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INTRODUCTION

Fungi, being extensively abundant around the planet, 
are extremely important for the food, beverage and 
pharmaceutical industries where they play both ecological 
and economic roles (Kavanagh, 2017). Of  the filamentous 
fungi, the genus Aspergillus is principally responsible for 
food contamination, such as in cereals where they cause 
deterioration, reduction in nutritional values, alteration 
of  sensory quality, and since certain species produce 
mycotoxins they have become a matter of  public health 
(Zulkifli and Zakaria, 2017).

Maize, also known as corn, is one of  the principal cereals 
produced in the world (Zea mays L.), and is used in both 
animal and human feeding. Brazil occupies a prominent 
place in world maize production (Ranum, Peña-Rosas, and 
Garcia-Casal, 2014). However, maize production suffers 
large losses annually from several causes, one of  these is 
microorganisms such as fungi of  the genus Aspergillus spp.
(Munkvold et al., 2018).

Food-borne diseases are a growing problem in public 
health, and to achieve successful pathogen control in the 
manufacture and storage of  food products requires the use 
of  preservation techniques (Hyldgaard et al., 2012). Thus, 
natural products have been increasingly studied and used 
in alternative products to control microorganisms (Oliveira 
et al., 2014). Terpenes are considered the most common 
class of  substances found in plants. When isolated from 
essential oils, the phytochemicals carvacrol and thymol are 
excellent examples of  phenolic monoterpene isomers which 
present antimicrobial activity, (Abbaszadeh et al., 2014).

This study aimed to investigate the in vitro antifungal 
activity of  carvacrol and thymol against certain strains of  
Aspergillus, and to test their applicability as protective food 
ingredients in a maize grain contamination model.

MATERIAL AND METHODS

Three Aspergillus spp. fungal strains (A. flavus ATCC-13013; 
A. fumigatus ATCC-40640; and A. niger LM-27) were 
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provided by the Mycology Laboratory of  the Department 
of  Pharmaceutical Sciences, at the Federal University of  
Paraíba. The fungal strains were incubated in Sabouraud 
Dextrose Agar (SDA- Difco®) for 7 days, at 28°C. The 
fungal colonies were suspended in a sterile saline (0.9% 
NaCl) solution. The suspension density of  each strain 
was adjusted to a value of  70% ±2 transmittance, which 
corresponds to an inoculum of  approximately 1-5x106 
colony-forming units per milliliter (CFU/mL), using a 
spectrophotometer at 530 nm (CLSI, 2002).

MIC determination was performed by microdilution 
technique using RPMI medium (CLSI, 2002). The drug 
emulsions were prepared dissolving previously calculated 
amounts of  the phytochemicals carvacrol and thymol 
(Sigma Aldrich®, Brazil) in 50 μl of  Tween 80 (Polysorbate 
80), and RPMI medium. The drugs were tested from 
16 μg/mL to 2048 μg/mL. Three controls were performed: 
a fungal control to observe the viability of  the strain, 
containing only the RPMI medium and inoculum; a sterility 
control, using only the culture medium without inoculum; 
and a control to verify possible interference in the results 
containing the culture medium, inoculum, and Tween 80 at 
the same concentration used for drug solubilization. The 
plates were sealed and incubated at 28°C for up to 7 days for 
reading. The lowest concentration of  these drugs capable 
of  inhibiting fungal growth by 100% as observed in the 
wells was determined as the MIC value.

To determine the MFCs, an aliquot of  10 μL was removed 
from each well presenting no fungal growth and then 
seeded on a plate containing SDA and incubated at 28°C 
for 7 days. The CFU value was then determined and the 
MFC was considered as the lowest seeded concentration 
presenting less than 3 CFUs (Klepser and Pfaller, 1998; 
Espinel-Ingroff  et al., 2002).

Analysis of  test drug interference on fungal mycelial growth 
was performed by measuring radial mycelial growth in 
SDA medium and using MIC and 2xMIC as the test drug 
concentrations. A negative control (absent drug) was also 
performed. The entire system was incubated at 28°C for a 
total of  7 days; radial mycelial growth was recorded daily 
(Khan and Ahmad, 2011).

The maize (corn), fit for human consumption, was 
provided by the Department of  Agriculture of  Cuité-
PB city. The grains were dried at 40°C for 48 hours to 
reach approximately 14% moisture. Only grains that did 
not appear to be diseased were used. The healthy maize 
grains were packed into Erlenmeyers and autoclaved for 
15 minutes at 121°C (Dambolena et al., 2010). The drugs 
were distributed to test tubes at the test concentrations 
(MIC and 2xMIC), diluted in sterile distilled water, the 

autoclaved grains (immersed for 1 minute in 200 μL of  the 
fungal inoculum at 106 CFUs/mL) were then transferred 
to the tubes, being 10 grains of  possibly infected maize 
in each tube. The tubes were then incubated at 28ºC for 
7 days and visual analysis was performed. The next step 
was to distribute the grains from the tubes to Petri dishes 
containing potato dextrose agar (Difco®, Brazil) medium 
with chloramphenicol to determine the presence or absence 
of  fungal growth; daily reading was performed. A fungal 
control containing only medium and infected maize 
grains, and a sterile control using only medium and sterile 
grains were also performed. Another control containing 
medium, infected maize grains, and Tween 80 (at the same 
concentration used for drug solubilization to verify its non-
interference in the results) was also performed.

The effect of  drug vapors on infected grains was also 
evaluated. After an identical infection induction process, 
10 grains were placed in disposable Petri dishes, each 
containing 90 mm filter paper soaked in the MIC and 2xMIC 
concentrations of  the test drugs (inside the Petri dish lid). 
The plates were quickly sealed and incubated at 28°C for 
24 hours. To identify the presence of  infection (by growth 
in medium) the grains were transferred to Petri dishes with 
potato dextrose agar containing chloramphenicol (10 grains 
per plate), and then incubated at 28°C for 7 days; reading 
was done daily (Mennitti et al., 2010).

The experiments were performed in triplicate. MIC and 
MFC values were expressed as modal values, and the 
mycelial growth results were compared statistically using the 
unpaired t-test. The results of  the maize grain conservation 
assay were expressed as mean ± SD of  percentage of  
infected grains; the data were compared statistically using 
the Fischer test. A p <0.05 was considered significant.

RESULTS AND DISCUSSION

The MICs for carvacrol found in this study for the strains 
of  A. flavus, A. fumigatus and A. niger were respectively 
512 μg/mL, 256 μg/mL, and 64 μg/mL. For thymol, 
no MIC at the any concentration tested for the A. flavus 
strain was observed. For the A. fumigatus strain the MIC 
was 1024 μg/mL and for A. niger it was 128 μg/mL. 
The fungal control containing only RPMI medium and 
inoculum presented growth in all wells of  the microdilution 
plate; as did the control containing RPMI, inoculum, and 
Tween 80 medium (demonstrating the absence of  Tween 
80 interference in the experiment. There was no growth 
in the sterility control which contained only the culture 
medium, guaranteeing a viable execution of  the method. 
Once the MICs were determined, the next step was to 
determine the minimum fungicidal concentrations (MFCs) 
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for strains that had MICs lower than 1000 μg/mL. The 
MFC determined for the A. niger strain was equivalent to 
its MIC value, whereas for the A. flavus and A. fumigatus 
strains the MFC values were four times the MIC values.

The effect on fungal mycelial growth of  the two 
phytoconstituents was also evaluated. In Figs. 1 and 2 it 
can be seen that carvacrol (MIC and 2xMIC) was able 
to reduce radial mycelial growth for the A. fumigatus and 
A. flavus strains tested (p <0.05). As in the MFC testing, 
thymol was only applied against the A. niger strain, and it 
may be observed in Fig. 3, both phytochemicals presented 
similar values at the concentrations tested, also presenting 
a standard deviation for growth on the fifth day of  reading 
(p<0.05).

Monoterpene antifungal activity has been observed in 
other studies; demonstrating that the antimicrobial action 
mechanism of  phenolic compounds such as carvacrol and 
thymol are similar; interaction with cell membranes causing 
structural and functional damage (Perricone et al., 2015). 
In a study by Zabka et al. (2013), evaluating the efficacy 
of  21 phenolic compounds against strains of  filamentous 
and toxigenic (A. flavus and A. fumigatus), the MIC values 
for thymol varied between 76-255 μg/mL. For carvacrol, 
the MIC values varied between 131-262 μg/mL. Both were 
considered promising phenols, since of  the compounds 
tested they presented the greatest efficacy.

Since maize (when infected by fungi) constitutes an 
important source of  inoculum whose pathogens may cause 
seed rot, the next step was to study potential preservative 
activity for thymol and carvacrol in a maize contamination 
model (Fig. 4). The grains of  maize were stored in solutions 
containing the test drugs at the desired concentrations, 
due to the MIC values already found (Fig. 5) thymol was 
only tested on the A. niger strain. After 7 days in storage, 
grains not appearing to be infected were transferred to 
Petri dishes containing potato dextrose agar, the following 
graphs demonstrate the fungal growth in the grains as a 
function of  time.

During storage the control tubes presented visible fungal 
growth, whereas the tubes containing the carvacrol 
solution and grains (possibly infected with A. flavus 
and A. fumigatus), presented no growth. However when 
these grains were transferred to Petri dishes, visible 
fungal growth was observed at two days of  incubation, 
indicating that carvacrol presented inhibitory activity 
only while in contact with the grains. For the A. niger 
strain, in the maize grain contamination model neither 
carvacrol nor thymol presented inhibitory activity in the 
concentrations studied.

Fig 1. Radial mycelial growth (mm) of Aspergillus fumigatus in the 
presence and absence of carvacrol. *Compared with control on fifth 
day (p < 0.05).

Fig 2. Radial mycelial growth (mm) of Aspergillus flavus in the presence 
and absence of carvacrol. *Compared with control on fifth day (p < 0.05).

Fig 3. Radial mycelial growth (mm) of Aspergillus niger in the presence 
and absence of carvacrol (A) and thymol (B). *Compared with control 
on fifth day (p < 0.05).

A

B
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al. (2014) tested Origanum vulgare essential oil and confirmed 
it as a good alternative for control and protection against 
Aflatoxin B1 in maize grains. The presence of  mycotoxins 
in the present study was not evaluated, but this is a pertinent 
line of  study that may be pursued in further work.

Despite the efficacy observed for essential oils and their 
constituents against food-borne pathogens in in vitro tests, 
the same efficacy in food products generally requires 
higher concentrations (Avila-Rosa et al., 2012). In this 
context, the use of  drug vapors may be beneficial in food 
applications since (with vapor) there are fewer interactions 
affecting the sensory properties of  the food. Thus, our 
results for terpene vapors and maize grain reveal that 
though the substances tested are quite volatile, they may 
suffer interference from various environmental and storage 
factors (Passone et al., 2013).

Consumers are increasingly aware of  the effects that 
synthetic food additives can cause, and increasingly reject 
products with such additives. This creates demand for more 
natural products. Studies on the use of  natural volatile 
compounds as alternatives are increasing. The choice 
of  plants historically used in alternative medicine whose 
safety has been proven builds consumer confidence. Thus, 
purchases of  “green products” bring the larger economic 
benefit of  increasing demand for a wider range of  plants 
(Tongnuanchan and Benjakul, 2014).

CONCLUSIONS

From the results we conclude that carvacrol presents in vitro 
antifungal activity against all of  the strains of  Aspergillus spp. 
tested under the evaluated conditions. Yet, at the concentrations 
used, thymol did not present activity for the A. flavus strain. 
In the maize grain contamination model, carvacrol proved 
to be more effective than thymol, which makes carvacrol a 
good choice for future studies concerning food applications. 
It is important to emphasize that more studies are needed in 
this area to understand interactions between monoterpenes 
and food matrices, synergistic interactions between essential 
oil components, and to reduce negative physicochemical and 
sensory effects on food characteristics.
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Fig 5. Effects of carvacrol concentrations on the growth of Aspergillus 
fumigatus (A) and Aspergillus flavus (B) on experimentally infected 
maize grains. *p < 0.05 when compared to control (Fischer test), per 
day of analysis.
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Fig 4. Maize grains infection test. A: Grains of maize in test tubes 
after 7 days of contact with sub-inhibitory test drug concentrations (no 
apparent infection). B and C: fungal growth in dextrose potato agar 
after 48 hours of incubation.
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All of  the tests involving with terpene vapors at both the 
MIC and 2xMIC concentrations presented fungal growth 
on the maize grains at two days of  incubation; indicating 
the inefficiency of  these terpene vapors as applied to 
the strains studied. Our results present relevant data and 
confirm the potential of  carvacrol and thymol as food 
preservatives against Aspergillus spp. In a model of  maize 
grains experimentally contaminated with A. flavus, Esper et 
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