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Chickpea (Cicer arietinum) is one of the most cultivated pulsesin
terms of world production being India the largest producer.
There is a high demand of this legume due to its nutritional value.
Although is more popular in developing countries, it is becoming
recognized throughout the world. Chickpea is often attacked by
fungi during pre and post-harvest stages, significantly affecting
its productivity, also some species can be potential mycotoxin
producers that can lead to serious threats to human health.
Since there is an increasing demand for high quality and
innocuous foods, limits for mycotoxin contamination have been
established. This review provides information about the
occurrence of mycotoxigenic fungi and mycotoxins on chickpea
seeds and/or based-products around the world. Some data
about strategies to reduce the problem are also included.
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Introduction

The chickpea (Cicer arietinum) also known as garbanzo is a
legume of the family Fabaceae, subfamily Faboideae. It
was one of the first grain legumes domesticated in the Old

World, 7500-year-old remains have been found in the
Middle East [1].

Globally, it is one of the most cultivated pulses in terms of
world production with a total production of 14.2 million
tonnes and an average yield of 0.96 tonnes ha™' [2].

Currently, India represents the largest producer of chick-
peas accounting for around 70% of the global production.
India is followed by Australia, Pakistan, Myanmar, Ethio-
pia, Turkey, Iran, Mexico, Canada and Russia. Among the
top exporting countries, Australia represents the biggest
exporter of chickpeas accounting for more than one-third
of the total global export volumes. Australia is followed by
Russia, India, Mexico, Canada, the United States, Ethio-
pia, Argentina, Tanzania and Iran. At present, India repre-
sents the biggest importer of chickpeas accounting for
around one-fifth of the total global import volumes. India
is followed by Bangladesh, Egypt, the United States,
Algeria, Pakistan, Spain, United Kingdom and Turkey [3].

At present there is a high demand for world production,
exports and imports of chickpeas due to the crop’s nutri-
tional value low in fat and sodium, cholesterol free and
being an excellent source of both soluble and insoluble
fibre, complex carbohydrates, vitamins, folate, and miner-
als, especially calcium, phosphorous, iron, and magne-
sium [4-6]. Also, chickpea-based food consumption is
supported by trends towards more healthful and varied
snacking, as well as growing demand for gluten-free
products. Chickpea-based food consumption is more
popular in developing countries, but is increasingly
becoming recognized as an excellent part of a healthy
diet throughout the world [7]. Chickpeas are either con-
sumed fresh or processed into different products. There
are a variety of traditional chickpea preparation and
processing methods that include soaking, decortication,
grinding, sprouting, fermentation, boiling, mashing, roast-
ing, parching, frying, and steaming treatments [8].

Chickpea is usually cultivated in regions where climate
variability, drought and limited use of fertilizers signifi-
cantly reduce productivity. However, being a leguminous
crop, it exhibits the important characteristic of fixing
atmospheric nitrogen (N) through its symbiosis with
rhizobia, enabling cultivation in many N poor soils with
acceptable yields [7].

Chickpea is often attacked by fungi during both pre and
post-harvest (during transport and/or in storage), signifi-
cantly affecting its productivity. Seeds and infected har-
vest debris are the main sources of primary infections, and
the level of seed damage depends on environmental
conditions such as high relative humidity, dew, and
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Main fungal genera and mycotoxins present in chickpeas. (This figure summarizes the main concepts discussed.)

temperatures above 25 °C. The fungal species that infect
chickpeas can be potential mycotoxin producers (Fig-
ure 1). The main species mycotoxin producers are
included in the genera Aspergillus, Penicillium, Fusarium
and A/ternaria. Mycotoxins can be acutely or chronically
toxic, or both, depending on the kind of toxin, the dose,
the health, the age and nutritional status of the exposed
individual or animal, and the possible synergistic effects
between mycotoxins [9,10].

Nowadays, there is an increasing world consumer demand
for high quality and innocuous foods with the lowest
possible level of contaminants such as mycotoxins. As a
result, the food industry in the developed world demands
raw ingredients of the best quality and that conform to
statutory limits for mycotoxins. Because the mycotoxins
are unavoidable, it is relevant the trazability of mycotox-
ins through the food and feed chains. This paper will
review on mycotoxigenic fungi, mycotoxins, and efficacy
of botanicals and physical decontamination strategies for
mitigating risks associated with exposure to mycotoxin-
contaminated chickpeas.

Fungal occurrence in chickpea and by
products

Although it is known that chickpea is susceptible to more
than 25 very well documented fungal pathogens, Asco-
chyta blight caused by Ascochyta rabiei [Pass.] Labrousse is

among the most serious diseases affecting this crop
worldwide. This disease causes severe damage affecting
all the aerial parts of the plant causing necrosis, tissue
collapse, and also affects the quantity and quality of grains
and seeds with losses that can reach 100% when condi-
tions that favour this pathology are presented [11]. But
some fungi considered weak parasites are also important
contaminants, due to the nutritional richness of the
chickpea seed and the texture of the seed coat that can
cause deterioration of the seed during storage. The most
prevalent fungi in chickpeas worldwide are species
belonging to Aspergillus, Fusarium, Penicillium, Alternaria
spp., and R/iizopus, among others (see Table 1). These
fungal genera are present in the field and, in addition their
presence is favoured by the mechanical damage produced
during harvest, inadequate transport, problems during
processing, and so on. Because contaminated seeds can
often result in poor germination and poor seedling vigour,
resulting in an un-healthy crop there are many reports in
the literature about fungal occurrence in chickpea seeds.
Most of the studies have been done in the major chickpea
producing and consuming countries such as India,
Pakistan, and Turkey. Also, most of the surveys have
been focus on chickpea seeds rather than in processed
chickpea such as chickpea flour (Table 1).

An interesting study about the effect of storage on chick-
peas was done by Ahmad and Singh [12]. The changes in
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Table 1

Fungal contamination in chickpeas and by products.

Country Type of sample Isolated fungi® Reference
Argentina Chickpea seeds Ascochyta rabiei, Fusarium oxysporum, Alternaria spp., Colletotrichum [24]
sp., Macrophomina phaseolina, Rhizoctonia sp., A. niger, Aspergillus
spp., Penicillium spp., Rhizopus sp., Nigrospora sp. and Yeasts.
Bangladesh Stored chickpea seeds Alternaria alternata, A. flavus, A. niger, A. fumigatus, A. nidulans, [25]
Curvularia lunata, Penicillium spp., Rhizopus spp.
India Harvested chickpea seeds Alternaria spp., Fusarium spp., Cladosporium sp., Curvularia spp., Mucor [12]
spp., Penicillium spp., A. flavus.
Stored chickpea seeds in jute bags Penicillium spp., A. flavus, A. niger, A. nidulans, A. ochraceus, Fusarium
spp., A. terreus, Rhizopus nigricans, Alternaria spp.
Stored chickpea seeds in metal bins Penicillium spp., A. flavus, Fusarium spp., Rhizopus nigricans.
Chickpea seeds A. niger, Rhizopus spp., F. oxysporum, A. alternata, A. flavus, Penicillium [26]
spp., Chaetomium spp., A. fumigatus.
Chickpea seeds A. alternata, A. flavus, A. niger, A. fumigatus, C. lunata, Fusarium [27]
verticillioides.
Chickpea seeds F. oxysporum, Rhyzopus stolonifer, Phoma herbarum and A. flavus. [28]
Farmer stored chickpea seeds A. flavus, A. niger, A. ochraceous, A. terreus, A. fumigatus, A. nidulans, F. [29]
oxysporum, A. sydowi, Cladosporium macrocarpum, F. semitectum
10 varieties of chickpeas seeds A. niger, A. flavus, F. oxysporum, Rhyzopus sp. [30]
Farmer stored chickpea seeds Aspergillus spp., Alternaria spp., Fusarium spp. and Penicillium spp. [31]
Libia Chickpea A. flavus, A. niger, A. fumigatus, A. parasiticus, A. ficuum, A. terreus, A. [32]
heteromorphus, P. chrysogenum, P. cyclopium, M. hiemalis, A. alternata,
F. oxysporum, F. solani, F. equiseti, R. stolonifer, C. cladosporioides,
Talaromyces sp.
Pakistan Chickpea flour A. flavus, Rhizopus oryzae, A. niger, Penicillium digitatum, Botrytis [14°]
cinerea, C. cladosporoides, F. oxysporum, M. petrinsularis, M.
recemosus, Rhizopus arrhizus, Penicillum sp., Mucor sp., A. oryzea
Black chickpea A. niger, A. fumigatus, Rhizopus sp., A. terreus, A. flavus. [33]
White chickpea Rhizopus sp., A. fumigatus, A. niger.
Saudi Arabia Salted chickpea A. niger, A. flavus, Emericella spp. [34]
Turkey Roasted chickpeas Aspergillus spp., Penicillium spp., Mucor spp., Fusarium spp. [35]

@Decreasing order of fungi isolation.

the mycobiota population, moisture level and aflatoxin
increase in chickpea seeds during 12 months’ storage in
jute bags and metal bins was evaluated in India. It was
shown that fungal contamination in chickpea seeds at
harvest time was very high. As the seeds were kept under
storage a shift in the spectrum of fungal population was
observed: Alternaria, Cladosporium, Botrytis and Fusarium
species, which are carried within seeds from the field
gradually disappear and were replaced by A. flavus, Asper-
gillus terreus, Aspergillus nidulans, Penicillium, Absidia, Chae-
tomium and Rhizopus species. The moisture of harvest
chickpea seeds was 13%, an increase in moisture content
was observed during the storage, especially during the
raining season, being the moisture higher in jute bags in
comparison with the metal bin. During mycobiota study
of stored chickpea seeds approximately 569 isolates of A.
flavus and 61 isolates of Aspergillus parasiticus were iso-
lated, among them over 84% of A. parasiticus isolates were
toxicogenic, while 64% of A. flavus were able to produce
aflatoxin.

There is in the literature only one study done on fungal
occurrence in chickpea flour. Gram flour, also referred to
as chickpea flour, garbanzo flour or besan, is used all over
the world but as a staple food in Indian, Pakistani and
Bangladeshi cuisine. Gram flour is also commonly used as

a paste with water or yoghurt to make a popular facial
exfoliant in the Indian subcontinent and also it is popular
in Pakistan as an ingredient in a number of different
recipes including bonda, pakoras, papdums, onion bhajis
and Bikaneri Bhujia [13]. As chickpea flour, is one of the
alternatives of wheat flour, and because chickpea is the
most important crop of Indo-Pak region, Mushtaq
et al. [14°] studied the natural occurrence of aflatoxins,
the mycological profile and the molecular characterization
of aflatoxicogenic strains in chickpea flour sold in the
markets in the Rawalpindi district, Pakistan. Ten chick-
pea flour samples were collected from different retailers
and shops. A total of 13 different fungal species were
isolated, being A. flavus the predominant one, followed by
Rhizopus oryzae.

Mycotoxin occurrence in chickpeas and by
products

It is important to note that many fungal genera/species
commonly isolated from chickpea seeds and chickpea-by
products are potential mycotoxin-producers of aflatoxins,
ochratoxin A (OTA), and trichothecenes, among others,
so there would be a potential risk of contamination of
chickpea with those metabolites. Such contamination
may cause significant economic losses due to the potential
impact on human and animal health, and the rejection or
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reduction of prices during commercialization in foreign
markets. There are international regulations that restrict
imports of raw materials contaminated mainly with afla-
toxins, ochratoxin A, deoxynivalenol and trichothecenes
type A [15]. Among aflatoxins, aflatoxin By (AFB) is the
most important, and International Agency for Research
on Cancer (IARC) classifies it as a group I human carcin-
ogen [16]. Natural contamination with aflatoxins and
ochratoxin A has been reported in chickpeas and chick-
pea-based products in India, Turkey, Pakistan and Iran
(Table 2). Although there are a limited number of studies,
aflatoxin levels reported seems to be fairly high in stored
chickpea seeds in comparison with those levels found in
processed chickpeas (flour, roasted). Ahmad and Singh
[12] studied aflatoxin increase in chickpea seeds during
12 months storage in jute bags and metal bins, in India,
the toxin was not detected in seeds after 3 and 6 months of
storage in jute bags and metal bins, respectively. Maxi-
mum amounts of aflatoxin were detected in seeds in jute
bags (205 pg/kg) after 7 months of storage. Mushtaq
et al. [14°] investigated the aflatoxins occurrence in
10 chickpea flour samples, and they found out that only
20% of them were contaminated with aflatoxin B; (mean
level, 3.63 ng/kg), while AFB,, AFGy, and AFG, were not
detected. In a further study Mushtaq ez @/. [13] observed
aflatoxin level in gram flour. Those studies showed high
level of AFB; in gram flour.

Ochratoxin A together with aflatoxins, fumonisins, deox-
ynivalenol and zearalenone is considered to be of major
importance for human and animal health. Ochratoxin
(OTA) is produced by both Aspergillus and Penicillium
species in a range of foods, including grapes, wines, dried
vine fruit, cereals in cool temperature climates, coffee,
cocoa and chocolate, among others [17°°]. OTA has been
shown to be toxic and carcinogenic in animals, being
kidney the main target organ. Also, OTA is a potent renal

Table 2
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carcinogen in several animal species, and other adverse
effects include immunotoxicity, inhibition of macromo-
lecular synthesis, increased lipid peroxidation, and inhi-
bition of mitochondrial respiration. Moreover, this toxin
has been suspected as a cause of various human nephrop-
athies and chronic interstitial nephropathy [18]. The
TARC has classified OTA as a Group 2B possible human
carcinogen [16]. OTA have been detected in chickpeas in
Iran at low incidence levels [19,20]. The concentration
detected were higher in some samples that those recom-
mended by the European Commission for unprocessed
cereals [21].

Postharvest control of toxigenic fungi in
chickpeas

As chickpea seeds are often infested with potential toxi-
genic fungi and their associated toxins during storage and
processing, reducing food quality and safety, there is an
urgent need to evaluated strategies to protect food items
like chickpeas from fungi, and toxins. One approach of
controlling the postharvest losses caused by fungi is the
use of synthetic chemicals. However, food industries are
looking for safer alternatives because of their adverse
effects on consumers’ health and environment. In this
way Indian researchers proposed the use of essential oils
(EOs) which are biodegradable (which generally makes
them less toxic to the environment) and have shown
antimicrobial and antioxidant potential [22°]. The effi-
cacy of essential oil components, viz. Z-citral, E-citral,
methyl cinnamate and fenchone individually and in com-
bination, against food contaminating fungi, aflatoxin B,
production and as antioxidant. As a result, oil components
inhibited an aflatoxigenic strain of A. flavus and 13 addi-
tional food-infesting fungi, also aflatoxin production was
inhibited. Moreover, in order to recommend oil compo-
nents and their combination as a plant-based preserva-
tive, the authors tested there 77 vivo practical applicability

Mycotoxin presence in chickpea samples.

Country Type of sample Mycotoxin Incidence % Range (ng/kg) Average (ng/kg) Reference
India Stored chickpea seeds in jute bins Aflatoxin 5.5-205 [12]
Stored chickpea seeds in metal bins Aflatoxin 23.5-130
3 varieties of chickpeas AFB1 100 62.2-250 167.4 [36°]
Iran Chickpea from retail stores OTA 18.7 2.1-12.5 5.9 [20]
Chickpea from outlets OTA 13.3 0.39-0.20 0.29 [19]
Pakistan Chickpea from local retail shops AFB1 10 2.5 pg/kg 2.5 [387]
Gram flour/chickpea flour Aflatoxins 60 AFB1 0.32-1.02 [13]
AFB2 0.12
AFG1 0.59
AFG2 0.35
AFT 0.80-2.1
Chickpea flour from local retailers Aflatoxins 20 AFB1 3.03-4.24 3.63 [14°]
AFB2 ND
AFG1 ND
AFG2 ND
Turkey Roasted chickpeas AFB1 10 1.7 1.7 [35]

ND, not detected.
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as fumigant in chickpea food system in plastic containers
and concluded that all EOs showed remarkable protec-
tion (>50%) of chickpea seeds up to 6 months storage
without affecting their viability (absolute germination of
treated chickpea seeds) [23]. Later on, Prakash ez a/. [22°]
carried out other study in order to analyze the antifungal,
anti-aflatoxin, and antioxidant efficacy of some EOs on
several fungal species. EOs obtained from Carum carvi
and Cymbopogon citratus exhibited higher efficacy, and all
the tested EOs significantly inhibited mycelia growth and
aflatoxin B; production in a dose-dependent manner.
Regarding EOs phytotoxicity, 100% germination of
chickpea seed was observed indicating that EOs did
not have significant effect on seed viability. Based on
their virtues in protecting chickpea seed samples from
fungal contamination during storage conditions and non-
phytotoxic EOs could be an alternatives of synthetic
preservatives.

Regarding other alternatives to reduce mycotoxin con-
tamination in chickpeas, Rahimi ez 4/. [20] showed that
thermal treatment could reduce OTA content. As long as
the time of cooking increased, degradation of OTA
occurred, being significant the reduction after 5 hours
of cooking.

Conclusions and future perspectives

e The present review showed the worldwide occurrence
of mycotoxin producer fungi and mycotoxins in chick-
pea and chickpea-based products.

o Aspergillus, Fusarium, Penicillium, Alternaria and Rhizo-
pus are the main fungal species isolated from chickpea
seeds and chickpea-based products.

e Fungal population on chickpea changes under storage
condition: Alternaria, Cladosporium, Botrytis and Fusar-
ium species, are carried within seeds from the field, and
are replaced by A. flavus, A. terreus, A. nidulans, Penicil-
lium, Absidia, Chaetomium and Rhizopus species.

e Aflatoxin and OTA are the main mycotoxins detected
in chickpea.

e Aflatoxin levels seem to be high in stored chickpea
seeds in comparison with those levels found in pro-
cessed chickpeas.

e Chickpeas thermal treatment reduced O'T'A content, as
long as the time of cooking increased degradation of
this toxin occurred.

e Essential oils have been proposed as an alternative of
synthetic preservatives for protecting chickpea seeds
from fungal contamination during storage conditions.
Although, further large-scale research the food system
is required.

e Aflatoxin B; presence in chickpeas is a major public
health concern and studies are needed for minimizing
or eliminating them. The prevention of contamination
with toxicogenic fungi during harvest, processing
and storage is the best way to control aflatoxin
accumulation.

e At present there is limited data about OTA and afla-
toxins accumulation on chickpeas. More studies are
needed in order to know the real exposure after chick-
pea consumption.

e There is need for proper storage chickpea seeds (con-
trol of time, temperature, and humidity) to minimize
the fungal infestation and mycotoxin accumulation
during storage.

e The co-occurrence of mycotoxins in chickpeas need to
be study due the possible synergist effects.

Conflict of interest statement
Nothing declared.

Acknowledgements

Cendoya E, and Nichea M] are fellows of CONICET, and Ramirez ML,
Chulze SN, and Zachetti VGL are members of the Research Career of
CONICET.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

e of special interest
ee Of outstanding interest

1. Lev-Yadun S, Gopher A, Abbo S: The cradle of agriculture.
Science 2000, 288:1062-1063.

2. Food and Agriculture Organization of the United Nations Statistical
Database (FAOSTAT): Production Statistics of Crops. 2016. URL:
http://faostat.fao.org/site/567/default.aspx#ancor.

3. Chickpeas Market: Global Industry Trends, Share, Size, Growth,
Opportunity and Forecast 2017-2022; URL: https://www.
prnewswire.com/news-releases/chickpeas-market-global-
industry-trends-share-size-growth-opportunity-and-forecast-
2017-2022-300424372.html

4. Agriculture and Agri-Food Canada: Chickpeas: situation and
outlook. Bi-week Bull 2006, 19.

5. Agriculture and Agri-Food Canada: Lentils: situation and
outlook. Bi-week Bull 2006, 19.

6. Sathe SK: The nutritional value of selected Asiatic pulses:
chickpea, black gram, mung bean and pigeon pea. In Food and
Feed from Legumes and Oilseeds. Edited by Smartt J, Nwokolo E.
Chapman & Hall Publishing; 1996:12-32.

7. Jukanti AK, Gaur PM, Gowda CL, Chibbar RN: Nutritional quality
and health benefits of chickpea (Cicer arietinum L.). Br J Nutr
2012, 108:512-526.

8. RoyF, Boye JI, Simpson BK: Bioactive proteins and peptides in
pulse crops: pea, chickpea and lentil. Food Res Int 2010,
43:432-442.

9. Brase S, Encinas A, Keck J, Nising CF: Chemistry and biology of
mycotoxins and related fungal metabolites. Chem Rev 2009,
109:3903-3990.

10. Wu F, Groopman JD, Pestka JJ: Public health impacts of
foodborne mycotoxins. Annu Rev Food Sci Technol 2014, 5:
351-372.

11. Pande S, Siddique KHM, Kishore GK, Bayaa B, Gaur PM,
Gowda CLL, Bretag TW, Crouch JH: Ascochyta blight of
chickpea (Cicer arietinum L.): a review of biology,
pathogenicity, and disease management. Aust J Agric Res
2005, 56:317-332.

12. Ahmad SK, Singh PL: Mycofloral changes and aflatoxin
contamination in stored chickpea seeds. Food Addit Contam
1991, 8:723-730.

Current Opinion in Food Science 2018, 23:32-37

www.sciencedirect.com


http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0190
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0190
http://faostat.fao.org/site/567/default.aspx
https://www.prnewswire.com/news-releases/chickpeas-market-global-industry-trends-share-size-growth-opportunity-and-forecast-2017-2022-300424372.html
https://www.prnewswire.com/news-releases/chickpeas-market-global-industry-trends-share-size-growth-opportunity-and-forecast-2017-2022-300424372.html
https://www.prnewswire.com/news-releases/chickpeas-market-global-industry-trends-share-size-growth-opportunity-and-forecast-2017-2022-300424372.html
https://www.prnewswire.com/news-releases/chickpeas-market-global-industry-trends-share-size-growth-opportunity-and-forecast-2017-2022-300424372.html
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0205
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0205
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0210
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0210
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0215
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0215
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0215
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0215
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0220
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0220
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0220
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0225
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0225
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0225
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0230
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0230
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0230
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0235
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0235
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0235
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0240
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0240
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0240
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0240
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0240
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0245
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0245
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0245

13. Mushtag M, Sultana B, Anwar F, Zargham Khan M,
Ashrafuzzaman M: Occurrence of aflatoxins in selected
processed foods from Pakistan. Int J Mol Sci 2012, 13:
8324-8337.

14. Mushtaq S, Akram A, Hanif N, Qureshi R, Akram Z, Akhund S,

. Nayyar B: Natural incidence of aflatoxins, mycological profile
and molecular characterization of aflatoxigenic strains in
chickpea flour. Pak J Bot 2015, 47:1153-1160.

This paper describes the natural occurrence of aflatoxins in chickpea flour

samples, and also includes information about the main fugal species

present in the analysed samples.

15. van Egmond HP, Schothorst RC, Jonker MA: Regulations
relating to mycotoxins in food: perspectives in a global and
European context. Anal Bioanal Chem 2007, 389:147-157.

16. International Agency for Research on Cancer (IARC): Monograph
on the Evaluation of Carcinogenic Risk to Human, Lyon, France, vol
56. 1993:257-263.

17. Malir F, Ostry V, Pfohl-Leszkowicz A, Malir J, Toman J: Ochratoxin

ee A: 50 years of research. Toxins 2016, 8:191 http://dx.doi.org/
10.3390/toxins8070191.

In this manuscript a very detail overview about the current knowledge on

ochratoxin A toxicity in humans and animal health is included. The review

includes the most recent information available in the literature.

18. Bui-Klimke TR, Wu F: Ochratoxin A and human health risk: a
review of the evidence. Crit Rev Food Sci Nutr 2015, 55:
1860-1869.

19. Beheshti HR, Asadi M: Ochratoxin A in several grains in Iran.
Food Addit Contam 2013, 3:200-202.

20. Rahimi K, Sani AM, Azizi EG: Effect of thermal treatment on
ochratoxin content of chickpea. Nutr Food Sci 2013, 43:
285-290.

21. European Commission: Amending Regulation (EC) No 1881/2006
Setting Maximum Levels for Certain Contaminants in Food-Stuffs
as Regards Aflatoxins: Off J Eur Union 2010:8-12.

22. Prakash B, Kedia A, Singh A, Yadav S, Singh A, Deepika AY,

. Dubey NK: Antifungal, antiaflatoxin and antioxidant activity of
plant essential oils and their in vivo efficacy in protection of
chickpea seeds. J Food Qual 2016, 39:36-44.

This study explores the efficacy of essential oils components against food

contaminating fungi, aflatoxin B1 production an as antioxidant. The

antifungal mechanisms of action essential oils components were also
studied. In vivo experiments in chickpeas storage were performed.

23. Prakash B, Mishra PK, Kedia A, Dwivedy AK, Dubey NK: Efficacy
of some essential oil components as food preservatives
against food contaminating molds, aflatoxin B, production
and free radical generation. J Food Qual 2015, 38:231-239.

24. Aguaysol NC, Acosta ME, Gonzélez V, Fogliata G, De Lisi V,
Plope LD: Patégenos detectados en semillas de garbanzo

Fungi and mycotoxin in chickpeas Ramirez et al. 37

(Cicer arietinum) en Tucuman y areas de influencia. Avance
Agroind 2013, 34:28-30.

25. Shamsi S, Khatun A: Prevalence of fungi in different varieties of
chickpea (Cicer arietum) seeds in storage. J Bangl Acad Sci
2016, 40:37-44.

26. Agarwal T, Malhotra A, Trivedi PC: Fungi associated with
chickpea, lentil and blackgram seeds of Rajasthan. Int J
Pharma Bio Sci 2011, 2:478-483.

27. Singh VK: Detection of mycoflora associated with Cicer
arietinum seeds by agar plate method with PDA. Weekly Sci Int
Res J 2014, 1:30 10.9780/2321-7871/1202013/53.

28. Sontakke NR, Hedawoo GB: Mycoflora associated with seeds
of chickpea. Int J Life Sci 2014, A2:27-30.

29. Kumar N: Food seed health of chick pea (Cicer arietinum L.) at
Panchgaon, Gurgaon, India. Adv Crop Sci Tech 2016, 4:229
http://dx.doi.org/10.4172/2329-8863.1000229.

30. Warude SN, Mane SS, Giri GK: Detection of seed borne myco-
flora associated with chickpea. Int J Pure Appl Biosci 2016,
4:309-315.

31. Menon G: Mycoflora associated with farmer stored seeds of
chickpea and pigeon pea collected from Satara. Asian J Sci
Tech 2017, 8:6187-6191.

32. Youssef MS, EI-Mahmoudy EM, Maryam EM, Abubakr AS:
Mesophilic fungi and mycotoxins contamination of Libyan
cultivated four Fabaceae seeds. Res J Microbiol 2008, 3:
520-534.

33. Javaid A, Bajwa R, Javaid A, Anjum T: Fungi associated with
seeds of pulses collected from Lahore and their effect on seed
germination. Mycopath 2005, 3:13-16.

34. Alwakeel SS, Nasser LA: Microbial contamination and
mycotoxins from nuts in Riyadh, Saudi Arabia. Am J Food
Technol 2011, 6:613-630.

35. Glrses M: Mycoflora and aflatoxin content of hazelnuts,
walnuts, peanuts, almonds and roasted chikpeas (leblebi) sold
in Turkey. Int J Food Prop 2006, 9:395-399.

36. Mohana DC, Thippeswamy S, Abhishek RU, Shobha B,

. Mamatha MG: Studies on seed-borne mycoflora and aflatoxin
B1 contaminations in food based seed samples: molecular
detection of mycotoxigenic Aspergillus flavus and their
management. Int Food Res J 2016, 23:2689-2694.

During this work fungal incidence and aflatoxin By contamination were

evaluated in different food base seeds samples, including chickpeas

samples. Also, the antifungal and anti-aflatoxicogenic activities of some
vegetables extracts were evaluated.

37. Lutfullah G, Hussain A: Studies on contamination level of
aflatoxins in some cereals and beans of Pakistan. Food Control
2012, 23:32-36.

www.sciencedirect.com

Current Opinion in Food Science 2018, 23:32-37


http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0250
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0250
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0250
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0250
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0255
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0255
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0255
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0255
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0260
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0260
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0260
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0265
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0265
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0265
http://dx.doi.org/10.3390/toxins8070191
http://dx.doi.org/10.3390/toxins8070191
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0275
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0275
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0275
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0280
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0280
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0285
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0285
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0285
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0290
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0290
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0290
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0295
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0295
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0295
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0295
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0300
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0300
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0300
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0300
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0305
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0305
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0305
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0305
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0310
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0310
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0310
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0315
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0315
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0315
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0320
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0320
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0320
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0325
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0325
http://dx.doi.org/10.4172/2329-8863.1000229
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0335
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0335
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0335
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0340
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0340
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0340
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0345
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0345
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0345
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0345
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0350
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0350
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0350
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0355
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0355
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0355
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0360
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0360
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0360
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0365
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0365
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0365
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0365
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0365
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0370
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0370
http://refhub.elsevier.com/S2214-7993(18)30039-0/sbref0370

	Impact of toxigenic fungi and mycotoxins in chickpea: a review
	Introduction
	Fungal occurrence in chickpea and by products
	Mycotoxin occurrence in chickpeas and by products
	Postharvest control of toxigenic fungi in chickpeas
	Conclusions and future perspectives
	Conflict of interest statement
	References and recommended reading
	Acknowledgements


