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Editorial on the Research Topic

Fungal toxic secondary metabolites in foods and feeds: recent sustain-
able analytical techniques and innovative preventative and remediation
strategies for their formation and toxicity
The Sustainable Development Goal to “End hunger, achieve food security and improved

nutrition and promote sustainable agriculture” (SDG2) continues to be threatened by many

factors, such as population increase, rising inflation, currency depreciation, disruptions in the

supply chain and climate change, which have impacts on agricultural sustainability (TheWorld

Bank, 2023). Among these factors, it is also essential to recognize the role food safety plays in

delaying efforts to meet SDG2 as reflected by increasing food commodity losses from

contamination and increasing rate of outbreaks of foodborne diseases in many countries,

especially in developing countries. The World Health Organization (WHO), for example,

reports that an estimated 600 million people fall ill after eating contaminated food and 420,000

die every year, resulting in the loss of 33 million healthy life years (WHO, 2015). To reduce this

burden of foodborne illnesses, multidisciplinary, urgent, and concerted efforts must be directed

toward food safety.

Among food safety threats are mycotoxins, which are secondary metabolites produced

by toxigenic fungi such as Aspergillus, Penicillium, and Fusarium species (Mogopodi et al.,

2022). These species produce a variety of mycotoxins that have been the subject of much

research, such as aflatoxins, fumonisin, patulin, ochratoxin A (OTA), deoxynivalenol
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(DON), trichothecenes: T-2 toxin, tremorgenic toxins, ergot

alkaloids, and zearalenone (ZON) (Martıńez-Culebras et al., 2021;

Nji et al., 2022a; Fashola et al., 2023) due to their detrimental effects

on human and animal health even at deficient concentrations and

their economic impact. Mycotoxins are highly toxic even at very low

concentrations and continue to be a major food safety problem,

especially in developing countries where regulatory limits do not

exist or are not adequately enforced.

The broad impacts of these toxins require integrated solutions

and strategies across disciplines focusing on sensitive and selective

cost-effective methods for sampling, analysis, and detection as well as

innovative preventative, control, and remediation strategies. This is to

ensure consumer safety and compliance with regulatory standards

and focus on developing models that predict environmental factors

that trigger the production of mycotoxins. This Research Topic

focuses on three key areas: (i) occurrence and biological control of

mycotoxins for the reduction of their impact on crops, (ii)

environmental impact on mycotoxins, and (iii) method

development and validation for the analysis of mycotoxins essential

for the effective regulation and control of contaminants.
Contamination of agriculture crops
with mycotoxins and their control

Mycotoxins can contaminate various grain and oil crops,

including maize, wheat, rice, rapeseed, soybeans, sorghum, and

peanuts. Although publications indicate that 25% of crops

worldwide are mycotoxin-contaminated, dating as far back as 1988,

a recent study by Eskola et al. (2020) pointed out that this is likely an

underestimate, with 60%–80% of crops likely mycotoxin-

contaminated to some degree and 20% or more exceeding

permissible food safety levels. The authors reached these

estimations of mycotoxin occurrences by reviewing the literature

and data of approximately 500,000 analyses from the European

Food Safety Authority and a large global survey for various

mycotoxins in cereals and nuts using different thresholds (Eskola

et al., 2020). These staggering percentages are worrisome as crop

contamination with mycotoxins cuts across the value chain, affecting

farmers, traders, markets, and consumers (Smith et al., 2016). The

proliferation of mycotoxins threatens global food stocks that would

otherwise play a critical role in maintaining food security. It is

important to come up with sustainable and green strategies to

control the occurrence of various fungi and their metabolites in

crops. Omotayo and Babalola reviewed the use of environmentally

safe rhizosphere-associated biocontrol agents such as Bacillus spp.,

Pseudomonas, Enterobacter, and Microbacterium oleivorans to

prevent and control Fusarium verticillioides—a toxicogenic fungus

that produces fumonisin. They also discussed the mechanism of

these microorganisms such as Bacillus amyloliquefaciens and

Bacillus subtilis in reducing the level of occurrence of this fungus

in the maize rhizosphere, and hence, promote crop yield.
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Environmental factors affecting
mycotoxin production

Environmental conditions such as high temperature and

humidity favor the growth of fungal spores, resulting in the

production of mycotoxins, which are aggravated by climate change

(Zingales et al., 2022; Nji et al., 2022b). These environmental impacts

are also corroborated by the numerous outbreaks of acute aflatoxin

exposure that have been documented in warm tropical regions,

including a sizable portion of Sub-Sahara as well as Kenya and

Tanzania where human fatality from aflatoxicosis has been reported

(Probst et al., 2007; Kimanya et al., 2021). At elevated temperatures,

an overall increase in mycotoxigenic fungal species like Aspergillus

species has been observed (Nji et al., 2022c). The study of Ching’anda

et al. demonstrated that aflatoxin-producing fungi species with

differing in sclerotial morphology, specifically the L-type and S-

type species of Aspergillus section Flavi, were affected differently by

aflatoxins, with S-type species being highly competitive during host

colonization compared to L-type species. Further, the total

aflatoxins produced by these species increased at higher

temperatures, with warmer temperatures favoring the growth of

S-type species.
Analytical method development
and validation

The challenge of mycotoxin contamination has led to continued

research growth on novel and systematic analytical techniques.

Analytical method development and validation are crucial

prerequisites for achieving reliable analytical data required to

support mycotoxin research. These methods must be simple,

effective, sensitive, and applicable to various food matrices and

possibly be optimized for the analysis of multiple mycotoxins to

cater to the co-occurrence of various mycotoxins. Accordingly,

Mbisana et al. developed and validated a quick, easy to use,

affordable, effective, robust, and safe liquid chromatography-

tandem mass spectrometry (QuEChERS-LC-MS/MS) and

sensitive mycotoxin analysis method encompassing the total

workflow from sample preparation to quantitative analysis for the

simultaneous identification and quantification of 10 mycotoxins.

Within this work, the following performance characteristics of

maize and sorghum were evaluated: selectivity, sensitivity,

precision, and matrix effect. This method satisfied the

requirements of the Commission Implementing Regulation (EU)

2021/808, Commission Regulation (EC) No. 1881/2006, and

Regulation (EC) no. 401/2006.

It is not only critical to develop strategies for the analysis of

mycotoxins but also to develop remediation strategies with the aim

of promoting food safety. Thus, the redevelopment of green and

stable adsorption materials that can remove mycotoxin is an
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interesting area of research. Additionally, techniques such as

nanotechnology can be explored to develop such materials. It is

also essential to develop affordable, non-instrumental low-cost, and

convenient methods for mycotoxin analysis suitable for routine on-

site screening with ease of use even for untrained personnel, which

can also be for use by farmers.
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Martıńez-Culebras, P. V., Gandıá, M., Boronat, A., Marcos, J. F., and Manzanares, P.
(2021). Differential susceptibility of mycotoxin-producing fungi to distinct antifungal
proteins (AFPs). Food Microbiol. 97, 103760. doi: 10.1016/J.FM.2021.103760

Mogopodi, D., Mbisana, M., Raditloko, S., Chibua, I., and Paphane, B. (2022). oward
safe food systems: analyses of mycotoxin contaminants in food and preventive strategies
thereof for their formation and toxicity. Food Syst. Resilience. doi: 10.5772/
intechopen.101461

Nji, Q. N., Babalola, O. O., Ekwomadu, T. I., Nleya, N., and Mwanza, M. (2022a). Six
main contributing factors to high levels of mycotoxin contamination in African foods.
Toxins 14, 318. doi: 10.3390/toxins14050318
Nji, Q. N., Babalola, O. O., and Mwanza, M. (2022b). Aflatoxins in maize: can their
occurrence be effectively managed in Africa in the face of climate change and food
insecurity? Toxins 14, 574. doi: 10.3390/toxins14080574

Nji, Q. N., Babalola, O. O., Nleya, N., and Mwanza, M. (2022c). Underreported human
exposure to mycotoxins: the case of South Africa. Foods 11, 2714. doi: 10.3390/foods11172714

Probst, C., Njapau, H., and Cotty, P. J. (2007). Outbreak of an acute aflatoxicosis in
Kenya in 2004: Identification of the causal agent. Appl. Environ. Microbiol. 73, 2762.
doi: 10.1128/AEM.02370-06

Smith, M.-C., Madec, S., Coton, E., and Hymery, N. (2016). Natural co-occurrence of
mycotoxins in foods and feeds and their in vitro combined toxicological effects. Toxins
8, 94. doi: 10.3390/toxins8040094

TheWorld Bank (2023). Available online at: https://www.worldbank.org/en/news/feature/
2023/01/05/recognizing-and-tackling-a-global-food-crisis (Accessed 28 March 2024).

WHO Foodborne Disease Burden Epidemiology Reference Group (2015). WHO
Estimates of the global burden of foodborne diseases., (2007-2015) (Geneva: World
Health Organization). Available at: https://apps.who.int/iris/bitstream/handle/10665/
199350/9789241565165_eng.pdf?sequence=1.

Zingales, V., Taroncher, M., Martino, P. A., Ruiz, M. J., and Caloni, F. (2022).
Climate change and effects on molds and mycotoxins. Toxins (Basel) 14, 445.
doi: 10.3390/toxins14070445
frontiersin.org

https://doi.org/10.1080/10408398.2019.1658570
https://doi.org/10.1080/10408398.2019.1658570
https://doi.org/10.1016/B978-0-323-96122-6.00007-4
https://doi.org/10.1016/B978-0-323-96122-6.00007-4
https://doi.org/10.1371/JOURNAL.PONE.0247281
https://doi.org/10.1016/J.FM.2021.103760
https://doi.org/10.5772/intechopen.101461
https://doi.org/10.5772/intechopen.101461
https://doi.org/10.3390/toxins14050318
https://doi.org/10.3390/toxins14080574
https://doi.org/10.3390/foods11172714
https://doi.org/10.1128/AEM.02370-06
https://doi.org/10.3390/toxins8040094
https://www.worldbank.org/en/news/feature/2023/01/05/recognizing-and-tackling-a-global-food-crisis
https://www.worldbank.org/en/news/feature/2023/01/05/recognizing-and-tackling-a-global-food-crisis
https://apps.who.int/iris/bitstream/handle/10665/199350/9789241565165_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/199350/9789241565165_eng.pdf?sequence=1
https://doi.org/10.3390/toxins14070445
https://doi.org/10.3389/ffunb.2024.1442327
https://www.frontiersin.org/journals/fungal-biology
https://www.frontiersin.org

	Editorial: Fungal toxic secondary metabolites in foods and feeds: recent sustainable analytical techniques and innovative preventative and remediation strategies for their formation and toxicity
	Contamination of agriculture crops with mycotoxins and their control
	Environmental factors affecting mycotoxin production
	Analytical method development and validation
	Author contributions
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


