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The effect of culture medium (YES, CYA, SNM), temperature (10, 20, 25, 30 and 37°C), water activity 
(0.90, 0.95 and 0.99aw), incubation time (5, 10, 15 and 20 days) and their interactions on the fungal 
growth and ochratoxin A production by two strains (A. niger and A. carbonarius) was studied. A total 
inhibition of the growth was observed at 10°C, whatever the culture medium and the water activity. 
Generally, the increase of the temperature increases the radial growth rate. The growth was favored on 
the YES and CYA media in all temperatures tested for A. niger with a maximal growth rate at 30°C (9.91 
and 10.22 mm/day, respectively) while for A. carbonarius, the maximal growth was observed at 37°C on 
YES (6.03 mm/day). The decrease of the water activity on the SNM medium favors the growth of A. niger 
with a maximum in 0.90aw /30°C. However, the radial growth rate of A. carbonarius was faster at 
0.99aw/37°C and at 0.95aw/25°C. The biosynthesis of the OTA is favored by a temperature of 25°C on the 
SNM medium for A. carbonarius and on the YES medium for A. niger. Maximal levels were produced on 
the SNM medium by A. niger (3.0 ng/g) at 0.90aw  and by A. carbonarius (704.8 ng/g) in a high water 
activity of 0.99aw. 
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INTRODUCTION 
 
The fungal growth is one of the main causes of the 
deterioration of the foodstuffs. It not only generates heavy 
economic losses but it also represents a threat to human 
and animal health, in particular by the synthesis of 
mycotoxins. According to the organization of the United 
Nations for the food and agriculture, approximately 25% of 
foods     are     contaminated    with   mycotoxins  (I.A.R.C.,  
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1993).The Ochratoxin A (OTA) is a secondary metabolite 
produced by certain species of Aspergillus and Penicillium 
contaminant of many foodstuffs. The main sources of OTA 
in the power supply are cereals, grapes and derivatives, 
coffee and dried fruit (Battilani et al., 2006a,b; Benites et 
al., 2017; Selouane et al., 2009a; Zinedine, 2010). 

The OTA is an important public health problem because 
of its various toxic effects. It especially affects the kidneys, 
but also other organs such as the liver, heart and 
intestines(Hope et Hope, 2012; Marin et al., 2013). She 
has received particular attention because of its 
carcinogenic properties  nephrotoxic,  immunosuppressive,  



 
 
 
 
genotoxic, neurotoxic and teratogenic to the animal 
(Loboda et al., 2017; Marin et al., 2013; Pfohl-Leszkowicz 
and Manderville, 2011; Zhang et al., 2016).The OTA has 
been classified in group 2B "possibly carcinogenic to man" 
by the International Agency for Research on Cancer 
(IARC, 1993).Several human diseases can be attributed to 
this mycotoxin such as Balkan Endemic Nephropathy 
(Pfohl-Leszkowicz et al., 2002; Stoev, 2017), the Interstitial 
Nephropathy chronic and tumors of the urinary tract and 
kidney damage observed in North Africa (Filali et al., 2002; 
Zaied et al., 2011). Recently, the OTA has been suggested 
also among the man as the person responsible for a 
chronic kidney disease (Chen and Wu, 2017)and a renal 
senescence premature(Yang et al.,2017). 

The Ochratoxin A has been isolated for the first time, 
from the cultures of Aspergillus  ochraceus by van der 
Merwe et al. (1965). Other species of Aspergillus or 
Trichocomaceae (Penicillium spp.) can also produce this 
toxin in different environmental conditions. In effect, in 
temperate to cold, the OTA is produced by Penicillium, 
whereas in the warm regions for tropical climates and 
subtropical zones, it is produced by Aspergillus (Pohland et 
al., 1992; Varga et al., 1996). The production of OTA by 
Aspergillus section Nigri, was first demonstrated by Abarca 
et al. (1994). Aspergillus  carbonarius was mainly 
associated with the production of OTA in the grapes, wine 
and dried grapes in Europe (Battilani et al., 
2006a,b)whereas in Morocco this are the species of the 
Group A. niger aggregates that are responsible for this 
contamination in grapes (Selouane et al., 2009a). 

To reduce the risk of exposure of consumers to the OTA, 
preventive measures are necessary to control the growth 
of molds of producing this toxin. However, it is difficult to 
effectively achieve this objective given the complex 
interaction of several ecological factors that affect the 
development of toxigenic fungi and the production of the 
OTA. The temperature, the activity of the water and the 
nature of the substrate are the main factors that influence 
the growth and the production of mycotoxins (Astoreca et 
al., 2009a, b; Lahouar et al., 2017; Selouane et al., 2009b, 
2014). This study was conducted in order to determine how 
the culture medium, temperature, water activity and their 
interaction influence fungal growth and the production of 
OTA by two strains A. carbonarius and A. niger isolated 
from the Moroccan grape. 
 
 
MATERIALS AND METHODS 
 
Fungal strains and condition for growth 
 
Two strains isolated from black grapes of Morocco have 
been used: Aspergillus  niger (MUCL 54480) and A. 
carbonarius (MUCL 49223). The molecular identification 
has been carried out at the Catholic University  of   Louvain  
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(Mycothèque of the UCL "MUCL") according to the protocol 
described by Selouane et al. (2009b)and the two strains 
have been deposited in the collection of the mycothèque of 
the UCL. The studies were carried out in vitro on the CYA 
environments (czapek yeast autolysate agar), YES (yeast 
extract sucrose) and SNM (synthetic nutrient medium) at 
different temperatures. The interaction of temperature and 
of the activity of the water (0.90, 0.95 and 0.99aw) has 
been performed on the medium  SNM, which has a 
chemical composition close to that of the grapes between 
veraison and maturity, as suggested by belli et al. (2004). 
For this, the adjustment of the activity of the water has 
been carried out by the addition of glycerol (Belli et al., 
2004). 
 
Preparation of the spore suspension, inoculation and 
incubation 
 
The strains have been transplanted on medium CYA and 
incubated at 25°C for 7 days. The conidia were collected 
aseptically by scratching in the physiological water. 20 mL 
of medium (SNM, CYA or YES) have been paid in Petri 
dishes, and each of them has been inoculated with 10 µL 
of the suspension of the fungal spores (approximately 10

5
 

spores) in the form of a drop in the center of the box. The 
Petri dishes were then incubated at five different 
temperatures (10, 20, 25, 30 and 37°C) and four incubation 
time (5, 10, 15 and 20 days) for the production of the OTA. 
For the study of the combined effect of the activity of the 
water (0.90, 0.95, 0.99aw), temperature (10, 20, 25, 30 and 
37°C) and the time of incubation (5, 10, 15 and 20 days) on 
fungal growth and the production of the OTA, the medium  
SNM was used. 
 
Measurement of the fungal growth 
 
The Petri dishes were examined daily, the diameters of the 
colonies were measured in two directions on two 
perpendicular angles and the average radius of the colony 
was calculated. To calculate the rate of radial growth rate 
(mm/day), the linear regression of the right (radius of the 
colony as a function of time of incubation) corresponding to 
the area of linear growth has been established. The growth 
rate corresponds to the slope of this right. All experiments 
were conducted in triplicate. 
 
Extraction and analysis of OTA 
 
Ochratoxin A has been extracted according to the protocol 
described by Bragulat et al. (2001).As well, three aliquots 
of the culture (diameter = 7 mm) have been deducted from 
internal areas, average and external each colony after the 
incubation period and introduced in vials of 3 mL previously 
weighed. The weight of the culture has subsequently been 
determined. 1 mL of methanol was added and the mixture was 
agitated and then incubated at 25°C for 60 min. The extracts 
were     centrifuged         three       times      during    15 min  at  
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                                          Figure 1. Effect of culture medium 

 
 
 
 
16000 t/min and the supernatants were collected and 
filtered (Filters PVDF hydrophilic, 0.22µm) and then 
analyzed by HPLC. 

The analysis has been carried out by chromatography on 
a reverse-phase column (Zorbax SB-C18 4.6 X 250 mm, 
thickness of the film 5 µm) with detection by fluorescence 
(excitation at 332 nm and emission at 466 nm). The 
injection volume is 20 µl. The mobile phase was pumped at 
a flow rate of 1ml/min. The OTA was analyzed in isocratic 
mode (acetonitrile/water/acetic acid: 44/2/54; V/V/V). The 
identification of the OTA has been carried out by 
comparing the retention time of the peaks of the extract 
with the OTA standard (Sigma-Aldrich) and by co
The final concentration (expressed in µg/g Agar) has been 
determined on the basis of a right of calibration established 
for each series of analysis. All analyzes were performed in 
duplicate. 
 
Statistical analysis 
 
For determine the growth rate (mm/day) in each set of 
conditions, the Linear regressions of the spokes of the 
colonies in function of time (day) have been obtained by 
the program Microsoft Excel version 2010. The analysis of 
variance for the different sets of results of growth and 
production of OTA has been carried out with the help of the 
software, IBM SPSS Statistics, version 20. The observed 
values have been compared with the theoretical values by 
using the threshold of significance: α=0.05. 
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RESULTS 
 
The effect of the interaction of the culture medium, the 
temperature and the activity of the water on the fungal 
growth 
 
The effect of the interaction of the culture medium (
YES and CYA) and temperature (10, 20, 25, 30 and 37°C) 
on the radial growth of two strains 
carbonarius is presented on Figure 1. In general, the 
increase in the temperature favors the fungal growth, with 
a more rapid growth for Aniger. In effect, the 
of growth of this strain has reached 10.22 mm/day at 30°C
on medium CYA while that of 
exceeded 6.03 mm/day in all the conditions tested. No 
fungal growth was observed at 10°C, regardless of the 
culture medium for the two strains. The different 
temperatures tested, the CYA and 
growth for A. niger while for A. 
medium YES that growth is in general more rapid. The 
optimal conditions for growth are CYA
niger and YES/37°C for A. carbonarius
variance showed that the culture 
and strain as well as their interactions to two or three 
influence very significantly the rate of fungal growth 
(p=0.000). 

Figure 2 illustrates the influence of the interaction of the 
water activity and temperature on the fungal gro
strains on the medium SNM. The radial 
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                            Figure 2. Effect of temperature and water activity on radial growth rate of  

 
 
 
 
 
 
 
depending on the temperature and the activity of the water. 
At 10°C, no fungal growth was observed regardless of the 
strain and the activity of the water applied. A. niger
a rapid growth in the more low water activity (0.90aw) in a 
range of temperature between 20°C and 30°C and reached 
a maximum 9.15 mm/day to 30°C. However, an activity of 
the water of 0.95, the maximum rate was recorded at 37°C 
with a value of 7.18 mm/day. For the activity of the water to 
the higher (0.99aw), the growth was lower for all tested 
temperatures and the growth rate varies between 1.61 
mm/day (20°C) and 4.54 mm/day (30°C). As to the strain of 
A. carbonarius, radial growth was more rapid in 
activities of the water of 0.95 and 0.99aw aw (medium to 
high) with a maximum growth rate of 4.66 mm/
and 4.5 mm/day at 37°C, respectively. To 0.90
growth rate varies only between 1.03 and 2.1 mm/
similar values for the two temperatures 25°C and 30°C, 
knowing that no growth was observed to extreme 
temperatures tested (10°C and 37°C). The different 
parameters (temperature, water activity and strain) as well 
as the interactions to two and three have a very significant 
effect on the rate of fungal growth (p=0.000). 
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The effects of the culture medium, temperature, water 
activity and the time of incubation on the production of 
OTA 
 
The results of the production of OTA by each of fungal 
strains tested in this study have shown that the
conditions for the production of OTA as well as the 
maximum level achievable varied according to the culture 
medium, temperature, the water activity and
time (Figures 3 and 4). Generally, the production capacity 
of the OTA by A. carbonarius is more important than that of 
A. niger  regardless of the culture medium and the activity 
of the water. In effect, the maximum production reached by 
A. niger does not exceed 1.7 ng/g agar (25°C/15
medium YES) while production capacity by 
is multiplied by a factor of 2 to 20 times, depending on the 
time of incubation and the temperature, on the 
YES and CYA and exceeds 700 ng/g 
SNM at 25°C after 20 days of incubation. The synthesis of 
this toxin is favored by the mid SNM for 
by the mid YES for A. niger. As Figure 3 shows, the OTA is 
synthesized           by           A.       
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A. niger on SNM medium 

The effects of the culture medium, temperature, water 
activity and the time of incubation on the production of 

The results of the production of OTA by each of fungal 
strains tested in this study have shown that the optimal 
conditions for the production of OTA as well as the 
maximum level achievable varied according to the culture 
medium, temperature, the water activity and the incubation 
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     Figure 3. Interaction of culture medium, temperature and incubation time on OTA production by 

 
 
 

 

Figure 4. Interaction of temperature, water activity and incubation time on OTA production by 

 
 
 

Interaction of culture medium, temperature and incubation time on OTA production by A. niger and A. carbonarius.
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temperatures and incubation time on the three culture 
medium, although concentrations in the environment are 
low (0.03-1.68 ng/g agar). The optimal conditions for the 
productions of this toxin by A. niger are medium YES to 
25°C (0.75-1.68 ng/g agar). On this medium, the 
accumulation of the OTA in the temperature range 30-37°C 
was less than the detection limit, with the exception of a 
very low concentration detected (0.11 ng/g agar) to 
37°C/15day. On the medium CYA, the OTA has been 
detected in most of the conditions of culture 
temperature/time of incubation with a maximum at 30°C 
after 15 days of incubation (0.56 ng/g agar). The 
temperature optimum of production on this medium is 
25°C, knowing that after only 5 days of incubation the 
concentration of the OTA in the middle has reached 0.25 
ng/g agar. On the medium  SNM, the OTA has also been 
produced in the temperature range 20-37°C but the 
accumulation of the OTA is lower than on the environments 
YES and CYA. The optimal conditions for the synthesis of 
the OTA by  A. niger are a temperature of 25°C and YES 
as the culture medium (Figure 3). The optimal production 
of the OTA by A. carbonarius was also obtained at 25°C as 
temperature but on SNM as a culture medium (29.3-704.8 
ng/g agar, depending on the time of incubation). At 20°C 
and 37°C, the production of this toxin was more restricted 
on SNM (OTA not detected in most cases). On the other 
two culture medium  YES and CYA, Figure 3 shows that 
20°C appears as favorable temperature for the synthesis of 
OTA although the maximum production is obtained at 
30°C/15day on YES (5.9 ng/g agar) and 25°C/10day on 
CYA (37.4 ng/g agar). No  production of OTA was not 
detected at 25°C on the medium YES and to 30°C on the 
medium CYA regardless of the days of incubation. The 
statistical analysis of variance showed that all the factors 
taken separately (culture medium, temperature and 
incubation days) as well as their interactions a significant 
influence on the production of OTA by A. carbonarius and 
A. niger (p<0.009). 

The results of the effect of the interaction of the activity of 
the water, the temperature and time of incubation on the 
production of the OTA by A. carbonarius and A. niger on 
the medium  SNM are grouped on the Figure 4. As we 
have shown for the fungal growth, the production of the 
OTA by A. niger is also favored by an activity of the water 
low (0.90aw) with a concentration in the medium which 
varies depending on the temperature and the time of 
incubation (0.013-3.00 ng/g agar). The maximum 
production is reached at 25°C after 10 days of  incubation 
(3.00 ng/g agar). High concentrations were also measured 
in the medium at 37°C after 15 and 20 days of incubation 

(∼2 ng/g agar) and at 20°C after 10 days of incubation 
(1.56 ng/g agar). By contrast at 0.95 and 0.99aw, the 
production capacity of the OTA is more  low and also 
depends on the temperature and time of incubation (0.005-
0.285 ng/g agar). For A. carbonarius, an activity of the high 
water stimulates the synthesis   of   the   OTA.  In  fact,  the  
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concentration of this toxin in the medium SNM has reached 
704.8 ng/g agar at 25°C/0.99aw after 20 days of 
incubation. To this activity of the water, the optimum 
temperature is a production of 25°C, with a concentration 
which increases from 29.32 to 704.8 as a function of time 
of incubation. In other conditions, the concentration of the 
OTA in the mid varies from 0.108 to 22.38 ng/g agar. The 
activities of the water low (0.90aw) and moderate (0.95aw), 
concentrations the respective maximum were obtained at 

30°C (∼21 ng/g agar) and 37°C (∼70 ng/g agar). The 
statistical analysis of variance showed that all the unique 
factors (activity of the water, temperature and incubation 
days) as well as the interactions to two and three tracks 
have a significant influence on the production of OTA by A. 
carbonarius and A. niger (p<0.008). 
 
 
DISCUSSION AND CONCLUSION 
 
In order to better control the fungal growth and minimize 
the risk of exposure to mycotoxins, the objective of this 
study was to highlight the effect of the interaction of the 
culture medium, the temperature and the water activity, on 
fungal growth and the production of OTA by two strains of 
Aspergillus (A. carbonarius and A. niger) isolated from the 
black grape Moroccan. The results have shown that the 
fungal growth was completely inhibited at 10°C, regardless 
of the medium and the activity of the water. Selouane et al. 
(2009b, 2014) have also reported the total inhibition of 
growth at 10°C strains of A. niger, A. tubingensis and A. 
carbonarius isolated from the Moroccan grape regardless 
of the factors studied (culture medium, temperature and 
water activity). 

The two strains were grown in a wide range of 
temperature (20-37°C) with a speed of rapid growth for A. 
niger on CYA and YES and lower rates and relatives with 
those of A. carbonarius on SNM (Figure 1). In effect, in 
most of the combinations of temperature tested, CYA and 
YES Promote better development of A. niger with a 
maximum rate similar to 30°C (10.22-9.90 mm/day), then 
that is the SNM and YES who show themselves to be more 
favorable to the growth of A. carbonarius in a temperature 
range of 25-37°C and 20-37°C respectively, knowing that 
the maximum growth of this strain has been registered on 
the medium YES to 37°C (6.03 mm/day). The two medium 
CYA and YES, have also been reported as favorable to the 
growth of the strains of Aspergillus isolated from the 
Moroccan grape (A. carbonarius, A. tubingensis and A. 
niger) between 30-37°C (Selouane et al., 2014), while on 
the medium  SNM, the optimum for the growth of these 
strains was found at a lower temperature (25°C) (Selouane 
et al., 2009b). 

Our study has also shown that a rapid growth of A. niger 
has been observed in the activities of the water 0.90 and 
0.95aw with a maximum at 30°C/0.90aw and at 
37°C/0.95aw while the activities of the  water   of  0.95  and  
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0.99aw caused a better growth of A. carbonarius in noting 
a maximum growth rate similar (4.66-4.50 mm/day) to 
25°C/0.95aw and at 37°C/0.99aw (Figure 2). A behavior 
close to these strains screw to screw the water activity and 
temperature, has been reported for strains of A. 
carbonarius isolated from dried grapes of Argentina with 
maximum growth rates of 15-17.46 mm/day to 
0,95aw/30°C (Romero et al., 2007) and for strains of A. 
carbonarius, A. tubingensiset A. niger isolated from grapes 
Moroccans and grown on a medium with SNM in general a 
radial growth maximum at 0,95aw/25°C (Selouane et al., 
2009b). Garcia-Cela et al. (2014),have also studied the 
impact of temperature and of the activity of the water on 
the strains of A. niger, A. tubingensis and A. carbonarius 
isolated from the bays of different regions of Spain and 
grown on medium SNM. Their results showed that the 
strains of A. carbonarius in the northeast were better 
adapted to colder temperatures, whereas strains of the 
South could push in drier conditions. A. tubingensis and A. 
niger showed maximum temperatures of growth higher 
than that of A. carbonarius and the activities of the 
minimum water are low (> 45°C and 0,83aw for A. niger 
and A. tubingensis against 40-42°C and 0,87aw for A. 
carbonarius). According to these authors, A. tubingensis 
and A. niger would be more widespread than A. 
carbonarius since they are better adapted to extremely 
high temperatures and drier conditions in the case of 
scenarios of climate forecasts drier and warmer. 

In relation to the synthesis of the OTA, the production 
capacity of this toxin by A. cabonarius is more important 
than that of A. niger, regardless of the culture medium 
tested (Figure 3). In effect, A. carbonarius product up to 
7000 times more than A. niger on the medium  SNM at 
25°C after 20 days of incubation. Other works have also 
reported this high capacity of production of the OTA by A. 
carbonarius  compared to that of A. niger  (Garcia-Cela et 
al., 2014; Passamani et al., 2014). 

Our results have shown that the optimal conditions for 
production of the OTA are a temperature of 25°C and a 
water activity of 0.99aw for A. cabonarius against 0.90aw 
for A. niger. However, this toxin may also be produced by 
the two strains between 20 and 37°C to different conditions 
(aw/middle) tested (Figure 3-4). These results are in 
agreement with some studies have showed that the 
isolates ochratoxigéniques can produce the OTA in the 
temperature range located between 15 and 40°C(Alborch 
et al., 2011; Astoreca et al., 2009a,b), with an optimum 
which depends on the conditions of culture. In addition, 
Patharjan et al. (2011) have shown that the maximum 
production of OTA has been obtained at 30°C/0.98aw for 
the three strains of A. carbonarius isolated from grapes of 
the North of Italy. Conversely, Esteban et al. (2006a,b) 
have pointed out that the maximum quantities of OTA were 
synthesized on medium CYA at lower temperatures, 
located between 15-20°C (0.94-0.99aw) for A. carbonarius  
 

 
 
 
 
and between 20-25°C (0.98-0.99 aw) for A.  niger  
agregats.  

In the case of Moroccan strains, Selouane et al. (2009b, 
2014) have shown that the maximum of OTA has been 
produced to 25-30°C/0.95-0.99aw for A. carbonarius and 
30-37°C/0.90-0.99aw for A. niger  agregats. 

The incubation time is another critical factor which also 
affects the production of OTA. In effect, the maximum 
production was obtained at 25°C after 10 to 20 days for A. 
carbonarius and A. niger on SNM and YES, respectively. A 
period of five days of incubation was sufficient to produce 
this toxin by A. carbonarius (Figure 3). In general, the 
production of OTA increases as a function of incubation 
time but sometimes the reverse phenomenon has been 
observed. Such a decrease could be explained by a partial 
loss of the toxin when its degradation in other derivatives 
as the ochratoxin α by the strain itself, as suggested by 
Varga et al. (2000) and Abrunhosa et al. (2002). A similar 
decrease in the concentration of OTA with a period of 
prolonged incubation has been reported for strains of A. 
carbonarius and A. niger  agregats  (Esteban et al., 2006a, 
b; Selouane et al., 2014). 

In addition, our results showed that the conditions 
favorable for the growth of fungal strains differ from those 
of the production of OTA. In effect, the optimal temperature 
for growth was higher than that of the synthesis of the 
OTA. The maximum growth rates were observed at 30°C 
on CYA and at 37°C on the medium YES and SNM for A. 
carbonarius, whereas the maximum quantities of OTA 
have been determined on the medium  SNM at 25°C. On 
the Three culture media tested (CYA, YES, and SNM), the 
highest growth rate in A. niger has been recorded at 30°C, 
while the maximum of OTA was found at 25°C (Figures 1 
and 3). This confirms the results found by other 
researchers as those of Iannidis et al. (2015) who also 
demonstrated that the conditions favorable for the growth 
of the strains of A. carbonarius on mid to basis of grape 
juice were 30-35°C/0.96aw, while the synthesis of OTA 
was more favorable to 20°C/0.98aw. On the grain of maize, 
Alborch et al. (2011) indicated that  A. carbonarius and A. 
niger, were able to develop under the effect of a 
temperature of 30-35°C and 25-30°C, respectively. 
However, the maximum of the OTA was produced at a 
temperature of 15°C at a water activity of 0.98aw. In this 
same sense, the strains of A. niger  agregats  isolated the 
grain of maize (Astoreca et al., 2009a) and A. niger  
agregats  isolated the grain of peanuts (Astoreca et al., 
2009b) from Argentina, believe favorably to 30°C/0.951aw 
and at 30°C/0.995aw, respectively; whereas the maximum 
production of OTA was generally obtained at 
25°C/0.973aw  (Astoreca et al., 2009a,b). On a culture 
medium semi-synthetic base to grape juice, a study carried 
out by Passamani et al. (2014)has also shown that the 
optimal conditions to produce the toxin are generally 
different from those of the fungal growth. In effect, strains 
of A. carbonarius and A. niger have shown  respectively   a  



 
 
 
 
strong growth to 20-33°C/0.95-0.98aw and at 24-
37°C/0.95aw; while the larger quantities of  the  OTA  were  
produced by these strains (10 µg/g and 7.0 µg/g, 
respectively) at 15°C/0.99aw.More recently, and for the 
purpose of assessing the mycelial growth and the 
production of the ochratoxin A from three strains of 
Aspergillus  carbonarius (isolated from grapes) and three 
strains of A. ochraceus (isolated from the coffee) on 
different culture medium (YES, medium with a basis of 
extracts of coffee, extract from wheat and extract of maize) 
and two temperatures (15 and25°C), De Souza et al. 
(2016),have shown that all strains have presented a rate of 
growth the higher at 25°C and on the medium  YES; 
however, the greater production of OTA was recorded at 
15°C/ YES (29,83 µg/g) by the strains of A. carbonarius. 

This study has revealed that the two strains studied A. 
niger and A. carbonarius can produce the OTA in different 
culture medium and in a wide range of temperature and 
water activity. This shows that the knowledge of the 
conditions of production of the OTA is necessary to 
develop management practices and appropriate fight. 
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