & Level 3 to Week 1 & Levels 1,2 & 3; p<0.001.
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Figure 2. Concentration of aflatoxin B2 from different layer depths of 1, 3, and 5 cm from the moldy surface kept under 24-30 °C at three-time intervals:
1-, 2-, and 3-weeks post-inoculation,Week: F (2, 261) = 277; p<0.0001, Level: F (2, 261) = 1786; p<0.0001, **: Significant to weeks 1 & 2; p<0.001,*:
Significant to level 1 in week 3; p<0.001, $: Significant to weeks 1; p<0.001, #: Significant to level 2 & 3 in week 1; p<0.001, F (8, 261) = 633; p<0.001,
Week 3 & Level 1 to Week 1 & Levels 1, 2 & 3; p<0.001, Week 3 & Level 2 to Week 1 & Levels 1, 2 & 3; p<0.001, Week 3 & Level 3 to Week 1 &
Levels 1, 2 & 3; p<0.001.
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Figure 3. Concentration of aflatoxin B1+B2 from different layer depths of 1, 3, and 5 cm from the moldy surface kept under 24-30 °C at three-time
intervals: 1-, 2-, and 3-weeks post-inoculation. Week: F (2, 261) = 33831; p<0.0001, Level: F (2, 261) = 150481; p<0.0001, **: Significant to weeks 1 &
2; p<0.001, *: Significant to level 1 in week 3; p<0.001, $: Significant to weeks 1; p<0.001, #: Significant to level 2 & 3 in week 1; p<0.001, F (8, 261) =
61548; p<0.001, Week 3 & Level 1 to Week 1 & Levels 1, 2 & 3; p<0.001, Week 3 & Level 2 to Week 1 & Levels 1,2 & 3; p<0.001,Week 3 & Level 3

to Week 1 & Levels 1, 2 & 3; p<0.001.

Discussion mold surface over the first three weeks under
conditions simulating a commercial kitchen
environment (24-30 °C). Based on conducted studies,
it is recommended to use Aspergillus flavus for
contaminating the samples. Additionally, some studies
indicated that the optimal incubation temperature for
food samples is 2430 °C, which was also used in this
study based on a comprehensive review of studies
[17,18]. The results indicated that aflatoxin production

Tomato paste, a commonly consumed product, is
susceptible to mold growth and contamination with
aflatoxins if not stored properly [16]. These aflatoxins can
pose health risks to humans. In this study, the
concentration of aflatoxin released around moldy tomato
paste, after inoculating with Aspergillus flavus spores,
was examined at three depths (1, 3, and 5 cm) from the

12 Alimoradian A, et al. Aflatoxin Levels in Moldy Canned Tomato Paste. J Toxicol. 2026; 20(1): 8-15.



==
“@ Iranian Journal of Toxicology
Qﬁf ARAK UNIVERSITY OF MEDICAL SCIENCES

January 2026, Volume 20, Number 1

in molds growing on tomato paste gradually increased
over time, with these compounds penetrating deeper
layers of the food. Factors such as the type of mold,
storage conditions, and the physical and chemical
properties of the food can significantly influence the
production and penetration of aflatoxins [19-21].

According to the results obtained, during the first week,
only aflatoxins from group B were present in the tomato
paste, and their penetration was such that they could only
spread to a depth of 1 cm. In fact, during this short time
frame, the amount of aflatoxin produced by Aspergillus
flavus was very low, which explains the reason for its
penetration to a depth of only 1 cm. Therefore, it can be
stated that if only the surface contaminated with mold is
removed during this period, the remaining tomato paste is
free from aflatoxins and is safe for consumption.
Aspergillus flavus is known to produce aflatoxins, with
B1 being the most prevalent in tomato extracts, as
observed in various studies [22]. The limited penetration
of aflatoxins to a depth of 1 cm suggests that the initial
production is low, which is consistent with findings that
peak aflatoxin production occurs after 72 h under optimal
conditions [23]. The removal of the contaminated surface
layer could effectively eliminate aflatoxins, as the deeper
layers remain unaffected during the initial week [22]. This
approach is supported by the observation that aflatoxin
production can be inhibited or reduced by certain
treatments, such as chitosan coatings, which have shown
efficacy in reducing aflatoxin levels in tomatoes [24].

The results reported during the second week differed to
some extent. In addition to the presence of group B
aflatoxins in week two, group G aflatoxins were also
confirmed through precise measurements using HPLC. As
expected, the depth of penetration of aflatoxins increased
compared to the first week, and contamination spread
further. Thus, to safely consume moldy tomato paste after
two weeks, 3 cm of product must be discarded to ensure
that it is free from aflatoxins. The findings regarding
aflatoxin contamination in moldy tomato paste highlight
the increasing complexity of mycotoxin management over
time. In the second week, the detection of both group B
and G aflatoxins, alongside an increased penetration
depth, underscores the need for stringent safety measures.
The depth of aflatoxin penetration into food products
increases over time, necessitating more substantial
removal of contaminated layers. The recommendation to
discard 3 cm of moldy tomato paste is based on empirical
evidence of contamination spread, ensuring that the
remaining product is safe for consumption [25]. Studies
indicate that aflatoxin levels can increase significantly
within a week, underscoring the importance of monitoring
and promptly disposing of affected food [26].

By the third week, samples were heavily contaminated,
and the aflatoxin had infiltrated throughout the product,
rendering it unsafe for consumption. Aflatoxins are
classified as Group I carcinogens, with Aflatoxin Bl

being particularly harmful. Therefore, the entire
product must be discarded as it is unusable.

Since this study was conducted at this level for the
first time, the results obtained make a significant
contribution to changing misconceptions about moldy
products and, ultimately, their methods of
consumption, thereby influencing consumer behavior
and consumption patterns. Based on these results,
tomato paste can be safely consumed in the first week
after mold formation on its surface if more than 1 cm is
removed. Additionally, after two weeks, there are no
restrictions on consumption if more than 3 cm are
discarded.

Environmental factors such as high moisture levels
during storage significantly increase the risk of fungal
growth and toxin production [27-29]. Moreover, major
causes of aflatoxin contamination include improper
harvesting, inadequate drying, and poor storage
conditions  [30]. Interdisciplinary  approaches,
including improved analytical methods for detection
and better feed composition, can help reduce
contamination risks [28].

While the initial findings suggest safety through
surface removal, it is crucial to consider the potential
for deeper contamination over time, especially in warm
and humid conditions that favor fungal growth.
Furthermore, the presence of other aflatoxin types and
their precursors, which may not be as easily removed,
should be monitored to ensure comprehensive food
safety [31]. Additionally, when the focus is on the
dangers of aflatoxin contamination, it is important to
consider advancements in detection and mitigation
strategies that can help manage this pervasive issue
effectively. Conversely, some argue that the focus on
aflatoxin levels may overshadow other potential
contaminants in food products, suggesting that a more
holistic approach to food safety is necessary. This
perspective emphasizes the need for comprehensive
testing beyond just aflatoxins to ensure overall food
safety.

Conclusions

While the removal of the surface layer of tomato paste
appears to mitigate aflatoxin risk in the short term,
ongoing monitoring and preventive measures are essential
to address potential long-term contamination and ensure
food safety.
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