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MINIREVIEW

The Potential Hazards of Aspergillus sp. in Foods and Feeds, and the 
Role of Biological Treatment: A Review

The contamination of food and feed by Aspergillus has be-
come a global issue with a significant worldwide economic 
impact. The growth of Aspergillus is unfavourable to the 
development of food and feed industries, where the problems 
happen mostly due to the presence of mycotoxins, which is a 
toxic metabolite secreted by most Aspergillus groups. More-
over, fungi can produce spores that cause diseases, such as 
allergies and asthma, especially to human beings. High tem-
perature, high moisture, retarded crops, and poor food sto-
rage conditions encourage the growth of mold, as well as 
the development of mycotoxins. A variety of chemical, bio-
logical, and physical strategies have been developed to con-
trol the production of mycotoxins. A biological approach, 
using a mixed culture comprised of Saccharomyces cerevisiae 
and Lactobacillus rhamnosus resulted in the inhibition of the 
growth of fungi when inoculated into fermented food. The 
results reveal that the mixed culture has a higher potential 
(37.08%) to inhibit the growth of Aspergillus flavus (producer 
of Aflatoxin) compared to either single culture, L. rhamnosus 
NRRL B-442 and S. cerevisiae, which inhibit the growth by 
63.07% and 64.24%, respectively.

Keywords: Aspergillus, mycotoxins, Lactobacillus, Saccharo-
myces cerevisiae, biological treatment

Introduction

Aspergillus has been considered unique among the king-

dom Fungi, as it has more than 180 accepted anamorphic 
species (Pitt et al., 2000; Rodrigues et al., 2007) and can only 
reproduce asexually (Bennett et al., 2010). These are com-
monly found in air, water, soil, plant debris, rotten vegeta-
tion, manure, sawdust litter, bagasse litter, and animal feed, 
on animals and in indoor air environments (Pattron, 2006; 
Bennett et al., 2010). High temperature, high moisture, re-
tarded crops, and poor food storage conditions enhance 
mold growth and mycotoxin development. Aspergillus causes 
disease (mycotoxicoses) in human beings and animals as 
well. It is a subgenus in the Circumdati section and Flavi 
section, where the genus includes species usually with bi-
seriate conidial heads, in shades of yellow-green to brown 
and dark sclerotia (Varga et al., 2011). Several species as-
signed to this section are either important producers of 
mycotoxins, such as aflatoxins, cyclopiazonic acid, ochra-
toxins and kojic acid, or are used in oriental food fermen-
tation processes and as hosts for heterologous gene expre-
ssion. These particular mycotoxins are produced by Asper-
gillus flavus, A. parasiticus, A. nomius, A. pseudotamarii, A. 
bombycis, A. toxicarius, A. minisclerotigenes, A. parviscleroti-
genus, and A. arachidicola in Aspergillus section Flavi (Sam-
son et al., 2006; Pildain et al., 2008; Riba et al., 2008, 2010; 
Gandomi et al., 2009; Selouane et al., 2009; Sindhu et al., 
2011; Hong et al., 2013). Aspergillus is a fascinating group 
of fungi exhibiting immense ecological and metabolic di-
versity: A. flavus, accompanied by A. fumigatus, can cause 
harmful effects, such as invasive aspergillosis, which is the 
most common cause of superficial infection [Clinical Mic-
robiology Proficiency testing (CMPT), 2008]. Aspergillus 
flavus colonies actively grow at 37°C and can be colored 
yellow to dark yellowish-green with a dense felt of conidio-
phores or mature vesicles bearing phialides over their entire 
surface. The colour of Aspergillus colonies can be influenced 
by additives in the culture medium, such as yeast extract 
medium; the colonies commonly appear as having woolly, 
cottony to granular textures when grown with in the Potato 
Dextrose Agar (PDA) [Verweij and Brandt, 2007; Clinical 
Microbiology Proficiency testing (CMPT), 2008]. A. flavus, 
which is similar to A. parasiticus, can produce very rough 
conidia, as well as aflatoxin. A. flavus includes 23 species or 
varieties, including bisexual species, such as Petromyces al-
liaceus and Petromyces albertensis [Clinical Microbiology 
Proficiency testing (CMPT), 2008].
  Some studies report that an Aspergillus sp. (Aspergillus len-
tulus FJ172995) has the potential to remove dye when cul-
tured with two additives, namely glucose, and urea (Kaushik 
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Fig. 1. Aspergillus isolation in several 
countries (Vagra et al., 2011).

and Malik, 2011). The results indicate that the initial dye con-
centration has a depreciative effect on dye removal, while 
urea is the main factor influencing dye removal and glucose 
plays a major role in biomass production. Pradeep and 
Benjamin (2012) indicated that fungi utilize the plasticizer, 
di(2-ethylhexyl) phthalate (DEHP) blended in PVC blood 
storage bags (BB). Three types of fungi, A. parasiticus, Fusa-
rium subglutinans, and Penicillium funiculosum, which were 
isolated from plastics-contaminated soil show the consump-
tion of intact DEHP physically bound to BB by static sub-
merged growth (28°C) in simple basal salt medium (BSM). 
Ye et al. (2011) reported that A. fumigatus has a high poten-
tial to degrade anthracene. The results show that 60% deg-
radation occurs at optimal conditions (pH 5–7.5 at 30°C). 
A. niger can produce cellobiase, which is used as a thermal 
enzymatic pretreatment method in a 3:1 mixture of Cellu-
cast 1.5 L and Novozyme 188 (cellobiase from A. niger) to 
improve the enzyme concentrations during pretreatment 
(Antonopoulou and Lyberatos, 2012). The results indicate 
the improvement in the process of saccharification and the 
yield of methane on pretreatment of sweet sorghum biomass. 
Fakhrul-Razi and Molla (2007) reported that mycelia can 
be used as biosolid entrapped raw wastewater sludge. This 
result indicates that fungal entrapped biosolids offered 98% 
removal of total suspended solids (TSS) in supplemented 
sludge treatment on the sixth day without any nutrient 
(wheat flour, WF) supply. A. versicolor biomass (AVB) can 

also be used as a binding mechanism and thus offers the 
possibility to address environmental pollution (Bairagi et al., 
2011). This study concludes that AVB, being the most potent 
of all fungal biomasses, has been successfully employed for 
reducing the lead content of the effluents of battery facto-
ries up to the permissible limit (1.0 mg/L) before discharg-
ing into bodies of water.

Isolation of Aspergillus around the world

Earlier studies on various substrates targeted to different de-
grees by a consortia of organisms from different kingdoms 
in the ecosystem (Bennett et al., 2010) have produced varying 
results. Many countries around the world have been doing 
research on Aspergillus groups (Varga et al., 2011), as given 
in Fig. 1, which demonstrates the phylogenetic trees of iso-
lates in many countries.

Aspergillus as a dominating host through spe-
cific vectors

Aspergillus and other molds play an important role in these 
consortia because they are adapted for growth on recycling 
starches, hemicelluloses, celluloses, pectins, and other sugar 
polymers. Aspergillus spores are common components of 
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aerosols, where they drift on air currents, dispersing them-
selves over both short and long distances, depending on the 
environmental conditions. These include notorious patho-
gens, such as A. flavus, that produces aflatoxin, one of the 
most potent, naturally occurring compounds known (Bennett 
et al., 2010). A. flavus can produce aflatoxins to contami-
nate crops, such as maize, cotton seeds, almonds, and others 
(Rudramurthy et al., 2011). A. flavus accumulates when the 
spores come in contact with solid or liquid surfaces under 
suitable moisture conditions for germination. It is capable 
of dispersing in air and growing anywhere as long as ap-
propriate food and water sources are available (Bennett et 
al., 2010). On the contrary, the population is genetically di-
versified (Chang et al., 2006).

Advantages of Aspergillus in food production 

Some of the Aspergillus groups are advantageous for the in-
dustrial food production; for example, A. oryzae, A. sojae, 
and A. tamari are used in oriental food fermentation proc-
esses and as hosts for heterologous gene expression (Varga 
et al., 2011; Chancharoonpong et al., 2012). A. oryzae is used 
as genetic modifier to produce enzymes, such as lactase, 
pectin esterase, lipase, protease, and xylanase (Varga et al., 
2011). In bakeries (Sander et al., 1998), Aspergillus-derived 
enzymes are used in dough to improve the quality of baked 
goods. Recent research indicated that A. sydowii MG 49 
can produce exosplitting xylobiohydrolase during its growth 
on xylan (Gosh and Nanda, 1994).
  Aspergillus is commonly associated with biomass degra-
dation in addition to the production of a wide range of se-
creted hydrolases, including native endo- and exo-acting 
enzymes, which are involved in the degradation of plant cell 
walls. Parenicova et al. (2000) indicated that there are cer-
tain type of strains associated with this phenomenon, par-
ticularly, the black aspergilli (viz., A. niger group is asso-
ciated with the well-known industrial strains of A. niger, A. 
aculeatus, and A. awamori). These strains have been used 
successfully as industrial hosts for the production of various 
plant cell wall degrading enzymes with cost-effective appli-
cations in the food and beverage, animal feed, and paper- 
and-pulp industries (De Vries et al., 2003). With regard to 
the production of enzymes, Aspergillus has been established 
as an efficient host for the production of a variety of en-
zymes, including proteases, lipases, phytases, and numerous 
glycosyl hydrolases, as well as pharmaceuticals products 
(Punt et al., 2002).
  Meyer et al. (2011) reported that an impressive set of pro-
moters are available for filamentous fungi, thus allowing 
the overexpression of a gene of interest. The promoters are 
either constitutively active and growth-related, such as the 
A. niger glyceraldehyde-3-phosphate dehydrogenase promo-
ter, PgpdA, or dependent on the carbon or nitrogen source 
(e.g., A. niger PglaA and PinuE, A. nidulans PalcA, Neurospora 
crassa Pqa-2, Ustilago maydis Pcrg1 and Pnar1, and Trichoderma 
reesei Pcbh1) and some are also leaky (e.g., PinuE and Pqa-2). 
Among the gene promoters that are tight, tuneable, and 
metabolism-independent, three systems have recently been 
tested for application in filamentous fungi, such as the thi-

amine promoter system (PthiA) in A. oryzae (Shoji et al., 
2005). In a certain study, as reported by Kang et al. (2004), 
cellulases and hemicellulases, which are produced by A. niger 
KK2, were involved in solid state fermentation (SSF) of mix-
tures of rice straw and wheat bran combined at various ratios 
(Contesini et al., 2009). The result shows that A. niger KK2 
that was grown on rice straw, served as the lone solid sup-
port in SSF with the maximum FPase activity of 19.5 IU/g 
in 4 days. The CMCase (129 IU/g) beta-glucosidase (100 
IU/g), xylanase (5,070 IU/g), and beta-xylosidase (193 IU/g) 
activities were concurrently obtained after 5–6 days of fer-
mentation. The higher enzyme activities produced by A. niger 
KK2 is a significant advantage from the perspective of using 
a practical saccharification reaction. Cellulases and hemi-
cellulases, produced by A. niger KK2, might be applied to 
the pulp and paper industry, animal feed industry, and che-
mical industry.

Potential hazards of the Aspergillus strain and 
its impact

Morphology of Aspergillus and type of mycotoxins secreted
The variations of A. flavus species can be characterized into 
several subgroups. A profound characteristic of A. flavus is 
its sclerotial size where the larger strain (L strain) holds a 
bigger size compared to the smaller strain (S strain). A. fla-
vus L strain produces abundant conidiospores and sclerotia 
that are usually larger than 400 μm in diameter, while the S 
strain produces fewer conidiospores and the sclerotia size 
is usually less than 400 μm in diameter (Horn and Dorner, 
1999; Chang et al., 2006). On the other hand, the S strain 
can produce aflatoxin on an even keel, while L strain can-
not produce aflatoxins (Vaamonde et al., 2003; Chang et 
al., 2006; Pildain et al., 2008). Some other Aspergillus species 
that produce aflatoxins (B1, B2, G1, and G2) include A. par-
asiticus and A. nomius (Hesseltine et al., 1970; Scott, 1987; 
Abbas et al., 2005). Depending on the type culture of A. 
flavus var. parvisclerotigenus produces only B aflatoxins, 
but other S strain isolates produce both B and G aflatoxins 
(Novas and Cabral, 2002; Abbas et al., 2005).
  Geiser et al. reports that the molecular characteristics of 
A. flavus are non-monophyletic and can be categorized into 
two genetic groups that cannot be readily determined mor-
phologically: group I consists of both L and S strains and 
produces only B aflatoxins and group II comprises S strains 
that produce B or B+G aflatoxins (Geiser et al., 1998, 2000; 
Abbas et al., 2005). According to Chang et al. (2006), A. ory-
zae is closely related to A. flavus. This is associated with the 
fact that A. oryzae isolates arise from the domestication of 
A. flavus subgroups (Chang et al., 2006). A. oryzae possesses 
the GRAS (Generally Regarded as Safe) status in the food 
industry, and efforts have been made to develop molecular 
methods to unambiguously distinguish A. oryzae from A. fla-
vus using restriction fragment length polymorphisms (Klich 
and Mullaney, 1987; Chang et al., 2006).  The importance of 
aflatoxin in foods and feeds, coupled with the large varia-
tions in toxigenicity, has prompted considerable interest in 
the intraspecific variability within the species (Abbas et al., 
2005).
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Effects of mycotoxins on foods and feeds industry
Previous researchers have conducted a study where a total 
of 2,753 analyses were performed on 1,507 samples sourced 
from the European and Mediterranean markets, and 6,391 
analyses were undertaken on 1,291 samples originated from 
the Asian-Pacific region (Binder et al., 2007). It showed that 
more than half of the materials sampled in Europe were 
contaminated at the level above the permitted limit of quan-
tification method applied, and one-third of the tests on 
Asian-Pacific sourced samples were positive. The study was 
conducted with Fusarium mycotoxins, which shows high 
impact on feed industry and animal husbandry. These my-
cotoxins included deoxynivalenol (DON), T-2 toxin, and 
zearalenone (ZON), as well as, fumonisins B1, B2, and B3. 
Additionally, mycotoxins that are not produced by Fusarium, 
such as ochratoxin A and aflatoxin B1, were also tested. 
Binder indicated that the European samples had DON, ZON 
and T-2 toxin as major contaminants, while materials from 
Asia and Pacific tend to be contaminated with DON, ZON, 
fumonisins and aflatoxins (Binder et al., 2007). In addition, 
the findings also demonstrated that 30% of all mycotoxin 
tests obtained through the sample from Asian-Pacific coun-
tries showed positive tests, while 52% samples in positive 
ratio was evidenced in European and Mediterranean samples 
(Binder et al., 2007). In summary, the incidence of mycoto-
xins relevant for animal production is quite high in feeds, 
although an assessment of the acceptable level is quite 
difficult.
  Previous studies demonstrated that aflatoxins can be iso-
lated from all major cereal crops, even from various sour-
ces ranging from peanut butter to marijuana (Bennett and 
Klich, 2003; Bennett et al., 2010). Aflatoxins are also gen-
erally found in the food supply chain of both pet and hu-
man foods, as well as in feedstock for agricultural animals 
during food processing. The study also indicated that the 
transfer of aflatoxin products can be found in eggs, dairy 
products and meat when animals are fed with contaminated 
grains. The metabolites of aflatoxins are deposited in animal 
tissues, milk and eggs after consumption of contaminated 
feed (Kusimaningtyas et al., 2006). In Kenya, IFST (Infor-
mation Statement of Mycotoxin, 2009) indicated that there 
were up to 15 mg of aflatoxin per kg of corn contaminated 
by A. flavus, which is fatal. The IFST also reported that the 
largest aflatoxicosis outbreak recorded at 317 cases and 125 
deaths were caused by maize contamination with aflatoxin 
B1 levelled at 4,400 ppb, which was 220 times higher than 
the permitted limit for food in the country (Information 
Statement of Mycotoxin, 2009).

Effects of Aspergillus contamination on foods and feeds 
productivity
A. flavus has caused problems to the feed industry since the 
1960s (Goldblatt, 1969). Aflatoxin is a high potential source 
for hepatotoxic and carcinogenic compounds produced by 
Aspergillus, which can cause death or the reduction of pro-
ductivity in feed and poultry. Aflatoxin is associated with 
large scale deaths of livestock, such as chicken, trout and 
other species of animals around the world, which ultimately 
proves that the fungus poses a threat to food supplies and 

overshadows its ability to decompose plant materials (Gold-
blatt, 1969). In a recent study, in some countries, such as 
Gulf countries, India and Sudan, A. flavus is the predomi-
nant etiological agent among patients with fungal rhinosinu-
sitis and endophthalmitis (Rudramurthy et al., 2011). The 
study proved that A. flavus spores can kill animals com-
pared to A. fumigatus spores, based on an observation using 
immunosuppressed mice.

Effects of Aspergillus towards organ in animals and humans 
body system
Previous studies indicated that the major quantitative trait 
loci (QTL) [major quantitative trait loci (QTL) (p1) identi-
fied on chromosome 1S had effects of 54.0, 42.1, and 28.3% 
on the phenotypic variability for concentrations of silk may-
sin, 3 -methoxymaysin/apimaysin, and chlorogenic acid, 
respectively (Widstrom et al., 2003). Markers/QTLs for husk 
phenotypic traits and total aflatoxin concentrations have 
been determined, but more detailed mapping of these chro-
mosomic regions will be necessary to locate precise markers/ 
QTLs for husk traits and aflatoxin production. Aflatoxins 
are polyketide-derived secondary metabolites that are highly 
toxic and carcinogenic towards many animal species and 
are suspected carcinogens in human (Dvorockova, 1990; 
Prieto et al., 1996). Research on aflatoxins has led to a so- 
called ‘golden age’ of mycotoxin research because there are 
many new fungal toxins discovered from the species of 
Aspergillus and other common molds (Bennett et al., 2010). 
Aflatoxin has been recognized as the most important my-
cotoxin because it is synthesized by a few Aspergillus spe-
cies that are the most problematic, such as A. flavus and A. 
parasiticus, which target certain organs in mammals, espe-
cially liver, causing hepatic diseases (Bennett et al., 2010). 
They are weedy molds that grow on a large number of sub-
strates, particularly under high moisture (Bennett et al., 
2010). Studies conducted (Kusimaningtyas et al., 2006) on 
rats proved that Aflatoxin B1 15 ppb can cause liver tumours 
(hepatic carcinomas). According to Bennett et al. (2010) 
and Williams et al. (2004), the expression of aflatoxin-re-
lated diseases is influenced by specific factors, such as age, 
nutrition, sex, species, and the possibility of concurrent ex-
posure to other toxins. Bennett indicated that certain con-
ditions, such as limited availability of food, environmental 
conditions that favour mold growth on foodstuffs, and the 
lack of regulatory systems for monitoring and controlling 
aflatoxin, increase the likelihood of aflatoxicosis in humans 
(Bennett et al., 2010).
  Aspergillus flavus is more virulent than other Aspergillus 
species, except A. tamarri, which has marginally higher viru-
lence (Ford and Friedman, 1967; Anand and Tiwary, 2010). 
This has been proven by a study conducted by (Kaliamurthy 
et al., 2003; Anand and Tiwary, 2010) through the immune 
compromising of rats and rabbits. Animals were considered 
to be a host of disseminated invasive pulmonary and sinus 
A. flavus infection. Chicken, geese and turkeys are also sus-
ceptible to A. flavus, even without immunosuppressant 
(Anand and Tiwary, 2010).
  Cereal plants may be contaminated by mycotoxins in two 
ways; fungi growing as pathogens on plants or growing sap-
rophytically on stored plants (Binder et al., 2007; Glenn, 
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Table 1. Worldwide basis observation for mycotoxin regulation during December 31, 2003 (Hans et al., 2003)
Africa Asia/Oceania Europe Latin America North America

No. of countries 15 countries with known 
regulation (59% of 
inhibitants of the region)

26 countries with known 
regulation (59% of 
inhibitants of the region)

39 countries with known 
regulation (99% of 
inhibitants of the region)

19 countries with known 
regulation (91% of 
inhibitants of the region)

2 countries with known 
regulation (100% of 
inhibitants of the region)

Regulation 
country

Most detail regulations in 
Morocco

Majority of countries 
stated non-existent 
regulations

Some of country should 
be developed the 
regulations

Most detail regulations in 
China and Iran

Harmonized regulations 
exist for Austrilia and 
New Zealand

Most detail regulations in 
several candidate-EU 
countries

Most detail regulations in 
Uruguay

Fully detail regulations in 
Canada and USA

Types of 
mycotoxins which 
had existing 
regulation

Most regulations exist for 
aflatoxin

Regulations exist for total 
aflatoxin which dominate 
in food and aflatoxin B1 
which dominate in feed

Regulation exist in 
Austrilia and New 
Zealand for Agaric acid 
and phomopsins

EU harmonized 
regulations exist for 
aflatoxins, ochratoxin A 
and patulin

EU harmonized 
regulation 
recommendations exist 
for deoxynivanol

EU harmonized 
regulations are develop 
for Fusarium in food, 
baby food and feed

Harmonized regulations 
of aflatoxin exist in

MERCOSUR member 
state

Regulations are set by 
total aflatoxins,

Canada: detail tolerances 
for Fusarium damaged

kernels (% by FDK) and 
ergot (% by weight); 
HT-2 toxin regulated in 
feed

USA: detailed tolerances 
for total fumonisins (B1, 
B2, B3) regulated in foods 
and feeds

2007). Other important Aspergillus mycotoxins include ochra-
toxin, patulin and fumagillin (Cole and Cox, 1981; Bennett 
and Klich, 2003; Bennett et al., 2010). Direct consequences 
of consuming mycotoxin-contaminated feeds include re-
duced feed intake, feed refusal, poor feed conversion, dimi-
nished body weight gain, increased disease incidence (due 
to immune-suppression), and reduced reproductive capa-
cities (Binder et al., 2007). At the same time, it causes eco-
nomic losses (Wu, 2004, 2006; Binder et al., 2007).
  Several situations highlighted with an attributed outbreak 
of aflatoxicosis had been investigated in Kenya (Anonymous, 
2004). Similar cases also happened on impaired child growth 
in Benin West Africa, believed to be caused by post-wean-
ing exposure to aflatoxins (Gong et al., 2004). In developing 
countries, aflatoxin exposure leads to overall health disorders 
that can result in reduced life expectancy. However, exposure 
to mycotoxin continues in developing countries due to com-
promised food security, poverty and malnutrition (Shetty 
and Jespersen, 2006).
  Aspergillus flavus can cause a broad spectrum of diseases, 
ranging from hypersensitive reactions to invasive infections 
associated with angio invasion (Anand and Tiwary, 2010). 
Aspergillus flavus is the second leading cause of invasive 
and non-invasive aspergillosis (Morgan et al., 2005; Anand 
and Tiwary, 2010). The primary route of infection is via in-
halation of fungal spores (Anand and Tiwary, 2010). For 
example, allergic bronchopulmonary aspergillosis (ABPA) is 
the hypersensitive reaction of the immune system to A. flavus 
(Chakrabarti et al., 2002; Anand and Tiwary, 2010). In ad-
dition, 10 cases of chronic cavitary pulmonary aspergillosis 
(CCPA) and aspergilloma had been previously reported in 
the hot and dry demotic regions (Liao et al., 1998; Anand 

and Tiwary, 2010). Aspergillus flavus causes harm from the 
upper respiratory track faster than any other Aspergillus 
species (Kennedy et al., 1997; Panda et al., 1998; Anand and 
Tiwary, 2010).
  In the Middle East and India, A. flavus causes Allergic Fungal 
Sinusitis (AFS) (Taj-Aldeen et al., 2004; Thankar et al., 2004; 
Saravanan et al., 2006; Anand and Tiwary, 2010). Aspergillus 
flavus acts as an aetiological agent in keratitis, cutaneous 
aspergillosis endocarditis, wound infections, craniocerebral 
aspergillosis, osteomyelitis, and nosocomial infection and 
such cases are mostly reported in countries, such as Pakis-
tan, India, Saudi Arabia, Sudan, and other African coun-
tries (Anand and Tiwary, 2010).
  Since 1959, aspergillosis has been reported in all species of 
domestic animals and many wild species. For example, pre-
vious studies have indicated that birds show a particularly 
high susceptibility. Historically, aspergillosis was the first 
recognised avian disease (Ainsworth and Austwick, 1959). 
Studies from the 1960s also revealed that, originally, Asper-
gillus was considered a serious problem largely because of 
its prevalence in climates that are favourable to deteriora-
tion of all types of stored products. This was further com-
bined with the fact that there was a lack of knowledge and 
necessary facilities to combat the problem (Christensen and 
Kaufman, 1969). Animal diseases caused by Aspergillus in-
fection are all included under the term ‘aspergillosis’. Asper-
gillus can cause animal diseases, through the production of 
mycotoxins, induction of allergic responses, and localised 
or systemic infections (Bennett et al., 2010).
  Allergies and asthma are known to be triggered by an ac-
tive host immune responses to the presence of fungal spores 
or hyphae (Bennett et al., 2010). Aspergillus can cause allergic 
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responses, and colonising and invasive diseases as well as 
becoming an immune competent host (Widstrom et al., 
2003). Atopy is a type of genetic predisposition that causes 
a person to develop certain hypersensitive reactions, such 
as asthma, hay fever (allergic rhinitis) and food allergies. 
An allergic reaction to Aspergillus in atopic individuals can 
be triggered by fungal spores in the air and from fungi in-
gested in food. Airborne spores are readily inhaled when 
we breathe or when they come into contact with our eyes 
and other exposed body parts. Molds are involved in the 
initiation and exacerbation of the lower airway diseases, such 
as asthma, although the specific aetiology is poorly under-
stood (Bush et al., 2006; Bennett et al., 2010). The inhala-
tion of spores varies enormously according to the local en-
vironmental conditions. Some forms of these ill-defined hu-
man diseases have been particularly associated with exposure 
to high concentrations of Aspergillus spores. Predominantly 
it is for the lungs of farmers, malt workers, compost workers 
and bird fanciers (Bennett et al., 2010).

Worldwide established regulation responsible 
for foods and feeds safety

In order to solve the problem of worldwide food and feed 
contamination, several advisory bodies had been enacted. 
Table 1 shows the worldwide basis observation for myco-
toxin regulation (Hans et al., 2003). As per the public health 
point of view and laws of legislation of any country, the con-
tamination of food is unacceptable, and if the food is con-
taminated up to a certain amount of level and in particular, 
at a toxicological level, it cannot be marketed in that country. 
Contaminant levels are required to be reserved as low as can 
reasonably be achieved by good practice. The European 
Food Safety Authority (EFSA) has carried out risk assess-
ments on certain mycotoxins found in animal feed, that are 
considered to pose a potential risk to human and as well as 
animal health: aflatoxin B1, deoxynivalenol, zearalenone, 
ochratoxin A, fumonisins, T-2 and HT-2. In each case, EFSA 
has issued an opinion that provides an assessment of the 
potential risk to animal, as well as human, health. Each opi-
nion has been used as a basis for the current legislative con-
trols on these mycotoxins [Laboratory for Food and Residue 
Analyses (ARO), 2003; Zinedine and Manes, 2009; EFSA 
Panel on Contaminants in the Food Chain (CONTAM), 
2011]. The effects of mycotoxin are a major concern in both 
developed and developing countries for food and feed supply. 
Mycotoxin contamination in the food supply chain is a pri-
mary concern for human, as well as animal, health in de-
veloping countries, and production is the second concern. 
On the other hand, mycotoxin contamination in the food 
and feed chains is tightly regulated to reduce human and 
animal exposure; thus for the producer and/or the consumer 
the additional costs and the economic burden of regulating 
the food and feed supply in developed countries is the ma-
jor mycotoxin concern (Bryden, 2012; Marin et al., 2013).

Biological control of Aspergillus and mycotoxin in food
The growth of mold and its mycotoxin production are greatly 
influenced by the environment. It has been demonstrated 

that lactic acid bacteria (LAB), Bacillus species and sour-
dough bread cultures can inhibit mold growth as they com-
pete for space and nutrients required for mycotoxin pro-
duction but not for the growth and production of antimy-
cotic and antimycotoxigenic metabolites (Biachini and Bul-
lerman, 2010). LAB has been reported to be capable of bin-
ding mycotoxins, thus demonstrating the potential use of 
these organisms as sequestering agents in fermented and 
other processed foods, as well as in the gut. Molds share a 
common habitat with other microorganisms, which can na-
turally influence mold growth and mycotoxin production. 
Studies on the use of biological control methods began in 
the 1960s when Ciegler et al. (1996) screened over 1,000 mic-
roorganisms to test their ability to degrade aflatoxins, and 
research was also performed on the ability of Flavobacterium 
aurantiacum to irreversibly remove aflatoxin from solutions.

Usage of Bacillus pumilus as a fungal growth inhibitor
Bacillus pumilus is one of the mold growth inhibitors other 
than the genera of Aspergillus, Penicillium, and Fusarium. 
It also inhibits the production of aflatoxins, cyclopiazonic 
acid, ochratoxin A, and patulin. It was reported that the 
cell-free supernatant of B. pumilus inhibited more than 99% 
of aflatoxin production by A. parasiticus and up to 53% of 
mold growth (Munimbazi and Bullerman, 1998; Biachini 
and Bullerman, 2010). Previous studies described the pro-
duction of a small thermoresistant peptide (B-TL2) by a 
Bacillus strain, isolated from tobacco stems, that was able to 
act as a strong inhibitor of A. niger mycelial growth (Zhang 
et al., 2008; Biachini and Bullerman, 2010).

Usage of propanoic acid bacteria as a fungal growth inhibitor
Propionibacterium is a type of bacteria that secretes pro-
pionic acid by generating energy through the fermentation 
of lactate and sugars to propionate, acetate, and carbon di-
oxide (Piveteau, 1999; Biachini and Bullerman, 2010). This 
finding was established through research conducted on the 
effect of inhibition by pH reduction and production of pro-
pionic and acetic acids, which stimulates an effect on the in-
hibition of fungal growth. A previous study conducted with 
variety of molds showed that the minimum inhibitory con-
centration of propionic and acetic acids is about 10–120 mM 
at pH 5.0 (Lind et al., 2005; Biachini and Bullerman, 2010).

Usage of LAB as a fungal growth inhibitor
LAB consist of four main genera: Lactococcus, Lactobacillus, 
Leuconostoc, and Pediococcus, which are used conventionally 
and traditionally as starter cultures for the fermentation of 
dairy products, vegetables, and meats because of their contri-
butions to flavor development and preservative ions (Buc-
kenhuskes, 2006; Olson, 2006; Biachini and Bullerman, 2010).
  Food-borne and food grade LAB have been studied more 
extensively than Bacillus species or propionic bacteria, and 
their antifungal activities have been reported by several au-
thors throughout the years (Plockova et al., 2001; Stiles et 
al., 2002; Biachini and Bullerman, 2010). LAB are multi-
purpose microorganisms that are useful in the food and 
livestock industries. Table 2 shows some of the studies that 
have demonstrated the antifungal activities of LAB, as well 
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Table 2. Example studies on the antifungal activity
LAB Activity spectrum

Streptococcus lactis C10 A. parasiticus
Lactobacillus casei var rhamnosus Broad spectrum
Lactobacillus reuteri Broad spectrum
Streptococcus lactis subsp. diacetilactis A. fumigatus
DRC1 and S. thermophilus 489 A. parasiticus, 

Rhizopus stolonifer
Lactobacillus spp. A. flavus subsp.

parasiticus
Lactobacillus casei subsp. pseudoplantarum A. flavus
Lactococcus lactis subsp. lactis A. flavus

A. parasiticus
Lactobacillus casei Fusarium spp.

Penicillium spp.
Lactobacillus sanfrancisco CB1 Penicillium spp.

Aspergillus spp.
Monilia spp.

Lactobacillus plantarum Broad spectrum

Fig. 2. Inhibition of P. commune NRRL 1889 by L. rhamnosus VTI (0.1, 
1.0, and 10% v/v) in mMRS broth (Stiles et al., 2002; Biachini and 
Bullerman, 2010).

Fig. 3. Inhibition of A. niger NRRL 326 by L. rhamnosus VTI (0.1, 1.0, 
and 10% v/v) in mMRS broth (Stiles et al., 2002; Biachini and Bullerman, 
2010).

as their usage in other applications, which range from 
broad to very specific among and within species.

Advantages of using Lactobacillus rhamnosus 
strains to reduce mycotoxin and Aspergillus 

Some studies reported that Lactobacillus rhamnosus can act 
as a medium for mycotoxin binders. A previous study by 
Gratz et al. (2007), using more than 250 strains of LAB iso-
lated from either dairy products or healthy human micro-
biota concluded that the efficacy of aflatoxin binding varies 
widely, depending on the genus and strain of bacteria. Pro-
biotic L. rhamnosus GG may contain hepatocarcinogen 
aflatoxin B1 (AFB1) and thus can potentially restrict its rapid 
absorption by the intestine. Two of the L. rhamnosus strains, 
namely GG and LC-705, were found to be the most effici-
ent in binding a range of mycotoxins, including aflatoxins 
(Pierides et al., 2000; Haskard et al., 2001; Peltonen et al., 
2001; Gratz et al., 2007). Carbohydrates and proteins of the 
bacterial surface components are important binding agents 
of aflatoxin B1 (Haskard et al., 2001; Gratz et al., 2007). It 
should be highlighted that heat treatment cannot reduce 
the consistency of the binding agent (Lee et al., 2003; Gratz 
et al., 2007).
  Gratz et al. (2007) indicated that L. rhamnosus GG is cur-
rently used in various dairy products, including yogurt, 
and is therefore a good candidate for assessing protective 
effects due to its usefulness to human. The studies showed 
that aflatoxin B1, bonded by probiotic bacteria, can success-
fully reduce its tissue uptake in the duodenum of chicks. 
The reduction of aflatoxin B1 from 11.1% ± 1.9% to 6.4% ± 
2.5% (P = 0.019) and to 3.3% ± 1.8% (P = 0.002) within the 
first hour in the monolayer co-incubated with L. rhamno-
sus GG (1.0 × 1010 and 5 × 1010 ml, respectively) was 
bounded to 40.1% ±8.3% and 61.0% ± 6.0% of added afla-
toxin B1 after 1 h, respectively. Aflatoxin B1 also caused sig-
nificant reductions at 30.1% (P = 0.01), 49.4% (P = 0.004), 
and 64.4% (P < 0.001) in transepithelial resistance after 24, 

48, and 72 h, respectively (Gratz et al., 2007).
  A study conducted by Stiles et al. (2002) demonstrated the 
inhibitory activity of L. rhamnosus isolated from a Czech 
tartar sauce. The study indicated that in a simultaneous an-
tagonistic assay, L. rhamnosus showed the ability to inhibit 
mycelial growth of Penicillium commune and A. niger when 
both organisms (mold and bacteria) were cultivated toge-
ther for 10 days at 30°C. Figures 2 and 3 show the inhibi-
tion of P. commune NRRL 1889 and A. niger NRRL 326 by 
using L. rhamnosus VTI (Stiles et al., 2002; Biachini and 
Bullerman, 2010), through the addition of live bacterial 
cells to cheese that was simultaneously inoculated with P. 
commune and A. niger. After 10 days of incubation, the 
growth of A. niger was inhibited by more than 70% and the 
growth of P. commune was inhibited by more than 40%.
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Fig. 5. Inhibition of A. flavus CFFC 
F0070 by using single culture and 
mixed culture of L. rhamnosus NRRL 
B-442 and S. cerevisiae in 60 h.

Fig. 4. Inhibition of A. flavus CFFC F0070 by using single culture and 
mixed culture of L. rhamnosus NRRL B-442 and S. cerevisiae.

  Stile et al. (2002) also studied the effect of L. rhamnosus 
on the growth and production of mycotoxin by Fusarium 
species, including F. proliferatum, F. verticillioides, and F. 
graminearum. The results showed a reduction of up to 63.2% 
for production of fumonisin B1 by F. proliferatum, 43.4% 
for the production of fumonisin B2 by F. verticillioides, 92% 
for the production of deoxynivalenol by F. graminearum, 
and finally 87.5% for the production of zearalenone.

Potential of mix culture L. rhamnosus and S. cerevisiae ap-
plication to increase the antifungal activity
Probiotics are living microorganisms that help to maintain 
the bacterial balance in the digestive tract of mammals when 
ingested, and which may also be included in the treatment of 
pathological conditions, such as diarrhea, candidiasis, uri-
nary infections, immune disorders, lactose intolerance, hy-
percholesterolemia, and food allergies (Nada et al., 2010). 
It also has antigenotoxic effects, especially among the spe-
cies of Lactobacillus and Streptococcus.
  Some studies discovered that Lactococcus and Bifidobacte-
rium have antimutagenicity in the Ames test and success-
fully decreased DNA damage in colon cells treated with N- 
methyl-N-nitro-N-nitroso-guanidine in an in vitro study. 
Saccharomyces cerevisiae (Sc), in particular, was proven to 
be beneficial to health in several ways through stimulation 
of intestinal microflora growth in mammals; pH modula-
tion in ruminants (which gives rise to an increase in the rate 
of cellulitic bacteria); improvement of reproductive parame-

ters in milk cows and fowl (fertility and foetal development); 
and reduction in the number of pathogenic microorganisms 
in monogastric animals. S. cerevisiae and lactic acid bacteria 
(L. rhamnosus GG and L. rhamnosus LC705), on the other 
hand, are potentially inhibited (Pool-Zoobel et al., 1996; Nada 
et al., 2010).
  A. flavus growth and aflatoxins production had been stu-
died under in vitro and in vivo conditions. Nada et al. (2010) 
conducted a study on its effectiveness in mammalian histo-
pathological through the examination of liver and kidney 
in rats treated with aflatoxin B1. It demonstrated necrosis, 
vascular degeneration and fatty changes in hepatocytes, 
cellular swelling, and convoluted tubules in renal tissue by 
pyknotic nuclei. The results also indicated a significant de-
crease in DNA content in liver and kidney tissues with afla-
toxin B1 administration. These findings were ameliorated by 
treatment with probiotic bacteria and S. cerevisiae, which 
showed the ability to inhibit the growth of A. flavus and the 
production of mycotoxins (Nada et al., 2010).
  Figures 4 and 5 present the results that demonstrate the 
potential of a mixed culture compared with a single culture 
of L. rhamnosus NRRL B-442 and S. cerevisiae, which was 
intended to inhibit the growth of A. flavus. The result indi-
cated a significant decrease in the optimal mycelium growth 
of A. flavus (37.08% in a mixed culture vs. 63.24% and 64.07% 
in single cultures of Lactobacillus and S. cerevisiae, respecti-
vely). The result suggests that the use of mixed cultures have 
higher potential to inhibit the mycelium growth than that 
of  single cultures.

Future suggestions about the usage of mix cul-
ture to develop food and feed industry

According to the European Food Safety Authority EFSA, 
(2011), L. rhamnosus is a technological additive intended 
to improve the ensiling process at a proposed dose of 1.0 × 
108 CFU/kg for fresh materials. EFSA considers L. rhamno-
sus to be a qualified safety presumption. The additive can 
potentially improve the production of silage from all for-
ages by consistently increasing the lactic acid content, pre-
serving dry matter and reducing the pH and also moderates 
the loss of protein, as determined by ammonia-nitrogen. 
Coeuret et al. (2004) indicated that there are many Lacto-
bacillus strains and yeasts (Sacchromyces cerevisiae var. bou-
rardii) that have probiotic activity. Based on research by 
Celyk et al. (2003), yeast has been used in commercial feed 
for more than a century. Yeasts and Lactobacillus are poten-
tial tools to solve the problem of mycotoxins in cereal- 
based foods and in feed (Shetty and Jespersen, 2006). Some 
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Table 3. Some commodities of mycotoxin produced by Aspergillus that will affect animals and human

Mycotoxin Producers fungus References
Commodities 

found 
contaminated

Effect of mycotoxins
Affected species 

References Pathological effects

Aflatoxin
(B1, B2, G1, G2, M1, M2)

AFB1: A. flavus

AFB2: A. flavus

AFG1 and AFG2: A. arachidicola

AFM1: A. flavus, A. parasiticus
(convert normally from AFB1)

AFM2: A. flavus, A. parasiticus
(convert normally from AFB2, 
consider less toxic compare with 
AFM1)

Wallin et al. 
(1991)

Schroeder et al. 
(1972)

Pildain et al. 
(2004)

IFIS (2009)

IFIS (2009)

Peanuts, corn, 
wheat, rice, 
cottonseed copra, 
nuts, various 
foods, milk, eggs, 
cheese, figs

Birds:
Duckling, turkey, 
poultry, pheasant chick, 
mature chicken, quail

Mammals:
Young pigs, pregnant 
sows, dog, calf, mature 
cattle, sheep,
cat, monkey, human
Fish
Laboratory animals

Hepatotoxicity
(liver damage), 
Bile duct 
hyperplasia, 
Hemorrhage, 
Intestinal tract, 
Kidneys, 
Carcinogenesis 
(liver tumors)

CAST (2003)

Citrinin A. oryzae Sakai et al. 
(2012)

Cereal grains 
(wheat, barley, 
corn, rice)

Swine, dog, laboratory 
animals

Nephrotoxicity
(tubular necrosis 
of kidney)
Porcine 
nephropathy

CAST (2003)

Cyclopiazonic acid A. flavus and A. parvisclerotigenus Pildain et al. 
(2004)

Corn, peanuts, 
cheese, kodo 
millet

Chicken, turkey, swine, 
rat, guinea pig, human

Muscle necrosis. 
Intestinal 
hemorrhage and 
edema
Oral lesions

CAST (2003)

Ochratoxin A A. alutaceus Bruinink et al. 
(1997)

Cereal grains 
(wheat, barley, 
oats, corn), dry 
beans, moldy 
peanuts, cheese, 
tissues of swine, 
coffee, raisins, 
grapes, dried 
fruits, wine

Swine, dog, duckling, 
chicken, rat, human

Nephrotoxicity 
(tubular necrosis 
of kidney) 
Porcine 
nephropathy 
Mild liver 
damage Enteritis
Teratogenesis
Carcinogenesis 
(kidney tumors)
Urinary tract 
tumors

CAST (2003)

Sterigmatocystin A. nidulans Yu and 
Leonard (1995) 

Green coffee, 
moldy wheat, 
grains, hard 
cheeses, peas, 
cottonseed

Mouse, rat Carcinogenesis, 
Hepatotoxin

CAST (2003)

commodities of mycotoxin produced by Aspergillus that 
will affect animals and human are shown in Table 3.
  This review concludes the advantage of mixed cultures of 
Lactobacillus and S. cerevisiae, which counteract the effects 
of mycotoxigenic fungi and prevent the production of the 
associated mycotoxins in human and animal food chains. 
In addition to inhibiting the growth of fungus, mixed cul-
tures (Lactobacillus and S. cerevisiae) are proposed to de-
toxify existing mycotoxin in raw materials through anaero-
bic fermentation during the ensiling process.

Acknowledgements

This study was funded in part by the research grant under 
Research University Grant’s project entitled “Production of 
Bio Organic Animal Feed from Rice Straw by Using Lactic 
Acid Bacteria” from Universiti Teknologi Malaysia.

References

Abbas, H.K., Weaver, M.A., Zablotowicz, R.M., Horn, B.W., and 
Shier, W.T. 2005. Relationship between aflatoxin production 
and sclerotia formation among isolates of Aspergillus section 
Flavi from the Mississippi Delta. Eur. J. Plant Pathol. 112, 283– 
287.

Ainsworth, G.C. and Austwick, P. 1959. Fungal Diseases of Animals, 
Bucks: Farnham Royal Commonwealth Agriculture Bureau.

Anand, R. and Tiwary, B.N. 2010. Th1 and Th2 cytokines in a self- 
healing primary pulmonary Aspergillus flavus infection in BALB/c 
mice. Cytokine 52, 258–264.

Annonimous. 2004. Outbreak of aflatoxin poisoning, Eastern and 
central provinces, Kenya, in: Morbidity and Mortality Weekly 
Report, Vol. 53, pp. 790–793.

Antonopoulou, G. and Lyberatos, G. 2012. Effect of pretreatment of 
sweet sorghum biomass on methane generation. Waste Biomass 
Valor. DOI 10.1007/s12649-012-9183-x.

Bairagi, H., Motiar, Md., Khan, R., Ray, L., and Guha, A.K. 2011. 
Adsorption profile of lead on Aspergillus versicolor: A mecha-



816 Ali et al.

nistic probing. J. Hazard. Mater. 186, 756–764.
Bennett, J.W. and Klich, M. 2003. Mycotoxins. Clin. Microbiol. Rev. 

16, 497–516.
Bennett, J.W., Machida, M., and Gomi, K. 2010. An overview of 

the genus Aspergillus, In Aspergillus. Vol. 1, pp. 1–17. Molecular 
Biology and Genomics. Caister Academic Press.

Biachini, A. and Bullerman, L.B. 2010. Biological control of Molds 
and Mycotoxins in Foods, Vol. 1, pp. 1–16. Mycotoxin Prevention 
and Control in Agriculture, In Appell, M., Kendra, D., and 
Trucksess, M. (eds.), ACS Symposium Series; American Chemical 
Society: Washington DC, USA.

Binder, E.M., Tan, L.M., Chin, L.J., Handl, J., and Richard, J. 2007. 
Worldwide occurrence of mycotoxins in commodities, feed and 
feed ingredients. Anim. Feed Sci. Technol. 137, 265–282.

Bruinink, A., Rasonyi, T., and Sidler, C. 1997. Reduction of ochra-
toxin A toxicity by heat-induced epimerization. In vitro effects 
of ochratoxins on embryonic chick meningeal and other cell 
cultures. Toxicology 118, 205–210.

Bryden, W.L. 2012. Mycotoxin contamination of the feed supply 
chain: Implications for animal productivity and feed security. 
Anim. Feed Sci. Technol. 173, 134–158.

Buckenhuskes, H.J. 2006. Selection criteria for lactic acid bacteria 
to be used as starter cultures for various food commodities. 
FEMS Microbiol. Rev. 12, 253–271.

Bush, R.K., Portnoy, J.M., Saxon, A., Terr, A.I., and Wood, R.A. 2006. 
The medical effects of mold exposure. J. Allergy Clin. Immunol. 
117, 326–333.

Celyk, K., Denly, M., and Savas, T. 2003. Reduction of toxic effects 
of aflatoxin B1 by using baker yeast (Saccharomyces cerevisiae) 
in growing broiler chicken diets. R. Bras. Zootec. 32, 615–619.

Chakrabarti, A., Sethi, S., Raman, D.S., and Behera, D. 2002. Eight- 
year study of allergic bronchopulmonary Aspergillosis in an 
Indian teaching hospital. Mycoses 45, 295–299.

Chancharoonpong, C., Hsieh, P.C., and Sheu, S.C. 2012. Effect of 
different combinations of soybean and wheat bran on enzyme 
production from Aspergillus oryzae S. APCBEE Procedia 2, 68–72.

Chang, P.K., Ehrlich, K.C., and Hua, S.S.T. 2006. Cladal related-
ness among Aspergillus oryzae islolates and Aspergillus flavus S 
and L. morphotype isolates. Int. J. Food. Microbiol. 108, 172–177.

Christensen, C.M. and Kaufman, H.K. 1969. Grain Storage, Chapter 
1, pp. 3–16. The Role of Fungi in Quality Loss. Univ. of Minne-
sota Press, Minneapolis, USA.

Ciegler, A., Lillehoj, E.B., Peterson, R.E., and Hall, H.H. 1966. Micro-
bial detoxification of aflatoxin. Appl. Microbiol. 14, 934–939.

Clinical Microbiology Proficiency testing (CMPT). 2008. Mycology 
Plus, 0801-3 Aspergillus flavus.

Coeuret, V., Gueguen, M., and Vernoux, J.P. 2004. Numbers and 
strains of lactobacilli in some probiotic products. Int. J. Food 
Microbiol. 97, 147–156.

Cole, R.J. and Cox, R.H. 1981. Handbook of Toxic Fungal Meta-
bolites. Academic Press, New York, USA.

Contesini, F.J., da Silva, V.C.F., Maciel, R.F., de Lima, R.J., Barros, 
F.F.C., and Carvalho, P.de.O. 2009. Response surface analysis 
for the production of an enantioselective lipase from Aspergillus 
niger by solid-state fermentation. J. Microbiol. 47, 563–571.

De Vries, R.P. 2003. Regulation of Aspergillus genes encoding plant 
cell wall polysaccharide-degrading enzymes; relevance for in-
dustrial production. Appl. Microbiol. Biotechnol. 61, 10–20.

Dvorockova, I. 1990. Aflatoxins and human health, CRC Press, 
Boca Raton, Fla, USA.

EFSA Panel on Contaminants in the Food Chain (CONTAM). 
2011. Scientific opinion on the risks for animal and public health 
related to the presence of T-2 and HT-2 toxin in food and feed. 
EFSA J. 9, 2481.

Fakhrul-Razi, A. and Molla, A.H. 2007. Enhancement of biosepa-
ration and dewaterability of domestic waste water sludge by fun-
gal treated dewatered sludge. J. Hazard. Mater. 147, 350–356.

Ford, S. and Friedman, L. 1967. Experimental study of the patho-
genicity of aspergilli for mice. J. Bacteriol. 94, 928–933.

Gandomi, H., Misaghi, A., Basti, A.A., Bokaei, S., Khosravi, A., 
Abbasifar, A., and Javan, A.J. 2009. Effect of Zataria multiflora 
Boiss. essential oil on growth and aflatoxin formation by Asper-
gillus flavus in culture media and cheese. Food Chem. Toxicol. 
47, 2397–2400.

Geiser, D.M., Dorner, J.W., Horn, B.W., and Taylor, J.W. 2000. 
The phylogenetics of mycotoxin and sclerotium production in 
Aspergillus flavus and Aspergillus oryzae. Fungal Genet. Biol. 31, 
169–179.

Geiser, D.M., Pitt, J.I., and Taylor, J.W. 1998. Cryptic speciation and 
recombination in the aflatoxin-producing fungus Aspergillus 
flavus. Proc. Natl. Acad. Sci. USA 95, 388–393.

Glenn, A.E. 2007. Mycotoxigenic Fusarium species in animal feed. 
Anim. Feed Sci. Technol. 137, 213–240.

Goldblatt, L. 1969. Aflatoxin: Scientific Background, Control and 
Implications. Academic Press, New York, USA.

Gong, Y., Hounsa, A., Egal, S., Turner, P.C., Sutcliffe, A.E., Hall, A.J., 
Cardwell, K., and Wild, C.P. 2004. Post weaning exposure to 
aflatoxin results in impaired child growth: A longitudinal study 
in Benin, West Africa. Environ. Health Perspect. 112, 1334–1338.

Gosh, M. and Nanda, G. 1994. Purification and some properties 
of a xylanase from Aspergillus sydowii MG49. Appl. Environ. 
Microbiol. 60, 4620–4623.

Gratz, S., Wu, K., El-Nezami, H., Juvonen, R.O., Mykkanen, H., 
and Turner, P.C. 2007. Lactobacillus strain GG reduces aflatoxin 
B1 transport, metabolism, and toxicity in Caco-2 cells. Appl. 
Environ. Microbiol. 73, 3958–3964.

Hans, P., Egmond, V., and Jonker, M.A. 2003. Worldwide regula-
tions for mycotoxins in food and feed. Summary of study, car-
ried out for the Food and Agriculture Organization (FAO), 
published by FAO, Food and Nutrition Paper, 81.

Haskard, C.A., El-Nazami, H., Kankaanpaa, P.E., Salminen, S., 
and Ahokas, J.T. 2001. Surface binding of aflatoxin B1 by lactic 
acid bacteria. Appl. Environ. Microbiol. 67, 3086–3091.

Hesseltine, C.W., Shotwell, O.T., Smith, M., Ellis, J.J., Vandegraft, 
F. and Shannon, G. 1970. Production of various aflatoxins by 
strains of the Aspergillus flavus series,  pp. 202–210. In Herzberg 
M. (ed.), Toxic Microorganisms: Mycotoxins, Washington DC, 
UJNR Joint Panels on Toxic Micro-Organisms and the US Depart-
ment of the Interior, Botulism.

Hong, S.B., Lee, M., Kim, D.H., Chung, S.H., Shi, H.D., and Samson, 
R.A. 2013. The proportion of non-aflatoxigenic strains of the 
Aspergillus flavus/oryzae complex from meju by analyses of the 
aflatoxin biosynthetic genes. J. Microbiol. 51, 766–772.

Horn, B.W. and Dorner, J.W. 1999. Regional differences in pro-
duction of aflatoxin B1 and cyclopiazonic acid by soil isolates of 
Aspergillus flavus along a transect within the United States. Appl. 
Environ. Microbiol. 65, 1444–1449.

Information Statement of Mycotoxin, Institute of Food Science 
and Technology. 2009. pp. 1–13.

International Food Information Services (IFIS) 2009. Dictionary of 
food Science & Technology, p. 9. 2nd Edition, Wiley-Blackwell. 

Kaliamurthy, J., Geraldine, J.P., and Tomas, P.A. 2003. Disseminated 
aspergillosis due to Aspergillus flavus in an experimental model: 
efficacy of azole therapy. Mycoses 46, 174–182.

Kang, S.W., Park, Y.S., Lee, J.S., Hong, S.I., and Kim, S.W. 2004. 
Production of cellulases and hemicellulases by Aspergillus niger 
KK2 from lignocellulosic biomass. Bioresour. Technol. 91, 153– 
156.

Kaushik, P. and Malik, A. 2011. Process optimization for efficient 
dye removal by Aspergillus lentulus FJ17299. J. Hazard. Mater. 
185, 837–843.

Kennedy, C.A., Adams, G.L., Neglia, J.P., and Giebink, G.S. 1997. 
Impact of surgical treatment on paranasal fungal infections in 
bone marrow transplant patients. Otolaryngol Head Neck Surg. 



Biological treatment and potential hazards of Aspergillus sp. on food 817

116, 610–616.
Klich, M.A. and Mullaney, E.J. 1987. DNA restriction enzyme frag-

ment polymorphism as a tool for rapid differentiation of Asper-
gillus flavus from Aspergillus oryzae. Experimental Mycology 11, 
170–175.

Kusimaningtyas, E., Widiastuti, R., and Maryam, R. 2006. Reduc-
tion of Aflatoxin B1 in chicken feed by using Sacchromyces cer-
evisiae, Rhizopus oligoporus and their combination. Mycopa-
thologia 162, 307–311.

Laboratory for Food and Residue Analyses (ARO) of the National 
Institute for Public Health and the Environment in Worldwide 
for mycotoxins in food and feed. 2003.

Lee, Y.K., El-Nezami, H., Haskard, C.A., Gratz, S., Puong, K.Y., 
Salminen, S., and Mykkanen, H. 2003. Kinetics of adsorption 
and desorption of aflatoxin B1 by viable and nonviable bacteria. 
J. Food Prot. 66, 426–430.

Liao, W.Q., Shao, J.Z., Li, S.Q., Wan, G.T., Da, Z.W., and Sun, Y.C. 
1998. Mycological identification of pulmonary aspergilloma 
caused by Aspergillus oryzae with proliferating heads. Chin. 
Med. J. 101, 601–604.

Lind, H., Jonsson, H., and Schnurer, J. 2005. Antifungal effect of 
dairy propionic bacteria-contribution of organic acids. Int. J. 
Food Microbiol. 98, 157–165.

Marin, S., Ramos, A.J., Cano-Sancho, G., and Sanchis, V. 2013. 
Mycotoxins: Occurrence, toxicology, and exposure assessment. 
Food Chem. Toxicol. 60, 218–237.

Meyer, V., Wanka, F., van Gent, J., Arentshorst, M., van den Hondel 
C.A., and Ram, A.F. 2011. Fungal gene expression on demand: 
an inducible, tunable, and metabolism-independent expression 
system for Aspergillus niger. Appl. Environ. Microbiol. 77, 2975– 
2983.

Morgan, J., Wannemuehler, K.A., Marr, K.A., Hardley, S., Kontoy-
iannis, D.P., and Walsh, T.J. 2005. Incidence of invasive asper-
gillosis following hematopoietic stem cell and solid organ trans-
plantation: interim results of a prospective multicenter surveil-
lance program. Med. Mycol. 43, 49–58.

Munimbazi, C. and Bullerman, L.B. 1998. Inhibition of aflatoxin 
production of Aspergillus parasiticus NRRL 2999 by Bacillus pu-
milus. Mycopathologia 140, 163–169.

In Council for Agricultural Science and Technology (CAST). 2003. 
Mycotoxins: Risks in Plant, Animal, and Human Systems, 
Ames, Iowa, USA, Task Force Report No. 139.

Nada, S.A., Amra, H.A., Deabes, M.M.Y., and Omara, E.A. 2010. 
Saccromyces cerevisiae and probiotic bacteria potentially inhibit 
aflatoxins production in vitro and in vivo studies. Internet J. 
Toxicol. 8, 1559–3916.

Novas, M.V. and Cabral, D. 2002. Association of mycotoxin and 
sclerotia production with compatibility groups in Aspergillus 

avus from peanut in Argentina. Plant Disease 86, 215–219.
Olson, N.F. 2006. The impact of lactic acid bacteria on cheese flavor. 

FEMS Microbiol. Lett. 87, 131–147.
Panda, N.K., Sharma, S.C., Chakrabarti, A., and Mann, S.B. 1998. 

Paranasal sinus mycoses in north India. Mycoses 41, 281–286.
Parenicova, L., Skouboe, P., Samson, R.A., and et al. 2000. Integra-

tion of modern taxonomic methods for Penicillium and Aspergillus 
classification, pp. 413–424. In Samson, R.A. and Pitt, J.I. (eds.), 
Harwood Academic Publishers, Singapore.

Pattron, D.D. 2006. Aspergillus, health implication & recommen-
dations for public health food safety. Internet J. Food Safety 8, 
19–23.

Peltonen, K., El-Nezami, H., Haskard, C., Ahokas, J., and Salma-
ninen, S. 2001. Aflatoxin B1 binding by dairy strains of lactic 
acid bacteria and bifidobacteria. J. Dairy Sci. 84, 2152–2156.

Pierides, M., El-Nezami, H., Peltonen, K., Salminen, S., and Ahokas, 
J. 2000. Ability of dairy strains of lactic acid bacteria to bind 
aflatoxin M1 in a food model. J. Food Prot. 63, 645–650.

Pildain, M.B., Frisvad, J.C., Vaamonde, G., Cabral, D., Varga, J., and 

Samson, R.A. 2008. Two novel aflatoxin-producing Aspergillus 
species from Argentinean peanuts. Int. J. Syst. Evol. Microbiol. 
58, 725–735.

Pildain, M.B., Vaamonde, G., and Cabral, D. 2004. Analysis of 
population structure of Aspergillus flavus from peanut based on 
vegetative compatibility geographic origin, mycotoxin and scle-
rotia production. Int. J. Food Microbiol. 93, 31–40.

Pitt, J.I., Samson, R.A., and Firsvad, J.C. 2000. Intergration of 
Modern Taxonomic Methods for (enicollium and Aspergillus 
Classification, pp. 9–50. In Samson, R.A. and Pitt, J.I. (eds.). 
Hardwood Academic Publishers, Reading, UK.

Piveteau, P. 1999. Metabolism of lactate and sugars by dairy pro-
pionibacteria: A review. Lait 79, 23–41.

Plockova, M., Stiles, J., Chemchalova, J., and Halfarova, R. 2001. 
Control of mold growth by Lactobacillus rhamnosus VTI and 
Lactobacillus reuteri CCM 3525 on milk agar plates. Czech J. 
Food Sci. 19, 46–50.

Pool-Zoobel, B.L., Neudecker, C., Domizlaff, I.J., Schillinger, U., 
Rumney, C., Moretti, M., Vilarini, I., Scassellati-Sforzolini, R., 
and Rowland, I. 1996. Lactobacillus and bifidobacterium-medi-
ated antigenotoxic in the colon rats. Nutr. Cancer 26, 365–380.

Pradeep, S. and Benjamin, S. 2012. Mycelial fungi completely re-
mediate di(2-ethylhexyl) phthalate, the hazardous plasticizer in 
PVC blood storage bag. J. Hazard. Mater. 235–236, 69–77.

Prieto, R., Yousibova, G.L., and Woloshuk, C.P. 1996. Identification 
of aflatoxin biosynthesis genes by genetic complementation in 
an Aspergillus flavus mutant lacking the aflatoxin gene cluster. 
Appl. Environ. Microbiol. 6, 3567–3571.

Punt, P.J., van Biezen, N., and Conesa, A. 2002. Filamentous fungi 
as cell factories for heterologous protein production. Trends Bio-
technol. 20, 200–206.

Riba, A., Mokrane, S., Mathieu, F., Lebrihi, A., and Sabaou, N. 2008. 
Mycoflora and ochratoxin A producing strains of Aspergillus in 
Algerian wheat. Int. J. Food Microbiol. 122, 85–92.

Riba, A., Bouras, N., Mokrane, S., Mathieu, F., Lebrihi, A., and Sa-
baou, N. 2010. Aspergillus section Flavi and aflatoxins in Algerian 
wheat and derived products. Food Chem. Toxicol. 48, 2772–2777.

Rodrigues, P., Soares, C., Kozakiewicz., Paterson, R.R.M., Lima, 
N., and Vanancio, A. 2007. Indentification and characterization 
of Aspergillus flavus and aflatoxins, 2nd ed., pp. 527-534. In 
Mendez-Vilas (ed.). Communicating Current Research and Edu-
cational Topics and Trends in Applied Microbiology, Formatex, 
Badajoz, Spain. 

Rudramurthy, S.M., de Valk, H.A., Chakrabarti1, A., Meis, J.F.G.M., 
and Klaassen, C.H.W. 2011. High resolution genotyping of cli-
nical Aspergillus flavus isolates from India using microsatellites. 
PLoS ONE 6, e16086.

Sakai, K., Kinoshita, H., and Nihir, T. 2012. Heterologous expre-
ssion system in Aspergillus oryzae for fungal biosynthetic gene 
clusters of secondary metabolite. Appl. Microbiol. Biotechnol. 
93, 2011–2022.

Samson, R.A., Hong, S.B., and Frisvad, J.C. 2006. Old and new 
concepts of species differentiation in Aspergillus. Med. Mycol. 
44, 133–148.

Sander, I., Raulf-Heimsoth, M., Siethoff, C., Lohaus, C., Meyer, H.E., 
and Baur, X. 1998. Allergy to Aspergillus-derived enzymes in the 
baking industry: Identification of β-xylosidase from Aspergillus 
niger as a new allergen (Asp n 14). J. Allergy Clin. Immunol. 
102, 256–264.

Saravanan, K., Panda, N.K., Chakrabarti, A., Das, A., and Bapuraj, 
R.J. 2006. Allergic fungal rhinosinusitic: an attempt to resolve 
the diagnosis dilemma. Arch. Otolaryngol. Head Neck Surg. 132, 
173–178.

Schroeder, H.W. and Carlton, W.W. 1972. Accumulation of only 
aflatoxin B2 by a strain of Aspergillus flavus. Appl. Microbiol. 
25, 146–148.

Scott, P.M. 1987. Mycotoxins: Review. J. Assoc. Off. Analyt. Chem. 



818 Ali et al.

Int. 70, 276– 281.
Selouane, A., Bouya, D., Lebrihi, A., Decock, C., and Bouseta, A. 

2009. Impact of some environmental factors on growth and 
production of ochratoxin A of/by Aspergillus tubingensis, A. ni-
ger, and A. carbonarius isolated from moroccan grapes. J. Mic-
robiol. 47, 411–419.

Shetty, P.H. and Jespersen, L. 2006. Saccharomyces cerevisiae and 
lactic acid bacteria as potential mycotoxin decontaminating 
agents. Trends Food Sci. Technol. 17, 48–55.

Shoji, J.Y., Maruyama, J., Arioka, M., and Kitamoto. K. 2005. 
Development of Aspergillus oryzae thiA promoter as a tool for 
molecular biological studies. FEMS Microbiol. Lett. 244, 41–46.

Sindhu, S., Chempakam, B., Leela, N.K., and Bhai, R.S. 2011. Che-
moprevention by essential oil of turmeric leaves (Curcuma longa 
L.) on the growth of Aspergillus flavus and aflatoxin production. 
Food Chem. Toxicol. 49, 1188–1192.

Stiles, J., Penkar, S., Plockova, M., Chumchalova, J., and Bullerman, 
L.B. 2002. Antifungal activity of sodium acetate and Lactobacillus 
rhamnosus. J. Food Prot. 65, 1188–1191.

Taj-Aldeen, S.J., Hilal, A.A., and Schell, W.A. 2004. Allergic fun-
gal rhinosinusitis: a report of 8 cases. Am. J. Otolaryngol. 25, 
213–218.

Thankar, A., Sarkar, C., Dhiwakar, M., Bahadur, S., and Dahiya, S. 
2004. Allergic fungal sinusitic expanding the clinicopathologic 
spectrum. Otolaryngol. Head Neck Surg. 130, 209–216.

Vaamonde, G., Patriarca, A., Fernandez, P.V., Comerio, R., and 
Degrossi, C. 2003. Variability of aflatoxin and cyclopiazonic acid 
production by Aspergillus section Flavi from different substrates 
in Argentina. Int. J. Food. Microbiol. 88, 79–84.

Varga, J., Frisvad, J.C., and Samson, R.A. 2011. Two new aflatoxin 
producing species and an overview of Aspergillus section Flavi. 
Stud. Mycol. 69, 57–80.

Verweij, P.E. and Brandt, M.E. 2007. Aspergillus, Fusarium, and 
other opportunitistic moniliaceous fungi, 9th ed., pp. 1802–1838. 
In Murray, P.R., Baron, E.J., Jorgensen, J.H., Landry, M.L., and 

Pfaller, M.A. (eds.), Manual of Clinical Microbiology. ASM Press, 
Washington DC, USA.

Wallin, J.R., Widstrom, N.W., and Fortnum, B.A. 1991. Maize 
population with resistant to field contamination by Aflatoxin 
B1. J. Sci. Food Agric. 54, 235–238.

Widstrom, N.W., Butron, A., Guo, B.Z., Wilson, D.M., Snook, 
M.E., Cleveland, T.E., and Lynch, R.E. 2003. Control of pre-
harvest a atoxin contamination in maize by pyramiding QTL 
involved in resistance to ear-feeding insects and invasion by 
Aspergillus spp. Europ. J. Agronomy 19, 563–572.

Williams, J.H., Phillips, T.D., Jolly, P.E., Stiles, J.K., Jolly, C.M., and 
Aggarwal, D. 2004. Human aflatoxicosis in developing coun-
tries: a review of toxicology, exposure, potential health con-
sequences, and interventions. Am. J. Clin. Nutr. 80, 1106–1122.

Wu, F. 2004. Mycotoxins risk assessment for the purpose of setting 
International Regulatory Standards. Environ. Sci. Technol. 38, 
4049–4055.

Wu, F. 2006. Economic impact of fumonisin and aflatoxin regula-
tions on global corn and peanut Markets, In Barug, D., Bhatnager, 
D., Van Egmond, H.P., Van der Kamp, J.W., van Osenbruggen, 
W.A., and Visconti, A. (eds.), The Mycotoxin Factbook, pp. 
83–93. Food & Feed Topics, Wageningen Academic Publishers, 
The Netherlands.

Ye, J.S., Yina, H., Qiang, J., Peng, H., Qin, H.M., Zhang, N., and He, 
B.Y. 2011. Biodegradation of anthracene by Aspergillus fumigates. 
J. Hazard. Mater. 185, 174–181.

Yu, J.H. and Leonard, T.J. 1995. Sterigmatocystin biosynthesis in 
Aspergillus nidulans requires a novel type I polyketide synthase. 
J. Bacteriol. 177, 4792–4800.

Zhang, B., Xie, C., and Yang, X. 2008. A novel small antifungal 
peptide from Bacillus strain B-TL2 isolated from tobacco stems. 
Peptides 29, 350–355.

Zinedine, A. and Manes, J. 2009. Occurrence and legislation of 
mycotoxins in food and feed from Morocco. Food Control 20, 
334–344.


