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Abstract 
Essential oils are secondary metabolites whose biological properties have been 
studied with emphasis on antimicrobial activity. Hyptis carpinifolia Benth 
(Rosmaninho) is used in folk medicine in the fight against colds and rheu-
matism. The objective of this study was to evaluate the antimicrobial activity 
of the essential oil from H. carpinifolia. The essential oil was extracted by hy-
drodistillation using a modified Clevenger apparatus. The biological activity 
was determined using the Agar Cavity Diffusion technique to evaluate the ef-
fect of concentrations of 500, 250, 125, 62.5, 31.25, 15.62, 7.81 and 3.9 μg∙mL−1 
on the bacteria Escherichia coli, Listeria monocytogenes, Salmonella Chole-
raesuis, Staphylococcus aureus and Pseudomonas aeruginosa. The fungicidal 
potential was evaluated by the method of dilution in agar, and the percentage 
inhibition of mycelial growth of Alternaria alternata, Botrytis cinerea and Fu-
sarium oxysporum was evaluated. The dilutions tested were 1000, 750, 500, 
250 and 100 μL∙L−1. The minimum inhibitory concentrations (MIC) of the es-
sential oil for L. monocytogenes, S. aureus and E. coli were 31.25; 15.62 and 
62.5 μg∙mL−1, respectively. The MIC was 500 μg∙mL−1 for Salmonella Chole-
raesuis and P. aeruginosa. The percentage inhibitions of mycelial growth of B. 
cinerea and A. alternate were 67% and 33%, respectively, at the dilution of 750 
μL∙L−1. The essential oil inhibited about 48% of the mycelial growth of F. 
oxysporum, at the dilution of 1000 μL∙L−1. The essential oil of H. carpinifolia 
presented biological activity against all the microorganisms evaluated. 
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1. Introduction 

Bacteria and fungi can have beneficial or detrimental effects on human beings. 
The beneficial actions involve the synthesis of drugs and the production of wine, 
cheeses and yoghurts. However, they can also be pathogenic microorganisms 
and can cause damage to humans, animals and crops [1]. 

One of the major public health problems facing the world is the contamina-
tion of food by pathogenic microorganisms, which cause damage to consumer 
health and major economic losses. Among these microorganisms are the bacte-
ria Salmonella ssp, Listeria monocytogenes and Escherichia coli, which are re-
sponsible for a large number of cases of diseases and mortality [2]. 

Phytopathogenic fungi are also a concern for agriculture because they 
represent a limiting factor for production and cause losses in productivity and 
quality of agricultural products. Among these fungi, Fusarium oxysporum, Bo-
trytis cinerea and Alternaria alternata are highlighted because they are very de-
trimental to the farmer’s income because they attack a wide variety of plants [3] 
[4] [5]. 

Both in the food industry and in agriculture, these microorganisms are con-
trolled by the use of synthetic products; however, studies report that the conti-
nuous use of these products can provoke resistance in the target pathogens so 
that it is necessary to increase the dosage with each application. Because syn-
thetic products can cause damage to human health and the environment, it is 
necessary to replace them with natural products that are less aggressive and eco-
logically safe. 

Essential oils are complex mixtures of volatile, lipophilic, liquid and odorifer-
ous substances produced through the secondary metabolism of plants. These oils 
have numerous biological activities, such as antioxidant, anti-inflammatory, an-
ti-tumoral, fungicidal, bactericidal, and insecticidal activities, that make their use 
prominent in the pharmaceutical, food, perfumery and cosmetic industries [6]. 

One plant that has been explored in folk medicine for the treatment of colds, 
flu and rheumatism is Hyptis carpinifolia Benth, popularly known as rosmanin-
ho. This is a herbaceous plant that belongs to the Lamiaceae family and can be 
found among several plant formations [7]. The objective of this work was to 
evaluate the biological potential of the essential oil from H. carpinifolia against 
food-borne bacteria and phytopathogenic fungi. 

2. Material and Methods 
2.1. Obtaining Plant Material and Extracting the Essential Oil 

The leaves of H. carpinifolia were collected in the municipality of Itumirim, MG, 
Brazil, on February 6, 2014, in the morning of a day without precipitation. The 
identification of the plant species was performed by Professor Mariana Esteves 
Mansandres of the Department of Biology of the Federal University of Lavras, 
and the exsicta was deposited in the ESAL Herbarium under the registry number 
28.489. The extraction of the essential oil was performed over a 2-hr period at 
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±98˚C in the Laboratory of Organic Chemistry—Essential Oils, DQI, of the same 
University with a modified Clevenger apparatus using the hydrodistillation 
technique [8]. 

2.2. Antibacterial Activity of the Essential Oil 

The antibacterial activity was determined using the Agar Cavity Diffusion tech-
nique according to the method described by Silva et al. [9]. The bacteria eva-
luated were Escherichia coli ATCC 11229, Listeria monocytogenes ATCC 19117, 
Salmonella Choleraesuis ATCC 6539, Staphylococcus aureus ATCC 6538 and 
Pseudomonas aeruginosa ATCC 11229, which were furnished by the UFLA De-
partment of Food Sciences microorganism culture collection. 

The cultures were spiked in Brain and Heart Infusion Broth (BHI), incubated 
at 37˚C for 24 hours and transferred to a tube containing 5 mL of Tryptic Soy-
bean Broth (TSB), which was incubated again under the same conditions until it 
reached the turbidity of a McFarland standard solution of 0.5, corresponding to 
the concentration of 108 CFU mL−1. The inoculums were then diluted to the 
concentration of 106 CFU mL−1 and incorporated into Mueller-Hinton Agar. 
A thin layer of pure Mueller-Hinton Agar was poured into the Petri dishes and 
sterile glass beads were placed on the gel. The agar in which the bacterium was 
inoculated was poured over the first layer. After solidification, the glass beads 
were removed, and 10 μl of the essential oil at concentrations of 500, 250, 125, 
62.5, 31.25, 15.62, 7.81 and 3.9 μg∙mL−1 in DMSO was added to each well. The 
experiment was performed in triplicate using the antibiotic chloramphenicol as a 
positive standard and DMSO as a negative standard. The plates were incubated 
in BOD at 37˚C, and the diameters of the inhibition halos were measured after 
24 hours. The lowest inhibitory concentration (MIC) was defined as the lowest 
concentration capable of promoting inhibition of the bacteria under study. 

2.3. Antifungal Activity of the Essential Oil 

The antifungal potential of the essential oil from H. carpinifolia was evaluated by 
the Agar Dilution method performed at the Mycology Laboratory of the De-
partment of Plant Pathology (DFP) at UFLA. The cultures were provided by the 
DFP Library of the same University, with the registration numbers CML-1606 
(Alternaria alternata), CML-2317 (Botrytis cinerea) and CML-2724 (Fusarium 
oxysporum). 

The essential oil was diluted in 1% Tween 80/water solution at the concentra-
tions of 1000, 750, 500, 250 and 100 μL∙L−1. The resulting solutions were incor-
porated into the semi-solid culture medium (Malt) using a modification of the 
method described by Klančnik et al. [10]. After solidification of the culture me-
dium, disks (7 mm diameter) of the fungal cultures were added to the center of 
each plate. The plates were sealed with plastic film and stored in a growth 
chamber at a temperature of 25˚C and with a photoperiod of 12 hours. 

The experiment was performed using four replicates, including the absolute 
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control (malt medium without the addition of solvent) and relative control (cul-
ture media and solvent). The evaluations were performed by measuring the or-
thogonal diameters of mycelial growth when a 100% fungus colony growth was 
observed in the absolute control. The results were submitted to statistical analy-
sis using the ANOVA method (completely randomized experimental design), 
comparing the means of inhibition of mycelial growth by the Scott-Knott test at 
the 5% probability level. 

3. Results and Discussion 
3.1. Antibacterial Activity of the Essential Oil 

The results of the determination of the antibacterial activity of the essential oil 
from H. carpinifolia against the bacteria evaluated are presented in Table 1. In-
hibition halos for both Gram-positive and Gram-negative bacteria were ob-
served after exposure to the essential oil, and Gram-positive bacteria were ob-
served to be more sensitive. Studies have reported that the higher resistance of 
Gram-negative bacteria can be attributed to the presence of an outer membrane 
in its structure that might hinder the penetration and action of essential oil con-
stituents [2]. Among the Gram-positive bacteria, L. monocytogenes was more 
resistant than S. aureus, whereas Gram-negative E. coli were more susceptible to 
the action of the essential oil, and the other bacteria were only inhibited at the 
highest concentration assessed. 

Species belonging to the Lamiaceae family are highlighted in the literature be-
cause they have notorious effects on microorganisms. In a bibliographic survey 
performed by Falcão and Mendes [11], species belonging to the Hyptis genus, H. 
suaveolens and H. pectinata, were cited as important antibacterial agents against 
pathogens of Gram-positive and Gram-negative origin. Nikolic et al. [12] ob-
tained significant results when they evaluated the antibacterial activity of three 
essential oils of the Thymus genus, T. serpyllum, T. algeriensis and T. vulgaris, 
and observed MIC values ranging from 2.5 to 160 μg∙mL−1, equivalent to the an-
tibiotics Hexoral, Streptomycin and Ampicillin. A considerable antibacterial po-
tential against bacteria associated with food outbreaks, such as S. aureus, L. mo-
nocytogenes and E. coli, which were also investigated in the present study, was 
 
Table 1. Minimum Inhibitory Concentration (MIC) of the essential oil the H. carpinifolia 
for the bacteria under study. 

Bacterium Gram CL DMSO MIC (μg∙mL−1) 

L. monocytogenes + I NI 31.25 

S. aureus + I NI 15.62 

E. coli − I NI 62.5 

S. Choleraesuis − I NI 500 

P. aeruginosa − I NI 500 

I = Inhibition; NI = No Inhibition; CL = Chloramphenicol. 
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observed by Shahbazi [13] for Mentha spicata. 

3.2. Antifungal Activity of the Essential Oil 

The results obtained in the evaluation of the antifungal potential of H. carpinifo-
lia were expressed as percentage inhibition of the mycelial growth of F. oxyspo-
rum, B. cinerea and A. alternate. The results are presented in Table 2. 

There was a dose-dependent relationship between the treatments and the 
three fungi; the application of a concentration of 750 μL∙L−1 resulted in approx-
imately 67% and 33% inhibition of the growth of B. cinerea and A. alternata, re-
spectively. About 48% of the mycelial growth of F. oxysporum was inhibited by a 
concentration of 1000 μL∙L−1 of the essential oil. 

Among the three fungi, B. cinerea was the most sensitive to the essential oil of 
H. carpinifolia. Lorenzetti et al. [4] evaluated the influence of several essential 
oils on the mycelial growth of this same pathogen and observed inhibition by the 
essential oils extracted from plants belonging to the Lamiaceae family, Mentha 
pipertita (peppermint), Lavandula hybrida (lavender) and Rosmarinus officinalis 
(rosemary). Corroborating with these results, Soylu et al. [14] obtained the same 
effect on B. cinerea in tomatões when they evaluated the efficacy of essential oils 
extracted from Origanum syriacum (oregano), L. stoechas (lavender) and R. of-
ficinalis (rosemary), all of which belong to the Lamiaceae family. 

Essential oils extracted from members of the Lamiaceae family were also in-
strumental in a study by Kumar et al. [15]. The authors evaluated the influence 
of Nepeta leucophylla, Nepeta ciliaris, Nepeta clarkei and Calamintha umbrosa 
in the control of pathogens responsible for damage to several food crops. All the 
oils exhibited potent biofungicidal activity. At the concentration of 500 μg∙mL−1, 
the fungi most sensitive to the action of the essential oils were F. oxysporum, 
Helminthosporium maydis and Rhizoctonia solani, for which the percentage of 
inhibition ranged from 67 to 74%, 76 to 88%, and 74 to 77%, respectively. At this 
 
Table 2. Percent inhibition of the mycelial growth by different concentrations of the es-
sential oil from Hyptis carpinifolia Benth. 

Treatment (μL∙L−1) 
Percent inhibition 

F. oxysporum B. cinerea A. alternata 

100 0.00eB (± 0.00) 6.25dB (± 3.71) 20.89cA (± 1.07) 

250 8.21dB (± 0.00) 20.71cA (± 1.30) 23.04cA (± 2.69) 

500 24.46cB (± 5.36) 42.14bA (± 10.84) 29.50bB (± 5.20) 

750 38.57bB (± 7.98) 66.61aA (± 9.01) 33.39aB (± 2.29) 

1000 48.39aB (± 3.25) 69.46aA (± 6.58) 37.14aC (± 6.09) 

Absolute control 0.00e (± 0.00) 0.00e (± 0.00) 0.00d (± 0.00) 

Relative control 0.00e (± 0.00) 0.00e (± 0.00) 0.00d (± 0.00) 

*The means followed by the same letter in the same column (lower case) and in the same line (upper case) 
do not differ statistically from one another by the Scott-Knott test at the 5% probability level. 
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same concentration, the essential oils accounted for approximately 44 to 55% 
and 63 to 64% inhibition of the mycelial growth of A. solani and Sclerotonia 
sclerotiorum, respectively. 

Evaluating the influence of the essential oil from Zataria multiflora (Lamia-
ceae) on Alternaria alternate, Mahmoudi et al. [16] noted a 100% inhibition of 
spore germination, in addition to morphological changes observed by electron 
microscopy. Mycelial growth of the pathogen was totally inhibited at concentra-
tions of 200 and 500 ppm. 

3.3. Conclusion 

In general, it can be considered that the essential oil from Hyptis carpinifolia 
Benth presented biological activity against all the pathogens evaluated. However, 
further testing is necessary to confirm the biological potential prior to commer-
cialization. 
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