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Abstract
Fusarium infections result in reduced maize grain (Zea mays L.) yields and notable impacts on human and animal health. 
Research involving natural products to control fungi in food is a promising alternative. Combinations of α-bisabolol (AB) 
and sodium chloride (NaCl) may suggest the use of lower effective concentrations of the drugs. This study aimed to evaluate 
the antifungal potential of AB associated with NaCl against Fusarium oxysporum strains isolated from maize. Minimum 
inhibitory concentrations (MICs) values of AB and NaCl were determined by microdilution, and an association study was 
performed (checkerboard). Effects on fungal mycelial growth (poisoned substrate technique) and a maize grain contamina-
tion model were analyzed. AB presented MIC values ranging from 128 and 1024 μg/mL; NaCl inhibited fungal growth at 
16,384 μg/mL. The AB/NaCl association study revealed synergism by decreasing inhibitory concentrations by eight times. 
In corn kernels, AB and NaCl, whether isolated (at MIC) or in association (at sub-inhibitory concentrations), significantly 
inhibited in vitro mycelial growth (P < 0.05). Further analysis of liquid from a canned maize sample also revealed the fungi-
static effects of the compounds associations (P < 0.05). The results confirm the antifungal potential of AB, whether isolated 
or in association with NaCl to control F. oxysporum in maize.
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Introduction

Maize (Zea mays L.) is the largest agricultural crop in the 
world. In Brazil, maize is one of the most important crops, 
with the country being among the main producers and con-
sumers in the world. With its good nutritional composition 
(starch, oil, balanced proteins, and carotenoids), this cereal 
plays an important role in human and animal health [1]. 
Maize, configured as a food with economic and cultural 
relevance, is present in many traditional culinary prepara-
tions in Brazil, especially in the Northeast [2].

A great number of fungi attack and interfere in maize 
grain development, and research emphasizing the micro-
biological safety of this cereal is thus relevant [3]. Fusar-
ium oxysporum brings more than 100 host-specific strains, 
many of which have worldwide distributions [4]. A major 
concern in maize production is rot, caused by Fusarium 
spp., which results in yield losses, reduction of seed qual-
ity and the accumulation of mycotoxins in the harvested 
grains [5]. The most common Fusarium mycotoxin groups 
are trichothecenes, zearalenone, and fumonisins; for often 
being detected in maize, and owing to their toxicity and 
carcinogenicity in humans and animals, they have received 
wide attention [6].

The use of salts, such as sodium chloride (NaCl), for 
microbial control has been practiced for years. NaCl 
reduces water activity in food, and (through osmotic stress 
and ion toxicity) inhibits fungal growth [7]. However, high 
salt or sodium intake is associated with elevated blood 
pressure. Meta-analysis has revealed the magnitude of 
blood pressure reduction when lowering sodium intake and 
a dose–response relationship in hypertensive older popu-
lations [8]. Reducing salt intake is a worthy objective for 
advancing public health worldwide [7]. In fact, reports on 
microbial tolerance or adaptation, suggest that reducing 
sodium in food can also effect food safety [9].

To avoid problems related to high sodium intake when 
fighting fungal contamination, one alternative is to use 
natural vegetable products, since they are environmen-
tally safe and easily biodegradable. In addition, they can 
increase the antifungal effectiveness of conventional prod-
ucts like salts [10]. User concern with other preservatives 
has resulted in increased use of natural antimicrobials such 
as essential oils and their compounds [11]. Plant-based 
compounds such as essential oils and terpenes are well 
tested for their bio-efficacy in the management of wide 
range of fungal diseases in plants.

The monocyclic sesquiterpene alcohol α-bisabolol (AB) 
is found in a variety of aromatic plant essential oils: such 
as Matricaria chamomilla, Eremanthus erythropappus, 
Smyrniopsis aucheri, and Salvia runcinata [12]. A num-
ber of pharmacological and biological effects have been 

reported for AB, including antimicrobial activity [13]. Yet 
the scientific literature lacks information on the antifungal 
potential of AB against maize contaminating fungi such as 
F. oxysporum. Therefore, we have evaluated the protective 
potential of AB (whether isolated or combined with NaCl) 
on maize grain contamination by F. oxysporum.

Materials and Methods

Drugs

α-Bisabolol and NaCl were purchased from Sigma-Aldrich® 
(Brazil). Solutions were freshly prepared for the tests by 
dissolving AB first in dimethylsulfoxide (DMSO) and NaCl 
in sterilized distilled water to obtain a concentration of 
1024 µg/mL. From this concentration, dilutions were per-
formed to achieve a concentration of 1 µg/mL using RPMI 
1640 medium (Sigma-Aldrich®, Brasil).

Fungal Inocula

The strains of F. oxysporum 73, 105, 132, 134, 136, 141 
isolated from maize grains were adequately identified [14]. 
The fungal strains belong to the Colección de Cultivos de 
Microorganismos de la Universidad Nacional de Assun-
ción (Paraguay). The fungi were grown in potato dextrose 
agar (Difco®) at 28 °C for 7 days. The fungal inocula were 
obtained in sterile saline (0.85% NaCl). The resulting mix-
ture of conidia and hyphae fragments was transferred to ster-
ile test tubes. After stirring for 15 s, each inoculum rested 
for 3 min and the supernatant was collected. Turbidity of the 
final inocula was adjusted to 5 × 106 CFU/mL, at a wave-
length of 530 nm, and transmission adjusted to 68–70% in a 
UV-5100 Spectrophotometer [15].

Minimum Inhibitory Concentration (MIC)

MIC values of the drugs test were determined against 
Fusarium strains by microdilution technique using 96-well 
flat bottom micro-titer plates [15]. To each row of the plate 
was added 100 µL of the diluted test drugs in RPMI 1640 
(Sigma-Aldrich®-Brazil). To each well of the plate was 
added 100 µL of a previously prepared inoculum diluted 
in RPMI 1640 at a ratio of 1:50. A fungal control was per-
formed by replacing the test drug using sterile saline (growth 
control). A sterility control was also performed, using only 
the culture medium, without the inoculum. A control with 
DMSO (0.5%) was also performed. The plates were sealed 
and incubated at 28 °C for 7 days. MIC was the lowest con-
centration of drugs capable of inhibiting observed fungal 
growth in the wells.
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Association Studies

The effect of the association of AB with NaCl was deter-
mined by the checkerboard technique, using 96 well flat bot-
tom micro-titer plates. For this, different concentrations of 
the test drugs in RPMI 1640 were used (8 × MIC, 4 × MIC, 
2 × MIC, 1 × MIC, 1/2 MIC, 1/4 MIC, 1/8 MIC). An aliquot 
of 50 μL of NaCl was then added to the wells of the plate 
in a vertical sense, and then 50 μL of a specific AB dilution 
was added in the horizontal direction of the plate. Finally, 
100 μL of inoculum was added. The plates were sealed 
and incubated at 28 °C for 7 days for MIC readings. In the 
context of evaluating the activity of the drug associations, 
the fractional inhibitory concentration index (FICI) was 
calculated as the sum of:  FICA + FICB, where A represents 
AB; and B represents NaCl. The  FICA = (MICA combined)/
(MICA alone), while the  FICB = (MICB combined)/(MICB 
alone). The FICI was interpreted in the following way: syn-
ergism (<0.5), additivity (0.5–1), indifference (>1 and <4), 
or antagonism (>4) [16].

Effects on Mycelial Growth

The effects of the test drugs on the radial mycelial growth 
of F. oxysporum 134 were analysed using the poisoned sub-
strate technique. Briefly, a 5 mm diameter was cut from 
the 7-day-old fungal culture grown on potato dextrose agar 
(Difco®) and placed onto the petri plates with 10 mL of Sab-
ouraud dextrose agar and drugs-test as follows: AB (MIC), 
NaCl (MIC), AB (1/8 MIC) + NaCl (1/8 MIC), AB(1/4 
MIC) + NaCl (1/4 MIC), AB (1/2 MIC) + NaCl (1/2 MIC). 
A control without drugs was performed. All the plates were 
incubated at 28 °C for 7 days. The diameter of the radial 
growth of the fungi was recorded daily up to 7 days [17].

Effects on Contamination in Maize Grains

Two groups of maize grains were used: grains for human 
consumption provided by the Department of Agriculture 
(Cuité, Brazil) and grains for animal consumption provided 
by the National Supply Company (Brazil). The healthy maize 
grains were dried at 40 °C for 48 h to reach approximately 
14% moisture. Only grains that did not appear to be diseased 
were used. The grains (300 g) were packed into Erlenmeyers 
and autoclaved for 15 min at 121 °C [18]. Initially, the auto-
claved grains were immersed for 1 min in 200 μL of the fun-
gal inoculum  (106 CFU/mL) of F. oxysporum 134, and then 
ten grains were transferred to sterile tubes contained drugs-
test as follows: AB (8 × MIC, 4 × MIC, 2 × MIC, 1 × MIC, 
1/2 MIC, 1/4 MIC, 1/8 MIC), NaCl (8 × MIC, 4 × MIC, 
2 × MIC, 1 × MIC, 1/2 MIC, 1/4 MIC, 1/8 MIC), and asso-
ciations of AB and NaCl (MIC + MIC, 1/2 MIC + 1/2 MIC, 
1/4 MIC + 1/4 MIC, 1/8 MIC + 1/8 MIC). In the control 

groups, sterile distilled water was added. The solutions cov-
ered all the grains in tubes during the experiment (canning 
liquid). Finally, the tubes were then incubated at 28 °C for 
7 days and visual analysis was performed. After that, we 
determined the incidence of contaminated maize grains (%). 
The contaminated grains showed mycelial growth on the 
surface. After this step, the canning liquid was analyzed in 
order to verify if the fungal structures present were viable. 
For this, 10 µL of the canning liquid from each tube was 
transferred onto the petri plates with 10 mL of Sabouraud 
dextrose agar and incubated at 28 °C for 7 days for analysis 
of fungal growth (CFU/mL) [19].

Statistical Analysis

All assays were performed in triplicate. MIC values obtained 
were the same in the replicates, then the results were 
expressed in modal values. The results of mycelial growth, 
contamination in maize grains and canned liquid tests were 
expressed as mean ± standard deviation (SD). Statistical 
evaluation of the results was done using the unpaired t test 
to determine significant differences, with a value of P < 0.05.

Ethical Statement

We registered our research with the Genetic Heritage Man-
agement Council (SisGen, in Portuguese) under number 
A848F8C. Also, a patent was registered in Brazil (2018) 
from these results, with code BR 1020180743910.

Results

The MIC values for AB and NaCl against strains of F. 
oxysporum are presented in Table 1. Both compounds inhib-
ited the growth of the tested strains. However, AB presented 
lower MIC values (ranging from 128 and 1024 μg/mL) than 
NaCl which inhibited fungal growth at 16,384 μg/mL. The 
control (absence of drugs) permitted the growth of all F. 
oxysporum strains tested, proving fungal viability. At the 

Table 1  Minimum inhibitory concentration (MIC) of α-bisabolol 
(AB) and NaCl against strains of Fusarium oxysporum 

a Modal value of three experiments

Strains AB (µg/mL)a NaCl (µg/mL)a

Fusarium oxysporum 73 256 16,384
Fusarium oxysporum 105 1024 16,384
Fusarium oxysporum 132 128 16,384
Fusarium oxysporum 134 128 16,384
Fusarium oxysporum 136 128 16,384
Fusarium oxysporum 141 128 16,384
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concentration tested (0.5%), DMSO did not prevent fungal 
growth.

An association study for AB and NaCl was also per-
formed for evaluating changes in their respective MIC val-
ues against F. oxysporum 134. The purpose was to verify 
the inhibitory efficacy of sub-MIC concentrations of AB 
and NaCl in combination. The results revealed an eightfold 
decrease in MIC values for both AB and NaCl. This behavior 
is characterized as synergism (FICI = 0.25). Considering that 
the drug combinations effectively inhibited fungal growth in 
sub-inhibitory concentrations, these same values were later 
used in mycelial growth tests with artificial maize grain 
contamination. The results of the mycelial growth assays 
are presented in Fig. 1. By the last analysis day (Day 5), 
AB, whether isolated (at its MIC) or in association with 
NaCl, (at sub-inhibitory concentrations) prevented mycelial 
growth as compared to the control (P < 0. 05). Preventing 
mycelial growth was not observed for NaCl alone (at its 
MIC) (P > 0.05).

Figure 2 presents the results for the inhibitory effects 
of the test drugs on maize grains artificially contaminated 
with F. oxysporum 134. The treatments with AB (1/8 
MIC) + NaCl (1/8 MIC), and AB (1/4 MIC) + NaCl (1/4 
MIC) were unable to inhibit F. oxysporum development 
(P > 0.05) (data not presented). However, we noted that AB 
(MIC) whether isolated or in association with NaCl (at MIC 
and 1/2 MIC) inhibited F. oxysporum 134 development in 

maize for human consumption when compared to the con-
trol (P < 0.05) (Fig. 2a). In maize for animal consumption 
(Fig. 2b), we observed that only the AB/NaCl associations 
(at MIC and 1/2 MIC) were effective compared to the control 
(P < 0.05).

The canning liquid was also analyzed for CFU/mL 
(Fig. 3). The results indicated that whether isolated or in 
association, both products significantly reduced viable fun-
gal cell numbers as compared to the control (P < 0.05). It can 
thus be said that they presented a fungistatic effect.

Discussion

Ensuring microbiological safety in cereals such as maize is 
an essential issue in food science, and much needed for han-
dling and storage. Synthetic fungicidal agents and salts have 
been used as chemical preservatives in foods [20]. In agricul-
tural practices, fungicidal treatment against Fusarium brings 
great benefits to grain production. Synthetic fungicides are 
useful for controlling fungal diseases in food plants; azoles 
are the most effective group in preventing Fusarium spp. and 
reducing mycotoxin levels in maize grains [21]. However, 
prolonged use of fungicides can induce harmful effects in 
human health and increase environmental pollution [22].

NaCl is one of the most widely used additives in food 
processing. It has several functions, including impacts on 

Fig. 1  Inhibitory effect of 
α-bisabolol, NaCl and associa-
tions on the mycelial growth 
of Fusarium oxysporum 134. 
*P < 0.05 when compared to 
control on 5th day (unpaired t 
test)

Fig. 2  Inhibitory effect of 
α-bisabolol (AB) and NaCl 
against Fusarium oxysporum 
134 growth on maize grains 
for human consumption (a) 
and animal consumption (b). 
*P < 0.05 when compared to 
control (unpaired t test)



608 C. A. C. de Medeiros et al.

1 3

physical and sensory properties. However, with the immense 
contribution of processed and canned products to daily diets, 
sodium intake can exceed recommended daily intake levels. 
A reformulation of food products to reduce salt intake by 
the population and address the associated chronic disease 
burden must be considered [23].

Against this background, reductions in salt over time 
have been accompanied in studies investigating substitutive 
strategies that neither interfere in salt’s antimicrobial power 
nor compromise consumer acceptance concerning physical 
and sensory aspects [24]. A promising approach to control 
Fusarium spp. colonization and mycotoxin contamination in 
cereals is to use bioactive plant metabolites. Thus, essential 
oils and their components, which can allay users’ concerns 
about synthetic preservatives have received increasing atten-
tion as natural antimicrobials [11].

In this context, our results showed the potential anti-
Fusarium activity of AB alone and in combination with 
NaCl (Table 1, Fig. 1). Similar to Fusarium fungi, Aspergil-
lus species are relevant fungal contaminants of maize grains. 
Depending on the storage conditions, these fungi might grow 
and subsequently produce mycotoxins, representing a health 
hazard to both animals and humans. Previously, AB inhib-
ited the viability of A. flavus, A. fumigatus, A. niger, A. ter-
reus, F. oxysporum, F. solani, and F. verticillioides conidia 
in fungicidal in vitro assay [25].

In this study, the in vitro antifungal potential of AB 
against strains of F. oxysporum, in much lower concentra-
tions than those of NaCl was evidenced. Further, when we 
combined the drugs in an in vitro model, synergistic effect 
was observed (Checkerboard). The purpose of the AB/
NaCl association was to analyze whether there would be 
an increase in the drugs’ effects, with subsequent decreases 
in MIC values. Synergy is identified when two compounds 
increase each other’s effectiveness by more than the sum of 
their single-agent responses [26]. In fact, we confirmed that 
the drugs, when they were tested in the associated form, 
presented inhibitory effects on the growth of F. oxysporum 
in lower concentrations (eight times lower), concerning 

their respective MICs. The results were evidenced in vitro 
modeling of mycelial growth and in tests with maize grains 
artificially contaminated with Fusarium (Figs. 2, 3).

Microbial survival at high salt concentrations is energeti-
cally expensive because the microorganism must balance its 
cytoplasm osmotic with its medium. Thus, membrane activ-
ity is essential to achieve osmotic balance [27]. It is plausible 
to believe that the association between AB and NaCl may 
be synergistic. The antifungal activity of essential oils and 
their terpene components reveals the plasma membrane as a 
principal cellular target. Essential oils and their constituents 
damage microorganism membranes, causing proton pump 
collapse and electron transport chain breakdown [28].

Advanced studies have reported possible mechanisms 
involved in the antifungal activity of AB in particular. AB 
interferes in the fungal cell membrane functions as a result 
of blocking ergosterol biosynthesis [29]. A previous study 
showed that AB inhibits A. fumigatus growth via affecting 
∆24-sterol methyltransferase, a crucial enzyme in ergosterol 
biosynthetic pathway [13]. These findings demonstrate that 
AB can act as a fungal membrane chemosensitizer, dam-
aging resistance mechanisms such as efflux pumps. For 
instance, AB potentiated the action of griseofulvin (antifun-
gal drug, against strains of dermatophytes by checkerboard 
method [30].

Essential oils and their components in food matrices bring 
changes to a food’s sensory properties. For this reason, to 
reduce overall concentrations, many studies are investigat-
ing intelligent combining of different compounds that might 
maintain their antimicrobial properties [31]. Other reports 
regarding the use of natural product associations with anti-
fungal potential in food preservation are found in the litera-
ture that reveal both reductions in MIC values and effective 
modulation of microbial resistance [32, 33]. According to 
[34], a product’s antifungal bioactivity is often lower in food 
matrices (even when in associations) than when measured 
in vitro. Specific food components such as fats, carbohy-
drates, proteins, salts, and even pH can reduce the antimi-
crobial effect. It is also known that even though terpenes are 

Fig. 3  Inhibitory effect of 
α-bisabolol (AB) and NaCl 
against the growth of Fusarium 
oxysporum 134 in canning liq-
uid of maize grains for human 
consumption (a) and animal 
consumption (b). *P < 0.05 
when compared to control 
(unpaired t test)
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lipophilic, high concentrations of fats and proteins in foods 
can provide microorganisms with protection [31, 35].

Conclusions

Our results provide evidence that AB, whether isolated or 
associated with NaCl, is a potential alternative for F. oxyspo-
rum control in maize. Evaluating its synergistic effects in 
other food matrices to expand its applicability will also be 
necessary. Besides, since these are aromatic oil components, 
possible modulation of sensory aspects must also be consid-
ered and investigated. Finally, we conclude that AB-NaCl 
represents a promising strategy for pre- and post-harvest 
management of maize to minimize fungal contamination, 
contributing to food security and food production systems.
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