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This study examines aflatoxins adsorption by lignin treated with sodium hydrocarbonate. Food safety 
and security issues are of great relevance in the modern world. Food safety is secured only when 
healthy and full-value products are in sufficient quantity and accessible for everyone. Numerous 
organizations worldwide along with researchers work to solve this problem and find ways to ensure 
food safety. Mycotoxins are one of the major challenges for food safety and security, since they 
contaminate products during storage and transportation. Aflatoxins, which belong to the class of 
mycotoxins, are acute carcinogenic, mutagenic and teratogenic toxins. They are the products of 
Aspergillus fungi metabolism, which grow mainly on cereal crops and nut crops. Aflatoxins are also 
found in milk and meat products. Toxins penetrate animal organism from contaminated cereals. This 
study examines aflatoxins adsorption by lignin treated with sodium hydro-carbonate. As an 
adsorbent a lignin treated with sodium hydrocarbonate was used. We have infected pieces of bread 
with Aspergillus parasiticus and Aspergillus flavus microorganisms, which generate different groups 
of toxins. A sample was placed along with lignin treated with sodium hydrocarbonate, and adsorption 
properties were studied. Using thin-layer chromatography, aflatoxins concentration and type have 
been identified in the specimen under investigation and in lignin. The method employed by us, is 
ecologically clean, safe, technologically simple and accessible. We have studied the adsorption 
properties of lignin treated with sodium bicarbonate with the purpose of aflatoxin deactivation. This 
method is in full compliance with food safety requirements. © 2024 Bull. Georg. Natl. Acad. Sci. 
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Food harmlessness and safety is of great relevance 
in the modern world. Food safety is provided only 
when healthy and full-value products are in suffi- 
cient quantity and accessible to everyone. Solution 
of this problem is looked for by many global orga- 
nizations along with scientific teams, which set a 
goal of finding ways of food safety provision [1, 2].  

Mycotoxins, which contaminate products du- 
ring their storage and transportation, are one of the 
main of the problems of food zero harm and safety. 
Aflatoxins, which belong to mycotoxin class are the 
acute carcinogenic, mutagenic and teratogenic 
toxins. These are the products of metabolism 
Aspergillus fungi, which mainly grow on cereal 



116 Nino Karkashadze, Nana Tserodze, Leila Tatiashvili… 

Bull. Georg. Natl. Acad. Sci., vol. 18, no. 2, 2024 

crops and nut trees. Aflatoxin is also detected in 
dairy and meat products. Toxins penetrate animal 
organisms from contaminated cereals [3].  

Fungi appearance in cereal crops and nut trees 
is caused by hot and humid environment, as well as 
by the use of fungicides and pesticides, which 
increases formation of different mycotoxins 100 
times.  

Several groups of aflatoxins: B1, B2, G1, G2 are 
singled out.Among this group of secondary meta- 
bolites, the most common are toxins of B1, T2 

group, which according to International Agency for 
Research on Cancer (IARC) studies conducted in 
1993 are qualified as carcinogens [4].  

Metabolite of aflatoxin B1 is classified as a 
potent carcinogen, that is why its permissible con- 
tent in food products is brought under regulation in 
Europe in America, in particular, it equals to  
0.05 mkg/kg in Europe and 0.5 mkg/kg in America.  

Penetration of mycotoxins in low doses into 
organism leads to the development of chronic afla- 
toxicosis, which is featured by immune system sup- 
pression, DNA damage and oncogenes activation. 
The presence of furan and coumarin groups in the 
main structure of toxin is probably linked with its 
carcinogenesis [5].  

Aflatoxins are stable in the neutral environment. 
It has been established that Aspergillus parasiticus 
and AFT grow well at 33°-38°C, and pH=5. Asper- 
gillus flavus produces the largest amount of afla- 
toxins at temperatures from 24° to 28°C, under con- 
ditions of 80% humidity [6].  

Aflatoxins detoxication is possible via mecha- 
nical, physical and chemical ways. The application 
of different types of adsorbents is an effective 
method for vegetables and cereals protection from 
aflatoxins. This method is accessible and effective 
when properly used.  

Aflatoxin adsorbents are divided into several 
groups: mineral, carbon-containing, polysacchari- 
des and mixed adsorbents.  

Our work sets a goal of product protection from 
aflatoxin formation via adsorption using cheap, 
simple and safe adsorbents.  

The application of lignin treated with NaHCO3 
as adsorbent is safe, technologically simple and 
accessible [7]. 

100 g of sawdust were treated with 4% NaHCO3 
solution. We took 50 g of obtained specimen and 
placed it along with mouldy bread into exicator. We 
made 7-week observation over sawdust mass. 
Every week results of weighing are given in Table, 
Figure.  

 

 
Fig. Diagram of time dependence of sawdust mass 

change. 
 
Based on these data, one may conclude that 

lignin treated with NaHCO3 has adsorption pro- 
perties: considerable increase of mass during the 
first 4 weeks confirms the enhancement of adsor- 
ption properties. After slight decrease registered on 
the fifth week, this parameter remained constant for 
next three weeks [8].  

Toxin concentration has been determined in 
lignin and bread specimen: we took sawdust treated 

Table. The change in sawdust mass within 7 weeks 

 Weeks I II III IV V VI VII 
Lignin mass according 

to weeks  50.9 51.5 52.0 52.52 52.45 52.45 52.45 

percentage content 1.8% 3% 4% 5.04% 4.9% 4.9% 4.9% 
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with 52 g NaHCO3 and placed it into 500 ml flask, 
then added 150 ml acetone and water (85:15), 
shook them up for 45 min and then filtered. 
Obtained filtrate was moved to separating funnel, 
and 100 ml of 4% NaCl solution with 50 ml of 
hexane were added. This mass was divided into 
layers. Lower layer was moved to separating funnel 
with addition of 25 ml of chloroform. Layers were 
divided again and this procedure was repeated three 
times. Then the obtained fraction was filtered by 
Na2SO4. A filtrate was reduced to 5 ml by evapo- 
ration [9]. 

Using thin-layer chromatography we determi- 
ned aflatoxin concentration and type in the resear- 
ched specimen. Using capillary tube we applied 20 
mkl of solution and 5 mkl aflatoxin-containing 
working solution to silufol paper. We placed a plate 
into methanol:acetin (1:99) solution, then took it 
from solution, dried for 5 minutes and developed it 
under ultraviolet light emission. Based on surveyed 
specimen spots spread on thin-layer chromato- 
graphy plate and its color we confirmed that 
aflatoxin B1 run height (Rf) in our surveyed 
specimen coincides with a standard, light emission 

color transforms from dark-blue to yellow that 
evidences aflatoxin presence in the specimen [10].  

Aflatoxin concentration was determined by the 
following formula:  

1

2
,st

st

mV hC
V h M

= ⋅ ⋅  

where: 1V  is 200ml of chloroform extract;  

2V ‒ 20mkl, volume of extract, applied by us to 
silufol; h ‒ Rf, mm; sth ‒ standard Rf, mm; stm ‒ 

aflatoxin mass; M ‒ surveyed specimen mass; 
0.4C m≈ ⋅ mkg/kg. 

Our study was targeted at the improvement of 
storage conditions of agricultural products, in order 
to protect them from further contamination. We 
have studied adsorption properties of lignin treated 
with hydro-carbonate, with the purpose of aflatoxin 
deactivation. Aflatoxin’s concentration and type 
were identified in the specimen and in lignin using 
thin-layer chromatography. 

The method used by us, is ecologically clean, 
safe, technologically simple and accessible, so it 
completely meets the food safety requirements. 
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ბიოტექნოლოგია 

ტექნოგენური ნედლეულის გამოყენებით 
აფლატოქსინების ადსორბცია ნატრიუმის 
ჰიდროკარბონატით დამუშავებული ლიგნინით 

ნ. ქარქაშაძე*, ნ. წეროძე*, ლ. ტატიაშვილი*, რ. ურიდია*, ს. გვიდანი**, 
რ. გახოკიძე§ 
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ფიზიკური და ორგანული ქიმიის ინსტიტუტი, თბილისი, საქართველო 
** ივანე ჯავახიშვილის სახ. თბილისის სახელმწიფო უნივერსიტეტი, ალ. ნათიშვილის სახ. 
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§ აკადემიის წევრი; ივანე ჯავახიშვილის სახ. თბილისის სახელმწიფო უნივერსიტეტი, თბილისი, 
საქართველო 

ნაშრომში წარმოდგენილია აფლატოქსინების ადსორბცია ნატრიუმის ჰიდროკარბონატით 
დამუშავებული ლიგნინით. დღევანდელ მსოფლიოში მეტად აქტუალურია სურსათის 
უვნებლობისა და უსაფრთხოების პრობლემა. სასურსათო უსაფრთხოება მხოლოდ მაშინაა 
დაცული, როდესაც ჯანსაღი და სრულფასოვანი პროდუქტი ყველასათვის საკმარისი და 
ხელმისაწვდომია. ამ პრობლემის გადასაჭრელად მუშაობს მსოფლიოს მრავალი ორგანიზაცია 
მეცნიერთა ჯგუფებთან ერთად, რომელთა მიზანია მოძებნონ გზები სურსათის უსაფრთხო- 
ების უზრუნველსაყოფად. სურსათის უვნებლობისა და უსაფრთხოების ერთ-ერთი ძირითადი  
პრობლემაა მიკოტოქსინები, რომლებიც შენახვისა და ტრანსპორტირების დროს აბინძურებს  
პროდუქტს. აფლატოქსინები, რომლებიც მიკოტოქსინების კლასს მიეკუთვნება, წარმოადგენს  
ძლიერ კანცეროგენულ, მუტაგენურ და ტერატოგენურ ტოქსინებს. ისინი ასპერგილუსის  
სოკოების მეტაბოლიზმის პროდუქტს წარმოადგენს, რომლებიც ძირითადად მარცვლეულ  
კულტურებსა და თხილეულზე იზრდება. აფლატოქსინები ასევე აღმოჩენილია რძესა და  
ხორცპროდუქტებში. ცხოველის ორგანიზმში ტოქსინები დაბინძურებული მარცვლეულიდან  
აღწევს. ჩვენ მიერ მოხდა ნატრიუმის ჰიდროკარბონატით დამუშავებული ლიგნინის გამო- 
ყენება ადსორბენტად. დავასნებოვნეთ პურის ნაჭრები Aspergillus parasiticus და Aspergillus  
flavus მიკროორგანიზმებით, რომლებიც წარმოქმნიან სხვადასხვა ჯგუფის ტოქსინებს. ნიმუში  
მოვათავსეთ ნატრიუმის ჰიდროკარბონატით დამუშავებულ ლიგნინთან და შევისწავლეთ  
ლიგნინის ადსორბციული თვისებები. თხელფენოვანი ქრომატოგრაფიით განისაზღვრა აფლა- 
ტოქსინის კონცენტრაცია და ტიპი საკვლევ ნიმუშსა და ლიგნინში. მეთოდი, რომელიც გამო- 
ვიყენეთ არის ეკოლოგიურად სუფთა, უსაფრთხო, ტექნოლოგიურად მარტივი და ხელ- 
მისაწვდომი. შევისწავლეთ ლიგნინის ადსორბციული თვისებები აფლატოქსინის გასაუვ- 
ნებელყოფად. მეთოდი სრულად აკმაყოფილებს სურსათის უსაფრთხოების პირობებს. 
  



Aflatoxins Adsorption by Lignin Treated with Sodium Hydrocarbonate…  119 

Bull. Georg. Natl. Acad. Sci., vol. 18, no. 2, 2024 

REFERENCES 

1. Mikadze I., Uridia R., Tserodze N., Tatiashvili L., Karkashadze N. (2021) Adsorption of aflatoxins using natural 
adsorbents. International Electronic Scientific and Practical Journal Way Science. Abstracts of the 2nd 
International Scientific Practical Conference: 133-134 (in Polish). 

2. Uridia R., Karkashadze N., Tatiashvili L., Tserodze N., Mikadze I., Tsiskarishvili R. (2021) Research of 
aflatoxins adsorption by technical lignin. World Science 10 (71): 1-4.  

3. Karkashadze N., Uridia R., Tserodze N., Tatiashvili L., Ebralidze K., Dolidze L. (2022) Natural waste use for 
mycotoxins adsorption. Georgian Scientists. 4: 225-231. 

4. Karkashadze N., Tserodze N., Kavtaradze N., Tatiashvili L., Uridia R., Dolidze L., Tserodze Kh. (2023) 
Adsorption of mycotoxins by bicarbonate lignin. 2nd International scientific conference on chemical & 
technological aspects of biopolymers: 48 p. (in Georgian).  

5. Igbal S.Z., Asi M.R., Hanif U., Zuber M., & Jinap S. (2016) The presence of aflatoxins and ochratoxin A in rice 
and rice products and evaluation of dietary intake. Food Chemistry, 210 (1): 135-140. 

6. Yu L., Li, P.W., Zhang Q., Zhang Ding X.X. & Wang X.P. (2013) Graphene oxide: an adsorbent for the 
extraction and quantification of aflatoxins in peanuts by highperformance liquid chromatography. Journal of 
Chromatography A, 1318: 27-34. 

7. Kuznetsov B., Sudakova I., Garintseva N. (2013) Sposob polucheniia ligninovogo sorbenta. Opisanie 
izobreteniia k patentu RU 2471550 (in Russian). 

8.  Mayra Carraro Di Gregorio, Diane Valganon de Neeff, Alessandra Vincenzi Jager, Carlos Humberto Corrasin, 
Agatha Cristina de Picho Carao,Ricardo de Albuquerque, et al. (2014) Mineral adsorbents for prevention of 
mycotoxins in animal feeds. Taxon Rev., 33: 125-135. 

9. Sbornik Tekhnicheskii reglament na moloko i molochnuiu produktsiiu: 72-74 (in Russian). 
10. Kocheva L., Karmanov A., Kanarski A., Kanarskaia Z., Semenov E., Bogdanovich N. (2022) Diatomity i 

ligniny kak adsorbenty mikotoksinov. Khimiia rastitelnogo syria. 2: 73-84 (in Russian).  

Received November, 2023 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


