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and A. oryzae are generally used as starters in fermen-
tation of foods (Chang et al., 2007). Particularly, A. sojae 
and A. oryzae are perceived as atoxigenic variants of A. 
flavus and A. parasiticus (Klich and Pitt, 1988). Other 
species of Aspergillus not included in section Flavi are 
also reported to be aflatoxigenic (Chang et al., 2007). For 
example, A. ochraceoroseus (from section Ochraceroesi); 
the ascomycete fungi Emericella astellata and E. 
venezuelensis (Aspergillus section Nidulantes) also 
produce B1 (Cary et al., 2005; Klich et al., 2000; Frisvad 
et al., 1999 , 2005).  

The predominant aflatoxigenic species of Aspergillus; 
A. flavus and A. parasiticus produce aflatoxins, that are a 
group of 20 closely related secondary metabolites (Liu 
and Wu, 2010; Snigdha et al., 2013). These fungi are 
ubiquitous, they are common soil inhabitants, air-borne, 
and are also found in crops and foods at both pre-and 
post-harvest stages (Waliyar et al., 1994; Jaime-Garcia 
and Cotty, 2004; Williams et al., 2004). Among different 
aflatoxins, the naturally occurring and well-known ones 
are aflatoxin B1 (AFB1), B2 (AFB2), G1 (AFG1), and G2 
(AFG2) (Gimeno, 2004; Saleemullah et al., 2006; 
Strosnider et al., 2006). Of them, AFB1 is categorized as 
a group 1 carcinogen (Castegnaro and McGregor, 1998), 
and is the most prevalent aflatoxin. Predominantly, these 
toxins affect peanuts, corn, cotton seed, tree nuts, pea, 
sorghum, rice, pistachio, oilseed rape, sunflower seed, 
figs, spices, meats, dairy products, and fruit juices (apple, 
guava) (Abdin et al., 2010). Further, to this, in 
occupational settings, mycotoxin exposure is one of the 
major health concerns. Monitoring for mycotoxin 
exposure is therefore mandatory so as to take adequate 
precautionary steps. Presently, monitoring on Aflatoxin 
B1 is rare at occupational settings. In this context, 
occupational settings with potential residents of 
aflatoxigenic A. flavus strains needs enumeration. It is 
also at this juncture, the application aspects of the current 
review would be prudent. Knowledge on differentiation of 
atoxigenic and toxigenic strains would finally contribute to 
enhancement of precautionary safety systems in various 
occupational settings. 

There are morphological similarities between 
aflatoxigenic and non-aflatoxigenic Aspergillus species. 
For example, A. sojae is morphologically similar to A. 
parasiticus and it is believed that A. sojae is a 
domesticated strain of A. parasiticus (Chang et al., 2007). 
However, few distinguishing characters such as color, 
texture and conidial diameter separate these two species 
(Klich, 2002). Precise detection of aflatoxigenic 
Aspergillus species is important for both research and 
mitigation. In this paper, we have comprehensively 
reviewed cultural and molecular methods of detection of 
aflatoxigenic Aspergillus spp. and their differentiation 
using cultural and molecular methods. Current analytical 
methods used to validate the aflatoxin production and 
quantification include thin layer chromatography (TLC) 
(Stroka   and   Anklam,  2000),   high-performance   liquid 
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chromatography (HPLC) (Seitz, 1975; Sobolev and Dorner, 
2002; Trucksess et al., 1991), liquid chromatography 
/mass spectroscopy (LC/MS), enzyme linked immune-
sorbent assay (ELISA) (Patey et al., 1989) and 
immunoaffinity with fluorescence (Nasir and Jolley, 
2002). Each of these methods has advantages and 
limitations. For example, cultural methods though 
inexpensive, but are less sensitive, affecting accuracy 
(Abbas et al., 2004a). On the other hand, molecular 
techniques provide rapid diagnosis because of their high 
sensitivity, specificity, and are currently in use for 
detection of aflatoxigenic strains of A. flavus and A. 
parasiticus (Shapira et al., 1996; Sweeney et al., 2000). 

Since, the toxigenic profiles of both A. flavus and A. 
parasiticus are mostly different; adopting a single method 
has not yet been reliable in differentiation. The compiled 
information may be useful in devising a polyphasic, cost 
effective and robust approaches using one or more 
methods that allow accurate differentiation between 
aflatoxin producing and non-producing strains of 
Aspergillus. 
 
 
CULTURAL METHODS 
 
Cultural methods for detecting aflatoxins either rely on 
quantification of purified extracts (Filtenborg and Frisvad, 
1980; Shotwell et al., 1966), or on qualitative assess-
ments of fluorescence (Bennett and Goldblatt, 1973; de 
Vogel et al., 1965; Hara et al., 1974; Lin and Dianese, 
1976) or UV absorption (Yabe et al., 1987). They include 
a) blue fluorescence (FL) (particularly in the presence of 
an enhancer in the medium such as β-cyclodextrin (Fente 
et al., 2001; Ordaz et al., 2003); b) yellow pigmentation 
(YP) on the undersides of colonies (Gupta and Gopal, 
2002; Lin and Dianese, 1976; Odhiambo et al., 2014); 
and c) color change of the yellow pigment to plum-red on 
exposure of the culture to ammonium hydroxide vapor 
(AV) (Saito and Machida, 1999; Abbas et al., 2004a; 
Odhiambo et al., 2014).  

Different media are in use for growing aflatoxigenic 
Aspergillus spp. They include Aspergillus flavus and 
parasiticus agar (AFPA) (Pitt et al., 1983), Czapek’s 
yeast extract agar (CYA), yeast extract sucrose agar 
medium (YES), coconut agar medium (CAM), aflatoxin 
producing ability medium (APA) (Jaimez et al., 2003b). 
However, the toxin production in these media varies with 
extraneous factors such as pH, temperature and time. 
Incubation for a period of five days is necessary for toxin 
production in YES (Gqaleni et al., 1996; Leontopoulos et 
al., 2003). Aflatoxin production (AFB1) by A. flavus and 
A. parasiticus in cheese and rice for toxigenic isolates 
can be peak at 7, 10, 14, 21 and 28 days. Further, 
maximum production of AFB1 will be at 14 days (Park 
and Bullerman, 1983). 

Different reports on the potential of media in supporting 
toxin production are available. Ritter et al. (2011) showed  
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from others, but not aflatoxin producing and non-
producing strains of the same species (Geisen, 1996). In 
another study, Rashid et al. (2008) categorized A. flavus 
and A. parasiticus isolates of stored wheat into aflatoxi-
genics and non-aflatoxigenics using multiplex PCR based 
assay. Their studies on detection of four genes, AflR 
(regulatory gene) and structural genes such as Nor 1 
(norsolorinic acid), Ver 1 (Versicolorin) and Omt (O 
methylsterigmatocystin) indicated that only one of the 
tested strains of A. parasiticus (AP4) out of 36 strains has 
shown the presence of these four genes. Further, it was 
also observed that strains with presence of aflR gene 
also did not produce aflatoxins (Rashid et al., 2008). 
Criseo et al. (2001) worked with quadruplex PCR using 
primers for aflR, nor-1, ver-1 and omt-A genes of the 
aflatoxin biosynthetic pathway for differentiating 
aflatoxigenic and non-aflatoxigenic strains. Their results 
indicated that aflatoxigenic strains gave a quadruplet 
pattern, indicating the presence of all the genes involved 
in the aflatoxin biosynthetic pathway. However, for non-
aflatoxigenic strains, the results are variable with one, 
two, three or four banding patterns. Further, a banding 
pattern in few non-aflatoxigenic strains resulted in non-
differentiation between these two strains.  

Aflatoxin production by A. flavus is more stable in 
nature than in culture (Bayman and Cotty, 1993). Gene 
expression between Aspergillus spp. can be different 
despite their close relatedness at the DNA level 
according to microarray analysis (Wilkinson et al., 2007). 
Hence, understanding the aflatoxigenicity and non-
aflatoxigenicity through molecular means at gene level is 
an important step for further rapid and precise detection 
of these species. Developing rapid, precise, cost-effective 
and less cumbersome methods in this direction will 
further aid in devising strategies that prevent aflatoxin 
contamination in agriculturally important crops. 
 
 

CONCLUSIONS 
 
For precise differentiation of toxigenic and atoxigenic 
strains of A. flavus,  a polyphasic approach involving the 
use of different cultural and molecular methods is apt. 
False positives with respect to aflatoxin production are 
also not uncommon in aflatoxigenic strain detection. In 
this regard, analytical methods such as HPLC, TLC and 
ELISA that detect toxin production in the substrate can 
also be confirmative when used in polyphasic approach 
along with cultural and molecular methods. An 
elaborative and updated review in this area would be 
useful for aflatoxin researchers especially in detecting 
and differentiating atoxigenic and toxigenic Aspergillus 
spp. in crop soils that are posing severe health hazards 
and trade losses in several major crops. 
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