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Abstract 

Spices can be contaminated with various hazards, among which toxigenic fungi are probably the most important. Indeed, some fungal 

species produce toxic secondary metabolites named mycotoxins as they develop on human food and animal feed. Among the hundreds of 

known mycotoxins, aflatoxins are the major ones for public health because they are the most potent of the known natural carcinogens. 
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Introduction 

Aflatoxins are produced by different fungal species that 

belong to the genus Aspergillus and more specifically to the 

Flavi section. For years, three main aflatoxigenic species 

were commonly considered in the section Flavi: A. flavus, 

A. parasiticus and A. nomius. In the last decade, the use of 

molecular tools enabled the identification of new species 

belonging to the section Flavi, comprising 34 different 

species, of which 17 are aflatoxigenic. These species can be 

distinguished by subtle morphological specificities, 

molecular changes in some gene sequences and, most 

importantly, through their ability to produce different 

mycotoxins. Indeed, some species, including A. flavus, A. 

pseudotamarii and A. togoensis, produce aflatoxins of B 

type, whereas others, including A. parasiticus, A. 

minisclerotigenes, A. mottae, A. nomius, A. novoparasiticus, 

A. arachidicola and A. korhogoensis produce both B and G 

type aflatoxins. Some species may also produce other toxic 

secondary metabolites such as cyclopiazonic acid. 

Many spice crops and their products are susceptible to 

fungal attack either in the field or during storage. Some of 

these fungal species can produce as secondary metabolites a 

diverse group of chemical substances known as mycotoxins. 

The three important genera associated with mycotoxin 

production are: Aspergillus, Penicillium and Fusarium. 

Mycotoxins have been reported to be carcinogenic, 

teratogenic, tremorogenic, haemorrhagic, and dermatitic to a 

wide range of organisms and to cause hepatic carcinoma in 

man. When these contaminated spices are used in food, it 

will harm the health of the consumers. Mycotoxins are the 

secondary metabolites of fungi, which are toxic and cause 

diseases and organ disorder in animals as well as in humans. 

Aflatoxins are toxic, mutagenic, carcinogenic and 

immunosuppressive agents and are produced by Aspergillus 

flavus and A. parasiticus on a variety of food products. 

Among 18 different types of aflatoxins, aflatoxin B1, B2, 

G1 and G2 are major mycotoxins present in food and food 

products in which Aflatoxin B1 (AFB1) is predominant. 

Ochratoxin A is anticipated to be a potent nephrotoxin 

causing kidney damage  

 

Materials and Methods 

Sample collection: The present study was undertaken to 

isolate and identify the fungi contaminating the various 

spices, being sold in Central Indian city of Jabalpur, both in 

loose as well as packed conditions. In order to study the 

status of fungal contaminations in various spices, major 

spices used in Indian culinary were chosen. Ground spice 

samples were procured from the local market, including 

supermarkets and warehouses. The major spices chosen 

were red chilli powder, coriander powder, cinnamon 

powder, turmeric powder, black pepper powder and curry 

powder (Garam masala). 

 

Isolation of fungi associated with spice samples  

Fungi associated with spices were isolated by direct plating 
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technique. The dilutions of the samples were first prepared 

in sterile water. Dilutions of 10-1 and 10-2were prepared and 

1 ml of both the dilutions was inoculated onto potato 

dextrose agar (PDA) medium containing 0.25% 

chloramphenicol as antibacterial agent.  

 

Identification of fungi 

The fungi were identified according to their macro- and 

microscopic features. Cultures were examined periodically 

and identified during the sporulation phase. The cultures 

were divided into groups based on their morphological 

characteristics including growth pattern, colony texture, 

pigmentation, and growth rate of the colonies on PDA 

(Promputtha et al., 2005) [4]. When fungal colonies 

sporulated on PDA, small plaques from the edge and the 

centre of each growing colony were transferred onto glass 

slides, and then were examined using a compound light 

microscope (Labomed, India) for characteristics of their 

vegetative and reproductive structures such as hyphal colour 

and structures, shape and size of conidia and conidiophores. 

The cultures were stained with lactophenol cotton blue.  

 

Analysis of Mycotoxins 

The fungi, isolated from spice samples were screened for 

their ability to produce mycotoxins, mainly aflatoxins. For 

this, the isolated fungi were mass cultivated in potato 

dextrose broth for 7 days, with continuous agitation at low 

speed. After 7 days, the cultures were filtered, and the cell 

free filtrate of the cultures was collected in a Cryo bottles 

and kept at -20 °C till further use. 

 

Aflatoxin Standards 

The certified reference material for aflatoxins, containing 

AFB1, AFB2, AFG1 and AFG2 was obtained from Sigma 

Aldrich, USA. All reagents for the mobile phase used were 

HPLC grade from Merck-Millipore Ltd. (Germany). The 

solid-phase extraction (SPE) used a LiChrolut C-18 

Cartridge from Merck-Millipore, Germany (6 ml volume).  

Aflatoxin certified reference material was diluted to 10 mL 

usingacetonitrile to make a stock solution that was serially 

diluted into 1 ppm working solutions. 

 

Sample preparation 

For sample analysis, the sample prepared for TLC, as shown 

above was used. The sample was further processed using an 

immuno- affinity clean up column (Aflatest, Sigma, USA). 

The column was loaded with the samples and washed with 

the distilled water twice. The aflatoxins were eluted using 1 

ml of methanol, and diluted with 1 ml of distilled water. The 

sample was filtered using a 0.22 µm syringe filter (Thermo 

Fisher, USA), and placed in HPLC sample vials for 

injection. The samples were injected using an automated 

program to the system. A fraction of 10 µL was injected for 

each run. 

 

HPLC run 

The mobile phase consisted of 63:26:11 H2O: Methanol: 

Acetonitrile, adjusted to pH 6.8 with glacial acetic acid, and 

was filtered through a 0.45 μm membrane filter (Whatman, 

USA) under vacuum. 

 

 

Results 

The isolated fungi were identified using macroscopic and 

microscopic characters based on the available literature and 

taxonomic keys. In all, 13 fungal strains could be isolated. 

Fig 1 shows the macroscopic characters of fungal colonies 

appearing on to the PDA plate. The front and back view of 

the fungal colonies is shown. Microscopic characters of 

isolated fungi are Among the isolated fungi were: 

Aspergillus flavus, Fusarium sp., Fusarium oxysporum, 

Penicillium sp., Mucor racemosus, Aspergillus niger, 

Aspergillus terreus, Rhizopus sp., Alternaria sp., Aspergillus 

parasiticus, Aspergillus fumigatus, Cladosporium sp. and 

Curvularia sp.When the dual culture experiments were 

conducted with Aspergillus parasiticus as target fungus, 

similar results were observed with different test fungi.That 

while the test fungus alone achieved radial mycelia growth 

of 86 mm in 7 days, it was reduced up to 72% with test 

fungi. All the test fungi were able to inhibit the growth of A. 

parasiticus almost up to the same level and the radial 

mycelia growth was reduced up to 24-27 mm after 7 days of 

the in vitro growth. The reduction in mycelia growth can 

well be observed as with Mucor racemosus, with A. niger, 

with A. terreus, with Rhizopus oryzae, with Alternaria 

alternatawith Cladosporium herbarum, with Curvularia 

lunata, with Penicillium chrysogenum and Fusarium 

equiseti. 

 

 
 

Fig 1: Antagonistic activity of A. flavus againgt Mucor racemosus 

 

 
 

Fig 2: Antagonistic activity of A. flavus against Cladosporium 

herbarum. 
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Table 1: Incidences of fungal infestations in different Indian spices due to Aspergillus genus with emphasis on Aspergillus section Flavi 

members from the spice samples collected from Central India 
 

S. 

No. 
Type of spice 

No. of samples 

collected 

Number of samples 

with fungal infestation 

Samples having presence 

of Aspergillus species 

Presence of member of Aspergillus section Flavi 

A. flavus A. parasiticus 

1. Bay Leaves 7 7 4 1 0 

2. Black cumin 4 4 4 1 0 

3. Black pepper 4 4 2 0 0 

4. Cinnamon 10 10 10 4 1 

5. Clove 10 9 6 3 0 

6. Coriander 19 18 31 11 4 

7. Cumin seeds 5 5 4 1 0 

8. Fenugreek 4 3 4 0 0 

9. Curry Powder 11 11 6 2 0 

10. Red Chilli 15 12 16 5 0 

11. Turmeric 12 10 13 3 1 

 Total 101 93 100 31 6 

 

 
 

Fig 3: Standard aflatoxin mixture chromatographed on to Thin 

layer chromatographic plate showing the bands of four aflatoxins. 

 

 
 

Fig 4: Thin Layer Chromatography of samples of Garam masala 

sample 8 (01.06.22). The fluorescence under the UV light shows 

the presence of aflatoxins, which were then correlated to the 

standard aflatoxin mixture for identification. 

 
 

 
 

Fig 5: HPLC chromatogram of aflatoxin standards showing 

retention times of four aflatoxins. 

 

 
 

 
 

Fig 6: HPLC chromatogram of extracted coriander sample 
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Fig 7: HPLC chromatogram of extracted bay leaves sample 

 

Conclusion 

Although there are more than 300 mycotoxins discovered so 

far, only few are known to infest food commodities. Spices 

are reported to have only aflatoxin contaminations, and 

hence FSSAI has set up the limit of 30 ppm for spices 

(www.fssai.gov.in). Although this limit is almost twice as 

the limit of European Union, it is important to note that 

most of the spices are cultivated in tropical conditions, 

including India, where knowledge about toxin 

contamination and technological advantage for storage and 

transport is negligible. Hence, these crops are more prone to 

fungal infestations, and in turn, aflatoxin contaminations.  

 

Our study concluded that 

1. Almost 95% of total spice samples were infested with 

fungi, and in most cases with more than 2 fungal 

species 

2. About 20% of spice samples of Jabalpur area are 

contaminated with toxigenic fungi 

3. AFB1 is the most dominant aflatoxin found in spices 

followed by AFB2.  

4. Coriander was the most infected spice in Jabalpur. 

5. Aspergillus flavus and A. parasiticus were the two 

toxigenic strains isolated from the spices. 

6. Fungi isolated from spice samples, but not found to 

produce aflatoxins, suitably reduced the growth of A. 

flavus and A. parasiticus under in vitro conditions. The 

radial mycelial growth was reduced in a magnitude of 

70%. 

 

References 

1. Aydın A, Günşen U, Demirel S. Total aflatoxin, 

aflatoxin B (1) and ochratoxin a levels in Turkish wheat 

flour. Journal of Food and Drug Analysis. 

2008;16(2):48-53. 

2. Adeyeye AO. Aflatoxigenic fungi and mycotoxins in 

food: a review. Crit Rev Food Sci Nutr. 

2020;60(5):709-721. 

3. Aziz NH, Youssef YA, El-Fouly MZ, Moussa LA. 

Contamination of some common medicinal plant 

samples and spices by fungi and their mycotoxins. Bot 

Bull Acad Sin. 1998, 39. 

4. Azziz-Baumgartner E, Lindblade K, Gieseker K, 

Rogers HS, Kieszak S, Njapau H, et al. Case–control 

study of an acute aflatoxicosis outbreak, Kenya, 2004. 

Environ Health Perspect. 2005;113(12):1779-1783. 

5. Azzoune N, Mokrane S, Riba A, Bouras N, Verheecke 

C, Sabaou N, Mathieu F. Contamination of common 

spices by aflatoxigenic fungi and aflatoxin B1 in 

Algeria. Qual Assur Saf Crops Foods. 2016;8(1):137-

144. 

6. Bankole SA, Adenusi AA, Lawal OS, Adesanya OO. 

Occurrence of aflatoxin B1 in food products derivable 

from ‘egusi’ melon seeds consumed in southwestern 

Nigeria. Food Control. 2010;21(7):974-976. 

7. Bbosa GS, Kitya D, Lubega A, Ogwal-Okeng J, 

Anokbonggo WW, Kyegombe DB. Review of the 

biological and health effects of aflatoxins on body 

organs and body systems. Aflatoxins-Recent Advances 

and Future Prospects. 2013;12:239-265. 

8. Bhat R, Reddy KNR. Challenges and issues concerning 

mycotoxins contamination in oil seeds and their edible 

oils: Updates from last decade. Food Chem. 

2017;215:425-437. 

9. Bhatt RV, Krishnamachari KAVR. Food toxins and 

disease outbreaks in India. Arogya J Health Sci. 

1978;4:92–100. 

10. Bodde T. Entomologists probe chemical defenses and 

natural enemies [USA]. Bio Science Am Inst Biol Sci. 

1982. 

11. Bonel L, Vidal JC, Duato P, Castillo JR. An 

electrochemical competitive biosensor for ochratoxin A 

based on a DNA biotinylated aptamer. Biosens 

Bioelectron. 2011;26(7):3254-3259. 

12. Boutrif E. Prevention of aflatoxin in pistachios. Food 

Nutr Agric. 1998:32-37. 

13. Bugno A, Almodovar AAB, Pereira TC, Pinto TDJA, 

Sabino M. Occurrence of toxigenic fungi in herbal 

drugs. Braz J Microbiol. 2006;37(1):47-51. 

14. Campbell GD. Mycotoxicosis-Humankind's Greatest 

Affliction?. Nutr Health. 1996;10(4):323-329. 

15. Cary JW, Ehrlich KC. Aflatoxigenicity in Aspergillus: 

molecular genetics, phylogenetic relationships and 

evolutionary implications. Mycopathologia. 

2006;162(3):167. 

16. Castegnaro M, McGregor D. Carcinogenic risk 

assessment of mycotoxins. Revue de Medecine 

Veterinaire. 1998. 

17. Centers for Disease Control and Prevention (CDC). 

Outbreak of aflatoxin poisoning--eastern and central 

provinces, Kenya, January-July 2004. MMWR Morb 

Mortal Wkly Rep. 2004;53(34):790. 

18. Chambergo FS, Valencia EY. Fungal biodiversity to 

biotechnology. Appl Microbiol Biotechnol. 

2016;100(6):2567-2577. 

19. Chang PK. The Aspergillus parasiticus protein AFLJ 

interacts with the aflatoxin pathway-specific regulator 

AFLR. Mol Gen Genomics. 2003;268(6):711-719. 

20. Chang PK, Horn BW, Dorner JW. Clustered genes 

involved in cyclopiazonic acid production are next to 

the aflatoxin biosynthesis gene cluster in Aspergillus 

flavus. Fungal Genet Biol. 2009;46(2):176-182. 

21. Chang PK, Yu J, Yu JH. aflT, a MFS transporter-

https://researchtrendsjournal.com/
https://researchtrendsjournal.com/


International Journal of Trends in Emerging Research and Development https://researchtrendsjournal.com 

 

5 https://researchtrendsjournal.com 

encoding gene located in the aflatoxin gene cluster, 

does not have a significant role in aflatoxin secretion. 

Fungal Genet Biol. 2004;41(10):911-920. 

22. Chuaysrinule C, Maneeboon T, Roopkham C, 

Mahakarnchanakul W. Occurrence of aflatoxin-and 

ochratoxin A-producing Aspergillus species in Thai 

dried chilli. J Agric Food Res. 2020;2:100054. 

23. Coady A. The possibility of factors of plant 

(particularly fungal) origin in Ethiopian liver disease. 

Ethiop Med J. 1965;3:173-185. 

24. Codex Alimentarius Commission. Code of hygienic 

practice for spices and dried aromatic herbs. Int Food 

Stand. 2014;16. 

25. Codex Alimentarius. Code for Practice for the 

Prevention and Reduction of Mycotoxins in Spices. Int 

Food Stand WHO, FAO. 2017. 

26. Commission of the European Communities. Scientific 

Committee for Food. Reports of the Scientific 

Committee for Food (No. 1-10). Office for official 

publications of the European Communities. 1975. 

27. Cornea CP, Ciuca M, Voaides C, Gagiu V, Pop A. 

Incidence of fungal contamination in a Romanian 

bakery: a molecular approach. Rom Biotechnol Lett. 

2011;16(1):5863-5871. 

28. Cotty PJ, Jaime-Garcia R. Influences of climate on 

aflatoxin producing fungi and aflatoxin contamination. 

Int J Food Microbiol. 2007;119(1-2):109-115. 

29. Cotty PJ, Mellon JE. Ecology of aflatoxin producing 

fungi and biocontrol of aflatoxin contamination. 

Mycotoxin Res. 2006;22(2):110-117. 

30. Coulombe Jr RA. Biological action of mycotoxins. J 

Dairy Sci. 1993;76(3):880-891. 

31. Cusato S, Gameiro AH, Corassin CH, Sant'Ana AS, 

Cruz AG, Faria JD, de Oliveira CAF. Food safety 

systems in a small dairy factory: Implementation, major 

challenges, and assessment of systems' performances. 

Foodborne Pathog Dis. 2013;10(1):6-12. 

32. D’Mello JPF, Macdonald AMC, Bonte L. The effects 

of difenoconazole on 3-acetyl deoxynivalenol synthesis 

by Fusarium culmorum: implications for cereal quality. 

In: Crop Protection & Food Quality: Meeting Customer 

Needs. 1997;463-466. 

33. Daoud AS, Qasim NA, Al-Mallah NM. Comparison 

study on the effect of some plant extracts and pesticides 

on some phytopathogenic fungi. Mesopotamia J Agric. 

1990;22(4):227-235. 

34. Darwish WS, Ikenaka Y, Nakayama SM, Ishizuka M. 

An overview on mycotoxin contamination of foods in 

Africa. J Vet Med Sci. 2014;76(6):789-797. 

35. De Ruyck K, De Boevre M, Huybrechts I, De Saeger S. 

Dietary mycotoxins, co-exposure, and carcinogenesis in 

humans: Short review. Mutat Res/Rev Mutat Res. 

2015;766:32-41. 

36. Diaz-Llano G, Smith TK. Effects of feeding grains 

naturally contaminated with Fusarium mycotoxins with 

and without a polymeric glucomannan mycotoxin 

adsorbent on reproductive performance and serum 

chemistry of pregnant gilts. J Anim Sci. 

2006;84(9):2361-2366. 

37. Kabak B, Dobson AD. Mycotoxins in spices and herbs–

An update. Crit Rev Food Sci Nutr. 2017;57(1):18-34. 

38. Kabak B, Dobson AD, Var IIL. Strategies to prevent 

mycotoxin contamination of food and animal feed: a 

review. Crit Rev Food Sci Nutr. 2006;46(8):593-619. 

39. Kader AA, Hussein AM. Harvesting and postharvest 

handling of dates. ICARDA, Aleppo, Syria. 2009;4:15. 

40. Karwehl S, Stadler M. Exploitation of fungal 

biodiversity for discovery of novel antibiotics. In: How 

to Overcome the Antibiotic Crisis. 2016;303-338. 

Springer, Cham. 

41. Leger RJS, Screen SE, Shams-Pirzadeh B. Lack of Host 

Specialization in Aspergillus flavus. Appl Environ 

Microbiol. 2000;66(1):320-324. 

42. Levin RE. PCR detection of aflatoxin producing fungi 

and its limitations. Int J Food Microbiol. 

2012;156(1):1-6. 

 

Creative Commons (CC) License 

This article is an open access article distributed under 

the terms and conditions of the Creative Commons 

Attribution (CC BY 4.0) license. This license permits 

unrestricted use, distribution, and reproduction in any 

medium, provided the original author and source are 

credited. 

 

 

 

 

https://researchtrendsjournal.com/
https://researchtrendsjournal.com/

