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Abstract: This study will deal with the forensic profiling of
mycotoxins by comparing extraction and characterization
techniques across food substrates. Mycotoxins were effectively
extracted via liquid-liquid extraction with ~90% recoveries.
Identification was performed via color tests, TLC, and spectroscopic
techniques (UV-Vis, FTIR, and Raman spectrometry). TLC analysis
shows that Aflatoxins, Ochratoxin A, and Zearalenone have different
Rf values (0.15-0.70). FTIR and Raman spectra established the
existence of vital functional groups (C=0, C=C, -OH) which are
typical of mycotoxins, while UV-Vis analysis revealed characteristic

peaks of absorption. The study further elaborates on the condition
for fungal growth with temperature and humidity affecting the toxin
production. This study holds special significance in the forensic
investigation of food contamination, intentional adulteration of
food, and post-mortem identification of toxins. Useful and less time-
consuming techniques would thus widen the scope of forensic
toxicology and food safety protocols, surveying mycotoxins in legal
and public health aspects.

Keywords: Mycotoxins, Liquid-liquid Extraction, Raman
Spectroscopy, FTIR, Forensic Toxicology

1. Introduction

Mycotoxins are harmful subordinate metabolites generated by fungi, especially genus of Aspergillus, Penicillium, and
Fusarium. These substances infect farmed products such as grains, nuts, and dairy, posing serious health risks because of their
hepatotoxic, nephrotoxic, and neurotoxic properties. Their stability in the environment, tendency to bioaccumulate in human
tissues, and resistance to degradation make them especially relevant in forensic toxicology. The most commonly growing
species are Aspergillus, Penicillium, and Fusarium. The common occurrences of them are animal products, grains, nuts, and all.
Those are producing latent jeopardy of acute as well as chronic toxicity [1, 2]. The ability of mycotoxins to be stable in various
environmental conditions also their buildup in the human tissue make it important from the forensic toxicological point of view.
They were usually helpful in the analysis of food toxicants and diet safety and poisoning cases [3]. Mycotoxins are bioactive
subordinate metabolites produced by fungal species under satisfactory circumstances of temperature, humidity, and nutrient
availability. They normally contaminate agronomic commodities like cereals, nuts, spices, and milk products, providing
noteworthy dangers to human and animal strength [4]. The possible identification of mycotoxins is demonstrated in grains, also
it highlights its potential to detect mycotoxins without destructive means, there are some limitations still in this method that
cross-border validation and adaptability [5]. Their frequency in farmed commodities demands strict processing standards,
cautionary measures, and continuous research to elucidate fungal growth conditions and mitigate mycotoxin contamination [6].
Fungus and its spores are frequently present in the environment but in the workroom its significant exposure is leading to long-
lasting as well as acute diseases. Empirical testing suggested the presence of hypersensitive response from the human body to
mycotoxin producing species [7]. Mycotoxins are crucial in food poisoning investigations, food intoxication, environmental
contamination, unexplained deaths, and residue contaminations. Their chemical stability allows their independent existence in
biological tissues and food matrices, while bioaccumulation entails an increase in their relevance when it involves a forensic
investigation. Chronic exposure, on the other hand, is connected to severe health effects: hepatic cancer (aflatoxins),
nephrotoxicity (ochratoxins), and immunosuppression (fumonisins), whereas acute toxicity is able to kill with suddenness.
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Forensic Profiling of Mycotoxins: Comparative Extraction, Characterization, and Analytical Insights Across Food Substrates

The intentional adulteration of food with mycotoxins may serve as a means of covert poisoning, thus the detection of
mycotoxins is of paramount importance during forensic investigations. In view of their forensic importance, it is necessary to
advance fast, reliable, and cost-effective methods for identifying mycotoxins in food and biological matrices. In these studies,
LLE, TLC, and different spectroscopic techniques (UV-Vis, FTIR, and Raman) are compared and evaluated for further progress
in the area of forensic toxicological investigations.

Toxicity and Medicolegal Relevance of Mycotoxins

Detection of mycotoxins from biological matrices is of utmost importance in a toxicologic context. The tarnishing,
contamination, and unintentional acquaintance are key circumstances in which such a study will become crucial [8]. The
profiling of mycotoxins such as aflatoxins, and ochratoxins, including their site of action such as hepatotoxic, nephrotoxic, and
neurotoxic. Sudden deaths and unwanted deaths or deaths under unusual circumstances are major scenarios in which such study
is employed [8]. Mycotoxins are secondary metabolites which produce fungal effects on crops and subsequently humans as they
consume contaminated food [9]. The agricultural approach is foremost important to control the widespread of mycotoxins which
are readily affected by different environmental conditions [10]. The risk of bioaccumulation increases the forensic significance
of them with greater account [3, 11]. Common mycotoxins such as Aflatoxin are linked to hepatocellular carcinoma, whereas
ochratoxin A has nephrotoxic properties [3, 12]. Long-term exposure is related to diseases like hepato-cancer, and renal failure,
while sudden exposure may upshot in severe poisoning and mortalities, particularly in food-oriented epidemics [13]. The
forensic toxicological relevance covers cases linking planned tried contamination, misconduct, and impenetrable demises,
where their investigation can establish accountability and action [14].

Forensic Perspective of Mycological Investigations

As far as we are concerned from medicolegal and forensic points of view, mycotoxins were linked to foodborne poisoning
as well as they aid in the time since death determination, such evidence can also be used for identification of misconducts such
as adulteration and ecological contamination [11, 15]. One case report noted that the fungal evidence helped to estimate the
time since death for cadaver of 71 years old body dumped in well. The parent species of aflatoxins, Aspergillus, helped in the
matter concerning. Aspergillus and penicillium tend to colonize usually in 3 to 7 days after death. Suggesting the PMI of roughly
10 days [16]. The hyphenated techniques such as spectroscopical examination have amplified the sensitivity and selectivity of
forensic analysis safeguarding the strong scientific rigor in legal proceedings [8]. The novel study presents a tried and tested
methods such as Liquid-Liquid extraction coupled with salting out for identifying 13 mycotoxins in human and animal liver
[17]. The modern methodology is designed for alternative confirmation of different mycotoxins such as aflatoxins, ochratoxins
and Zearalenones from food substrate by using HPLC with fluorescence detector [18]. Thin-layer Chromatography is
comparatively powerful yet economic tool for detecting the presence of mycotoxins, just needed spraying reagents for
development [19]. Forensic Mycology an emerging field of forensic biology, concerned about fungal evidence for aiding crime
investigations even from trace amount. Majorly contributing the accidental poisoning cases, tracing narcotic and psychotropic
substances and PMI estimation [20]. Commonly observed mycotoxin I.e., Aflatoxin produced by Aspergillus is termed as major
global food contaminants. There are different variants of this toxin such as AFB1, AFB2, AFG1, AFG2, AFM1, AFM2. High
end separation techniques were employed for superior quantitative and qualitative analysis in case of food contaminants [21].
As far as we concerned about forensic archaeology and taphonomy, mycological evidence can be useful for purpose of
determination of location of concealed body. Ammonia based fungi evidence can be observed on dead bodies and animal
carcasses [22]. The interaction of fungi with toxic metals is crucial due to their role in fungicides and environmental pollution.
Fungi thrive in metal-polluted areas, aid in metal detoxification, and can be used for treating industrial effluents. Combination
of heavy metals and fungi can be crucial in case of environmental pollution, according to empirical testing fungi can
prosperously develop in case of metallic polluted areas, which can easily use track down the perpetrator or even link number of
crime scenes [23].

2. Material and Methods

Material:

Organic solvent: Chloroform, Acetonitrile, Methanol. (Analytical reagent grade and procured from Loba Chemie Pvt. Ltd.)
Acidity: Hydrochloric acid (HCI), Sodium hydroxide (NaOH). (Analytical reagent grade and procured from Loba Chemie Pvt.
Ltd.)

TLC plates: Silica gel G-coated aluminum plates.

Mobile phase: Toluene-Acetonitrile, Chloroform-Methanol, Hexane-Ethyl Acetate, etc.(Analytical reagent grade and procured
from Loba Chemie Pvt. Ltd.)

As a matrix: Bread, Roti (Tortilla), Sugar-rich substrate.

Glassware: Separatory funnel and capillary tubes. (Borosil Glassware)

Sample Preparation:

e Food substrate was minced via a blender or any sharp device. Ten grams of each of the food samples were finely ground
and then homogenized with 50 ml of distilled water.

e To optimize the extraction efficiency of the mycotoxin, the pH was adjusted at around 2-6 using HCI or NaOH.

e This mixture was agitated for 30 minutes at ambient temperature before the extraction.
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Liquid-Liquid Extraction (LLE) of Mycotoxins

Extraction: The sample extract was treated with 50 mL of equal volume (1:1) chloroform-methanol.

Phase Separation: The mixture was transferred to a separatory funnel shake vigorously for 15 minutes.

Collection of Organic Layer: After settling, the organic layer was removed carefully.

Repeated Extraction: The above step is repeated for two additional times with fresh solvent for maximum recovery.
Filtration and Drying: The pooled organic extract were filtered through Whatman filter paper and air-dried at room
temperature until mycotoxins crystallized.

Reconstitution: For further additional research perspectives, the dried deposit was again dissolved on 5 milliliters of methanol
and acetonitrile.

inizati . Filtration &
'&?Qﬁg'g}zgﬂggtrft‘e Sep. Funnel Settling Of Reconstitution Of
: Two Layers Mycotoxins In Solvents

Fig. 1. Schematic representation of solvent extraction procedure for effective mycotoxins extraction

Color Tests for Mycotoxins
Different Colour tests were performed on prepared extract in Acetonitrile and methanol for preliminary detection of mycotoxins.

Thin-Layer Chromatography (TLC)

Using a capillary tube, a small amount of the extract was spotted onto the baseline of the aluminium plate precoated with silica
gel G plate and air-dried. The TLC plate was positioned in a saturated developing tank containing the mobile phase, confirming
the solvent level was below the baseline i.e., (10ml). The solvent was permitted to rise by capillary action, covering 75% of the
plate length (10 cm), after which the plate was dried. Spots were visualized under UV light, and the Rf values were calculated
by taking ratio of distance travelled by solute front as per solvent front.

Criteria for Choosing Solvent Systems for TLC

Order of Polarity Difference of Mycotoxins and the Interaction with the Stationary Phase:
Non-polar solvents are good for the separation of aflatoxins (Toluene: Acetone).

Moderately polar solvents are good for Ochratoxins and Zearalenone (Chloroform: Acetonitrile).
Polar solvents, like Hexane: Acetone, are suitable for the Trichothecenes and Fusarium toxins.

Characterization

Mycotoxins were identified and their composing factors were noted from different characterization techniques. The
characteristic UV absorbance was obtained using LablIndia Dual Beam UV-VIS 2000U Spectrophotometer, whereas functional
groups present in them were analysed using the Bruker Alpha FTIR Spectrophotometer. Furthermore, the molecular
fingerprinting of mycotoxins through vibrational features were performed using STR150 Raman Spectrophotometer (Seki
Technotron Corp).

3. Result and Discussion

Culture Properties

Development of different species of fungus on substrate

The fungal species were developed on three different substrates: bread, another is roti or tortilla and third was sugar-rich
substrate. Environmental conditions such as humidity, absence of light, and moisture. The primary development was
observed within 24 hours, but collection of mycelium and hyphae was developed somewhere in between 24-48 hours. The
spores of fungal species were noticeable after 72 hours.
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*In some molds, the
color of spores can be
bright (e.g., yellow,
green, or black) when
they are produced.

1

Sporulation Stage

Germination Stage

« The substrate (e.g.,

bread) may start to
darken or show slight
discoloration due to
moisture absorption and
early fungal activity.

+ Observe a white to
yellowish or light
green color,
depending on the
mold species.

Mycelium
Development

Mycotoxin
Production

« The extract from the
mold or the affected
substrate may exhibit
specific color changes
when  subjected  to
certain reagents in color
tests.

Fig. 3. color change based on the development of fungi on food substrate

Thin-Layer Chromatographic Separation:

TLC analysis of mycotoxins provides an economic alternative to the high-end hyphenated techniques such as HPLC and HPTLC
for primary analysis and detection. The preparative thin layer chromatography we used to obtain the sample in its purest form.
The pre-coated aluminum plates with the Silica Gel G were used as stationary phase coupling with different solvent systems.

Table 1. TLC Analysis of mycotoxins from bread

Sr. No. Solvent System (ml) Rf Value Possible Mycotoxin
1. Chloroform: Water (9:1) - -
2. Chloroform: Acetone (97:3) - -
3. Toluene: Acetone (1:1) 0.34 Aflatoxins (B1, B2, G1, G2)
4. Chloroform: Acetonitrile (9:1) 0.68 Ochratoxin
5. Toluene: Acetone (3:2) 3.77 Zearalenone
6. Ethyl Acetate: N- Hexane (3:1) 0.63 Fusarium Toxins
7. Benzene: Methanol: Acetic Acid (8:1:1) 0.13 Aflatoxins (B1, B2, G1, G2) Zearalenone
0.35
8. Hexane: Acetone (4:1) 0.20 Trichothecenes
Table 2. TLC Analysis of mycotoxins from tortilla
Sr. Solvent System (ml) Rf Value Possible Mycotoxin
No.
1. Toluene: Ethyl Acetate: Acetic A. 040 Deoxynivalenol (DON) and Ochratoxin
Acid B. 0.786 A
(6:2:2)
2. Hexane: Ethyl Acetate A. 0544 Aflatoxin B1 or G1
(1:1)
3. Chloroform: Methanol - -
(1:1)
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Table 3. TLC Analysis of mycotoxins from sugar-rich substrate

Sr. No. Solvent System (ml) Rf Value Possible Mycotoxin
1. Toluene: Ethyl Acetate: Acetic Acid C. 033 Ochratoxin A and Zearalenone
(6:2:2) D. 061
2. Hexane: Ethyl Acetate B. 0.633 Aflatoxin B1
(1:1)
3. Chloroform: Methanol A. 072 Fumonisins and Zearalenone
(1:1) B. 0.82

The entire set of TLC findings indicate that solvent systems have a different influence on resolving mycotoxins based on their
polarity and their affinities with the stationary phase.

Separation Efficiency Through Solvent Systems

Separation efficiencies will have been declared from the point of view of the degree of Rf value distinction and near-total lack
of overlapping spots for various mycotoxins.

The Toluene: Acetone 1:1 and Chloroform: Acetonitrile 9:1 produced intense sharp spots with very well separation for
mycotoxins; aflatoxins (B1, B2, G1, G2) and ochratoxin A, respectively-for quite low diffusion. This shows that the polarity
and elution strength are in perfect balance against the interaction with each other and keep the maximum distance of each
component of the analyte.

Ethyl Acetate: Hexane 3:1 gave a fair separation efficiency for fenugreek but exhibited a certain tailing to its halo in the plate,
which is most probably due to interaction with the stationary phase, leading to slight dilution.

Hexane: Acetone 4:1 was also almost ineffective for trichothecenes, recording less much-established spots because of less
mobility with low orders of interaction with the solvent.

The numbers of the Rf values for aflatoxins (approximately 0.30-0.40), ochratoxin A, and zearalenone were 0.68 and 0.35,
respectively, which were note that the values are nearly in sync with previously mentioned values in earlier studies, confirming
the TLC technique's reliability, though some slight variation was probably a sample substrate, possible rate of the solvent in a
sample evaporation, or varying coating of processing on plates.

Preliminary Colour tests for Mycotoxins
Table 4. Common Color Tests for Mycotoxins

Serial Test Name Process Inferences Possible
Number Mycotoxins
1 Ammonia Gas test [24] A drop of extract on filter paper + Fluoresce blue under UV light Aflatoxins
Ammonia Vapor (365 nm)
2 Sulfuric Acid Test [25] Conc. H,SO, + Extract Yellow color Aflatoxins
3 Ninhydrin Test [16] Drop of Purple color Fumonisins

extract on filter paper + spray 0.1% ninhydrin
solution ‘In acetone)

4 Sodium Hydroxide (NaOH) Extract + 5% NaOH Yellow color T-2 Mycotoxins
Test [26]

UV-Visible Spectroscopic Characterization:

The UV-Vis spectral spectroscopic analysis of the Carbs and Sugary Substrate samples revealed significant absorbance

peaks at 274 nm and 237 nm, which correspond to the known UV absorption maxima of Zearalenone (ZEA) and T-2 toxin,
respectively. Zearalenone, identified at 274 nm, is an estrogenic mycotoxin commonly found in cereals, posing risks to
reproductive health, while T-2 toxin, detected at 237 nm, is associated with Fusarium species and known for its cytotoxic and
immunotoxin effects. The presence of these peaks suggests potential fungal contamination, emphasizing the need for further
validation through advanced techniques like HPLC or LC-MS. Since mycotoxins show distinctive absorption due to their
molecular structures and conjugated double bonds, UV-Vis spectroscopy serves as a useful preliminary screening tool for
contamination detection. However, to ensure food and feed safety, continuous monitoring and strict regulatory compliance are
crucial, as both Zearalenone and T-2 toxin pose noteworthy health risks to humans and animals.
UV-Vis spectroscopy was used to identify mycotoxins by virtue of their characteristic absorption maxima, which arise from
electronic transitions occurring within their molecular structures. The key absorption peaks observed in this study correspond
to n—7* and n—n* transitions, which can be mainly related to the presence of conjugated double bonds, carbonyl (-C=0)
groups, and aromatic rings.
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Aflatoxins showed a strong absorption peak at 362 nm, which can be accounted for by the highly conjugated furanocoumarin
core in their structure. The broad n-electron system effects supper efficiency for m—n* transitions, which majorly leads to high
absorption in UV. In ochratoxin A, two additional peaks showed their characteristic absorption at 333 nm and 230 nm,
respectively, which have been linked to the phenylalanine moiety and the lactone ring. These functional groups promote n—n*
transitions, and the carboxyl group in ochratoxin A further facilitates the n—n* transitions.

In the case of zearalenone, there was a distinguishable absorption maximum at 274 nm due to the occurrence of its benzophenone
chromophore. This type of molecular structure allows for efficient absorption due to the extended m-conjugation. Fumonisins,
on the other hand, had much lower wavelengths of maximum absorption. This was reported as relating to n—x* transitions
associated with the carbonyl (-C=0) moieties that are usually found in ketone-containing mycotoxins. T-2 toxin revealed a peak
at 250 nm, accounted for ether (-O-) and carbonyl (-C=0) groups inducing n—r electronic transitions.From the peak values, it
is possible to derive an identity spectrum for different mycotoxins that allow for their rapid identification. Results obtained in
this study are in agreement with previous reports confirming that UV-Vis spectroscopy is a reliable tool for preliminary
mycotoxin screening before confirmatory chromatographic or mass spectrometric analysis.
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Fig. 5. UV Absorbance matching with characteristic absorption of Ochratoxin A and Zearalenone Respectively at 320 nm & 270 nm

Table 5. UV Analysis of mycotoxins

Serial Number | Mycotoxin Wavelength Range (nm) | Max Absorbance (nm) | Solvent used
1 Aflatoxins (B1, G1, B2, G2) 220-365 362 Chloroform
2 Ochratoxins A 200-380 333,230 Methanol
3 Fumonisins 200-250 235 Acetonitrile
4 Zearalenone 200-350 236, 274 Methanol
5 T-2 Toxin 200-260 250 Methanol
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FTIR analysis:

The hydroxyl group (O-H) stretches at 3543 cm™ and carbonyl (C=0) stretch at 1708 cm™ indicate aflatoxins, while the
N-H stretch (3165 cm™) and C=C stretch (1636 cm™) approve ochratoxins. Zearalenone is recognized by C-H (3003 cm™) and
C-O (1228 cm™) stretching, whereas fumonisins show C=N stretching at 2255 cm™. The presence of S-H stretching (2628 cm™)
and C-H bending (1435 cm™) confirm T-2 toxin. These functional group identifications validate the detection of mycotoxins
via spectral analysis.

FTIR spectroscopy has been a great help in characterizing functional groups present in mycotoxins by study of their
vibrational frequencies. Hydroxyl, carbonyl, amide, aromatic, and ether groups served as important spectral markers with
important distinctions between different classes of mycotoxins.

In aflatoxins, broad hydroxyl (-OH) stretching at 3543 cm™ confirmed hydroxyl-substituted furanocoumarin rings, while
a characteristic C=0 stretch at 1708 cm™ indicated the presence of a lactone ring. Meanwhile, ochratoxin A displayed a strong
N-H stretching vibration at 3165 cm™, which indicates an amide bond arising from phenylalanine, while the C=C aromatic
stretch at 1636 cm™ confirms the presence of its benzodihydrofuranone core.

Supported by aromatic ring C-H vibrations at 3003 cm™, the compound zearalenone will find confirmation in a C-O stretch
at 1228 cm™, indicating a lactone functional group. At the other end, fumonisins exhibit stretch at 2255 cm™, that is
distinguishing in the sense that it is a very defining feature for effective differentiation of other mycotoxins. In T-2, a peak was
observed for the -SH stretch at 2628 cm™!; thiol-containing trichothecenes are associated with this. Aliphatic C-H bending was
also confirmed with a stretch at 1435 cm™.

Therefore, FTIR peaks confirm that structures of mycotoxins complement results from UV-Vis spectroscopy. By assigning
vibrational frequencies to precise functional groups within the analyte, FTIR allows for among the fastest and most non-
destructive identification techniques for mycotoxins-a highly desirable quality for forensic toxicology and food safety inquiries.
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Raman Spectroscopic analysis:

Mycotoxins were analysed in acetonitrile and methanol at room temperature (25°C) with diluted sample preparations. Key
peak assignments include: Aflatoxins (1365 cm™: C-H bending, 1602 cm™: C=0 stretching), Ochratoxins (1520 cm™: C=C
stretching, 1685 cm™: C=0 stretch), Fumonisins (825 cm™: C-O-C stretching, 1450 cm™: CH: bending), Zearalenone (1002
cm': Aromatic ring breathing, 1615 cm™: C=C stretching), and T-2 Toxin (1240 cm™: C-O stretching, 2920 cm™: C-H
stretching).

Raman spectroscopy makes a great contribution to forensic toxicology and food safety due to its rapid and non-destructive
mode of analysis. When added to FTIR and UV-Vis techniques, increased molecular characterization and mycotoxin
differentiation can occur, thus decreasing reliance on time-consuming chromatography techniques.

Distinctive Raman shifts produced by each detected mycotoxin correlate with certain molecular features:

The aflatoxins had the strong C-H bending at 1365 cm™, while the C=0 stretching mode at 1602 cm™ confirmed the presence
of an aflatoxins furanoylcoumarin core. The C=0 stretching result matched very well with FTIR, where the C=0 stretching
appeared at 1708 cm™.

The reception of ochratoxin A C=C stretching at 1520 cm™ and a C=0 stretching at 1685 cm™ illustrates it to have a
phenylalanine-derived benzodihydrofuranone structure. The frequency of the C=0 peak in ochratoxin appears higher than in
aflatoxin A; this might probably be due to changes in ring strain and electronegativity.

Fumonisins were identified by C-O-C stretching at 825 cm™ and CH: bending at 1450 cm™; these confirmations give a
polyhydroxylated and amide-containing backbone. The C=N stretching at 2255 cm™ within FTIR validates the results logically
to assure nitrogen-containing functional group presence.

Zearalenone showed a strong aromatic ring breathing mode at 1002 cm™ and C=C stretching at 1615 cm™!, which is
characteristic according to its benzophenone chromophore. The C-O stretching peak of 1240 cm™ from the Raman spectrum
further corroborates the lactone identified at 1228 cm™ by FTIR.

T-2 Toxin exposure C-O stretching at 1240 cm™ and C-H stretching at 2920 cm™ that supports the trichothecene
framework. These bands appear at higher frequencies than in aflatoxins and ochratoxin A; possibly due to higher intermolecular
interactions than T-2 toxin's aliphatic chains.

Ramen St e

Fig. 7 & 8. Representative Raman spectra of mycotoxins, characteristic peaks corresponding such as C=N stretch (2250 cm™) for
Acetonitrile and C-O (1035 cm™) & C-H (2830 cm™) stretches for Methanol

9.Conclusion

In particular, this study focuses on the forensic significance of mycotoxin detection through a combination of TLC, UV-
Vis, FTIR, and Raman spectroscopy. These methods grant a fast, cheap, and non-destructive approach for identifying and
characterizing mycotoxins in contaminated food and biological samples. Results establish that TLC solvent systems can
significantly influence separation efficiencies, while spectroscopic techniques provide accurate molecular fingerprinting,
permitting differentiation of the mycotoxins based on chromophoric and functional group signatures. The detection of aflatoxins,
ochratoxins, fumonisins, zearalenone, and T-2 toxins becomes crucial in the forensic investigation of food poisoning,
unexplained deaths, purposeful tampering, and post-mortem investigations. Modern analytical spectroscopic techniques
integrated with advanced forensic toxicology, such as LC-MS, will strengthen the detection accuracy in toxin profiling during
crime scene investigations. Future advancements should put emphasis on the development of transportable, field-deployable
devices for on-site mycotoxin uncovering to enable forensic analysts and food safety officials to conduct fast, on-site screenings.
Expanding the scope for inclusion of emerging and less known mycotoxins stands to further fortify the forensic investigations
as well as the public health monitoring. By refining the analytical methodologies and embedding them into forensic casework,
this research paves way for effective toxin detection, better court cases, and better food safety regulations.

Limitations:

While our study successfully confirmed the identification and forensic profiling of mycotoxins using TLC, UV-Vis, FTIR, and
Raman spectroscopy, it did not include quantification using certified standard curves or calculation of LOD and LOQ values
due to absence of reference concentration series during the analysis. As a result, the findings are semi-quantitative in nature and
primarily focused on compound identification through spectral fingerprints and chromatographic behaviour. Future studies
should incorporate standard reference materials for calibration and method validation to allow for full quantitative comparison
with internationally accepted analytical techniques such as HPLC or LC-MS/MS.

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 86|Page



Forensic Profiling of Mycotoxins: Comparative Extraction, Characterization, and Analytical Insights Across Food Substrates

References

[1] Ezekiel, C.N., et al., Mycotoxin exposure biomonitoring in breastfed and non-exclusively breastfed Nigerian children.
Environ. Int., 2022. 158: p. 106996.

[2] Fremy, J.-M., etal., A review on combined effects of moniliformin and co-occurring Fusarium toxins in farm animals. World
Mycotoxin J., 2019. 12(3): p. 281-291.

[3] Gallo, A, et al., A mycotoxin-deactivating feed additive counteracts the adverse effects of regular levels of Fusarium
mycotoxins in dairy cows. J. Dairy Sci., 2020. 103(12): p. 11314-11331.

[4] Gong, Q., et al., Assessment of Fungal and Contamination of Ochratoxin A and Patulin in Foods Susceptible to
Contamination in the Yangzhou Market, China. Foods, 2024. 13(19): p. 3205.

[5] Min, H. and B.-K. Cho, Spectroscopic techniques for nondestructive detection of fungi and mycotoxins in agricultural
materials: A review. J. Biosyst. Eng., 2015. 40(1): p. 67-77.

[6] Pleadin, J., J. Frece, and K. Markov, Mycotoxins in food and feed. Adv Food Nutr Res. , 2019. 89: p. 297-345.

[7] Eduard, W., Fungal spores: a critical review of the toxicological and epidemiological evidence as a basis for occupational
exposure limit setting. Crit. Rev. Toxicol., 2009. 39(10): p. 799-864.

[8] Ajmal, M., et al., Comprehensive review of aflatoxin contamination, impact on health and food security, and management
strategies in Pakistan. Toxins, 2022. 14(12): p. 845.

[9] Turner, P.C. and J.A. Snyder, Development and limitations of exposure biomarkers to dietary contaminants mycotoxins.
Toxins, 2021. 13(5): p. 314.

[10] Daou, R., et al., Mycotoxins: Factors influencing production and control strategies. AIMS Agri. Food., 2021. 6(1): p. 416-
447.

[11] Krska, R., MyToolBox: Safe Food and Feed through an Integrated ToolBox for Mycotoxin Management. FINAL
PROGRAM, 2016: p. 5.

[12] Wild, C.P. and Y.Y. Gong, Mycotoxins and human disease: a largely ignored global health issue. J. Carcinog., 2010. 31(1):
p. 71-82.

[13] Lattanzio, V. M. T., Solfrizzo, M., & Visconti, A. (2008). Determination of trichothecenes in cereals and cereal-based
products by liquid chromatography—tandem mass spectrometry. Food Additives & Contaminants: Part A, 25(3), 320-330.
https://doi.org/10.1080/02652030701513792.

[14] Aryal, S.; Available from: https://microbenotes.com/.

[15] Rheeder, J.P. and L. Van der Westhuizen, Fusarium and fumonisin in GM maize grown by small-scale farmers in KwaZulu-
Natal, South Africa. S. Afr. J. Sci. , 2024. 120(1-2): p. 1-5.

[16] Rottinghaus GE, Coatney CE, Minor HC. A Rapid, Sensitive Thin Layer Chromatography Procedure for the Detection of
Fumonisin B1 and B2. Journal of Veterinary Diagnostic Investigation. 1992;4(3):326-329. doi:10.1177/104063879200400316
[17] Castell, A., et al., Bioaccumulation of mycotoxins in human forensic liver and animal liver samples using a green sample
treatment. Microchem. J., 2023. 185: p. 108192.

[18] Zhou, J., et al., High-performance liquid chromatographic determination of multi-mycotoxin in cereals and bean foodstuffs
using interference-removal solid-phase extraction combined with optimized dispersive liquid—liquid microextraction. J. Sep.
Sci., 2017. 40(10): p. 2141-2150.

[19] Scott, P., J. Lawrence, and W. Van Walbeek, Detection of mycotoxins by thin-layer chromatography: application to
screening of fungal extracts. Appl. Microbiol., 1970. 20(5): p. 839-842.

[20] Sharma, S., S. Sharma, and R. Singh, FORENSIC ANALYSIS OF FUNGAL EVIDENCE: A SYSTEMATIC
APPROACH. J. Indian Soc. Toxicol., 2018. 14(1): p. 1-5.

[21] Abbas, M. and M. Abbas, Chromatographic techniques for estimation of aflatoxins in food commodities. Aflatoxins-
Occurrence, Detoxification, Determination Health Risks, 2021.

[22] DO, C., Taphonomic mycota: fungi with forensic potential. J Forensic Sci, 2003. 48: p. 1-4.

[23] Gadd, G.M., Interactions of fungi with toxic metals, in The genus Aspergillus: from taxonomy and genetics to industrial
application. 1994, Springer. p. 361-374.

[24] Brutti, A., et al., Inactivation of Anisakis simplex larvae in raw fish using high hydrostatic pressure treatments. Food
Control, 2010. 21(3): p. 331-333.

[25] Shephard, G., Chromatographic separation techniques for determination of mycotoxins in food and feed, in Determining
mycotoxins and mycotoxigenic fungi in food and feed. 2011, Elsevier. p. 71-89.

[26] Sacco, M.A,, et al., The Role of AFB1, OTA, TCNs, and Patulin in Forensic Sciences: Applications in Autopsy, Criminal
Investigations, and Public Health Prevention. 2024. 16(12): p. 514.

[27] M.S.J. Dallas, Reprocible RF values in thin-layer adsorption chromatography, Journal of Chromatography A, Volume 17,
1965, Pages 267-277, ISSN 0021-9673, https://doi.org/10.1016/S0021-9673(00)99868-6

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 87|Page


https://microbenotes.com/
https://doi.org/10.1177/104063879200400316

