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Insufficient hygiene of food contact surfaces 
and medical devices often leads to contamina-
tion with bacteria that cause diseases in humans, 
which is a  growing public health problem and 
causes large economic losses, despite modern 
improvements in food industry and medicine. In 
various bacteria, most commonly Escherichia coli, 
Staphylococcus aureus and Pseudomonas aerugi­
nosa, multidrug resistance has been developed 
[1, 2]. In the last decade, a large number of cases 
of diseases caused by bacteria of the genus Salmo­
nella have been documented. Although progress 
has been made in their control, Salmonella spp. 
continue to be the most common cause of food-
borne diseases, as well as the second pathogen 
responsible for hospitalization of adults [3, 4]. On 
the other hand, P. aeruginosa has been classified as 

a priority pathogen by the World Health Organiza-
tion. The excessive use of antibiotics during treat-
ment and the actions of host immune effectors led 
to widespread adaptive and acquired resistance in 
P. aeruginosa strains, causing morbidity and mor-
tality in patients with cystic fibrosis and immuno-
compromised individuals [5].

Numerous studies indicated the effective-
ness of various disinfectants in controlling the 
presence and growth of pathogenic bacteria. The 
effectiveness of disinfectants is determined by 
factors such as contact time, temperature, con-
centration, pH, produce-to-water ratio, water 
hardness and the ability of bacteria to adhere to 
the contact surfaces [6–9]. Devitalization of most 
bacteria is relatively easy due to their sensitivity to 
heat and chemical components. However, many 
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and revitalized from frozen stocks by cultivation 
on tryptone soya agar (TSA, Oxoid) plates for 24 h 
at 37 °C before performing the assays. The disin-
fectant used is intended for the disinfection of sur-
faces in contact with food, healthcare settings and 
public places.

Essential oils
Four essential oils from L. officinalis 

(lavender), M. alternifolia (tea tree), M. piperita 
(peppermint) and R. officinalis (rosemary) were 
purchased from local market in Novi Sad, Serbia 
(the producer not shown). The main compounds 
commonly found in essential oils, namely, car-
vacrol, eugenol and thymol were purchased from 
Sigma-Aldrich (St. Louis, Missouri, USA).

Antimicrobial activity determination
The minimum inhibitory concentration (MIC) 

was determined using the broth microdilution 
method according to M27-A3 protocol of the Cli
nical and Laboratory Standards Institute (CLSI) 
[15]. Briefly, the tested antimicrobial agents were 
first dissolved in dimethyl sulfoxide (DMSO, 
Sigma-Aldrich) and incorporated into Mueller 
Hinton broth (MHB, HiMedia, Mumbai, India). 
Then, they were two-fold serially diluted to make 
a  concentration range from 0.625  mg·ml-1 to 
320 mg·ml-1 in 96-well microtiter plates. The final 
concentration of DMSO did not exceed 5  g·l-1. 
Subsequently, 100 μl of the working inoculum 
suspension (1 × 106 CFU·ml-1) was added to each 
well and the inoculated plates were incubated for 
24 h at a temperature of 37 °C except for B. cereus, 
which was incubated at a temperature of 30 °C. In 
all experiments, a positive control (assay medium 
without the antimicrobial agent and with reference 
strains) and a  negative control (growth medium 
without reference strains) were included. Assays 
were carried out in four independent replicates 
for each tested microorganism. After 24 h of incu-
bation, 20 μl of 0.1 g·l-1 resazurin solution (7-hy-
droxy-3H-phenoxazin-3-one 10-oxide, HiMedia) 
was added as an indicator of bacterial growth to 
each well of the microtiter plate and incubated 
for 24 h to determine a colour change. The lowest 
concentration at which the blue color of resazurin 
did not change into pink was considered as the 
MIC value for that individual essential oil and dis-
infectant. 

The minimum bactericidal concentration 
(MBC) was determined by seeding 10 μl from 
wells where no visible growth was observed in trip-
licate on Mueller Hinton agar (MHA, HiMedia) 
plates and incubation for 24 h at 37 °C except for 
B. cereus, which was incubated at 30 °C. The lowest 

microorganisms secrete an extracellular polysac-
charide matrix and form biofilms that protect 
individual cells that are then quite difficult to re-
move from surfaces. Bacteria can develop resist-
ance to disinfectants over time [10, 11] and their 
alternating use is recommended as a  preventive 
measure. Due to the growing resistance of bacteria 
to conventional antimicrobial agents, unconven-
tional antimicrobial agents have become increas-
ingly interesting in recent years. The use of natu-
ral substances with antimicrobial activity, such as 
essential oils, is an environmentally friendly and 
effective way to control the presence of potentially 
pathogenic bacteria. Also, these agents are in-
creasingly used in combination with conventional 
antimicrobial agents. Such strategies are currently 
being developed and are attracting increasing 
attention and interest from the scientific commu-
nity [12–14]. 

The first aim of this study was to examine the 
antimicrobial activity of a  disinfectant based on 
sodium hypochlorite (Aqualor  H1000, Sigma, 
Crvenka, Serbia) and essential oils from Lavan­
dula officinalis (lavender), Melaleuca alternifolia 
(tea tree), Mentha piperita (peppermint) and Ros­
marinus officinalis (rosemary) against two Gram-
positive bacteria (Bacillus cereus ATCC  11778 
and Staphylococcus epidermidis ATCC 12228) and 
two Gram-negative bacteria (Pseudomonas aeru­
ginosa ATCC 10145 and Salmonella Typhimurium 
ATCC 14028). The second aim was to evaluate the 
antimicrobial activity of disinfectant and essential 
oils mixed in different combination in order to de-
tect synergistic or antagonistic effects and discuss 
these effects on the basis of an improved checker-
board technique. Further, the germicidal effect of 
the disinfectant based on sodium hypochlorite in 
combination with essential oils was examined.

Materials and methods

Strains and growth conditions
Antibacterial activity of the essential oils and 

the disinfectant based on sodium hypochlorite 
(Aqualor H1000, Sigma, Crvenka, Serbia; pH 7.2, 
active chlorine 4 g·l-1) was tested against B. cereus 
ATCC  11778, Staph. epidermidis ATCC  12228, 
P. aeruginosa ATCC  10145 and S. Typhimurium 
ATCC  14028. All strains were obtained from the 
Culture Collection of the microbiological labora-
tory at the Institute of Food Technology (Univer-
sity of Novi Sad, Novi Sad, Serbia). Reference 
strains of bacteria were preserved in tryptone soya 
broth (TSB, Oxoid, Basingstoke, United King-
dom) supplemented with 40 % glycerol at –80 °C 
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concentration of essential oils and compounds that 
did not yield any growth on the solid medium after 
the incubation period was recorded as MBC.

Checkerboard assay
The combined effect of the disinfectant and 

essential oils was evaluated by the microdilution 
checkerboard method [16–18]. Assays were per-
formed in 96-well microtiter plates on the basis 
of MIC values previously obtained. Combinations 
of the disinfectant and essential oils were made 
by adding each of the tested antimicrobial agents 
to microtiter plate wells, with final concentra-
tions of the disinfectant ranging from 1/8 × MIC 
to 4 × MIC and concentrations of essential oils 
ranging from 1/32 × MIC to 1 × MIC. After pre-
paring the combinations of antimicrobial agents 
in microtiter plates, the bacterial suspension 
(1 × 106 CFU·ml-1) was added to each well and 
inoculated plates were incubated for 24 h at a tem-
perature of 37 °C except for B. cereus, which was 
incubated at 30 °C. 

The optical density (OD) was measured at 
630  nm using a  microplate reader Multiskan FC 
(Thermo Fisher Scientific, Waltham, Massachu-
setts, USA). Assay was performed at least in trip-
licate.

 Fractional inhibitory concentrations index 
(FICI) values were calculated using the following 
formulae:

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹𝐹A + 𝐹𝐹𝐹𝐹𝐹𝐹B 	 (1)

𝐹𝐹𝐹𝐹𝐹𝐹A =
𝑀𝑀𝑀𝑀𝑀𝑀AX
𝑀𝑀𝑀𝑀𝑀𝑀AY

 	 (2)

𝐹𝐹𝐹𝐹𝐹𝐹B =
𝑀𝑀𝑀𝑀𝑀𝑀BX
𝑀𝑀𝑀𝑀𝑀𝑀BY

 	 (3)

where FICA is fractional inhibitory concentration 
of the disinfectant, sodium hypochlorite, FICB is 
fractional inhibitory concentration of an essential 
oil, MICAX is the minimum inhibitory concentra-
tion of the disinfectant, sodium hypochlorite, in 
the presence of the essential oil, MICAY is the 
minimum inhibitory concentration of the disin
fectant, sodium hypochlorite, alone, MICBX is the 
minimum inhibitory concentration of the essential 
oil in the presence of the disinfectant, sodium hy-
pochlorite, MICBY is the minimum inhibitory con-
centration of the essential oil alone.

FICI values were interpreted following the 
model suggested by Mulyaningsih et al. [17]. The 
results were interpreted as synergistic effect (S) 
(FICI ≤ 0.5), additive effect (Ad) (0.5 < FICI ≤ 1), 
indifferent effect (I) (1 < FICI ≤ 4) or antagonistic 
effect (A) (FICI > 4).

Germicidal effect
The effectiveness of the combination of 

the disinfectant based on sodium hypochlorite 
and essential oils from L. officinalis, M. alterni­
folia, M.  piperita and R. officinalis in the ratio 
6 : 1 : 1 : 1 : 1 was determined using the quantita-
tive suspension test according to Aarnisalo et al. 
[6]. Briefly, 8 ml of the combination of the disin
fectant based on sodium hypochlorite with the 
concentration of 600 g·l-1 with essential oils and 
1  ml of sterile water were added to test tubes, 
followed by 1 ml bacterial suspension ragned 
from 3 × 106 CFU·ml-1 to 1 × 107 CFU·ml-1. The 
activity was tested at a contact time of 1 min and 
5 min at a temperature of 21 °C. Further, 1 ml of 
the test solution was transferred to tubes contain-
ing 8 ml of neutralization solution (30 g·l-1 Tween 
80, 1 g·l-1 l-histidine and 5 g·l-1 Na-thiosulfate in 
TSB medium) and 1 ml of sterile water. After neu-
tralization, a series of dilutions was prepared and 
1 ml of the solution was transferred from each test 
tube onto TSA plates. As a control, pure bacte-
rial suspensions were serially diluted and plated 
on TSA plates. The plates were incubated for 24 h 
at 37 °C except for B. cereus, which was incubated 
at 30 °C. The germicidal effect of the disinfectant 
alone was also examined at the concentration of 
the disinfectant of 1 000 g·l-1.

The germicidal effect (GE) of the combination 
of the disinfectant based on sodium hypochlorite 
and essential oils was calculated according to the 
formula:

𝐺𝐺𝐺𝐺 = log𝑁𝑁C − log𝑁𝑁D 	 (4) 

where NC are the counts of microorganisms in the 
control and ND are the counts of microorganisms 
in the suspension after the effect of the combina-
tion of the disinfectant and essential oils, and dis-
infectant alone.

Efficacy, the effect of the disinfectant based 
on sodium hypochlorite in combination with es-
sential oils or alone on the growth of bacteria was 
expressed in percent.

Results and discussion

The continued increase in antimicrobial re-
sistance to chemically synthesized agents that 
have harmful impacts on the human health and 
environment have encouraged research for novel 
sources of antimicrobial agents. Essential oils as 
natural antimicrobial agents have long been recog-
nized to exhibit significant and promising activity 
against pathogenic microorganisms [14, 19, 20].

The obtained MIC and MBC values (Tab. 1) 
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indicated the fact that the microbial strains were 
highly sensitive to the tested antimicrobial agents, 
as well as that they were significantly more sensi-
tive to the applied disinfectant compared to the 
essential oils. The results showed that the essential 
oils of M. alternifolia and M. piperita exhibited the 
strongest antimicrobial effect with MIC and MBC 
values in the range of 5 mg·ml-1 to 40 mg·ml-1, 
while the essential oil of R. officinalis had the 
weakest effect with MIC and MBC values of 
20 mg·ml-1 to 160 mg·ml-1.

Numerous studies were conducted to deter-
mine the antibacterial activity of essential oils 
and concluded that Gram-positive bacteria are 
more sensitive to the effects of essential oils than 
Gram-negative bacteria [21–24]. In our study, 
Gram-positive bacterium B. cereus was the most 
sensitive microorganism tested. The lower sensi-
tivity of Gram-negative bacteria can be explained 
by the difference in the structure of the cell wall, 
since they possess an outer membrane surround-
ing the cell wall, which limits the diffusion of hy-
drophobic compounds through its lipopolysaccha-
ride covering [25, 26]. Since essential oils consist 
of a  large number of chemical components, com-
ponents of essential oils may act independently or 
synergistically on the structures of the bacterial 
cell. Major compounds of essential oils with anti-
microbial activity include terpenoids, such as the 
phenols thymol, carvacrol and linalool, terpenes 
such as pinene, phenylpropenes, such as eugenol 
and cinnamaldehyde [13]. Phenolic compounds 
containing a  hydroxyl group, such as carvacrol, 
thymol or eugenol, are responsible for damaging 
the cell membrane and exhibit a  broad spectrum 
of antimicrobial activity against food-borne bac-

teria [19, 27]. It can be seen that among the com-
pounds, thymol and carvacrol exhibited strongest 
antimicrobial activity with MIC values ranging 
from 0.078 mg·ml-1 to 0.63 mg·ml-1, while eugenol 
showed weakest activity with MIC values from 
0.16  mg·ml-1 to 2.50 mg·ml-1. The Gram-negative 
bacterium P.  aeruginosa showed significant resist-
ance to the tested compounds, in particular to 
eugenol with MIC value of 2.50 mg·ml-1. 

In order to reduce the minimum effective dose 
of conventional antimicrobial agents and thereby 
reduce potential side effects and toxicity, as well as 
prevent the spread of antimicrobial resistance, the 
effect of the combination of disinfectant based on 
sodium hypochlorite and essential oils L. officina­
lis, M. alternifolia, M. piperita and R. officinalis was 
examined. The FIC and FICI values are shown in 
Tab. 2. The results showed that for the most com-
binations of the disinfectant and essential oils, 
a synergistic or additive effect was detected in all 
tested bacteria. Gram-positive bacteria B. cereus 
and Staph. epidermidis showed higher frequency 
of synergistic and additive effects than Gram-ne
gative bacteria. Combinations of the disinfect-
ant at a concentration of 1/4 × MIC and lavender 
essential oil at concentrations of 1/4 × MIC to 
1/8 × MIC indicated the existence of a  synergis-
tic effect in Gram-positive bacteria, while an ad-
ditive effect was found in Gram-negative bacteria 
(FIC = 1). FICI values of the disinfectant and tea 
tree essential oil for B. cereus, Staph. epidermidis 
and S. Typhimurium (FICI = 0.38) were lower 
than 0.50, which is the value indicating a synergis-
tic interaction. 

A number of authors mentioned the antimicro-
bial activity and studied the mechanism of action 

Tab. 1. Antimicrobial activity of the agents.

Antimicrobial 
agent

Gram-positive bacteria Gram-negative bacteria

Bacillus 
cereus

Staphylococcus 
epidermidis

Pseudomonas 
aeruginosa

Salmonella 
Typhimurium

MIC
[mg·ml-1]

MBC
[mg·ml-1]

MIC
[mg·ml-1]

MBC
[mg·ml-1]

MIC
[mg·ml-1]

MBC
[mg·ml-1]

MIC
[mg·ml-1]

MBC
[mg·ml-1]

Disinfectant 0.50 0.25 0.25 0.25 0.50 0.50 0.25 0.25

Lavandula officinalis 20.00 20.00 80.00 40.00 40.00 40.00 80.00 80.00

Melaleuca alternifolia 40.00 40.00 5.00 5.00 20.00 20.00 20.00 20.00

Menthae piperita 10.00 10.00 40.00 40.00 40.00 40.00 10.00 10.00

Rosmarinus officinalis 20.00 20.00 80.00 80.00 80.00 80.00 160.00 160.00

Carvacrol 0.16 0.16 0.16 0.16 0.63 0.63 0.16 0.31

Eugenol 0.31 0.31 0.16 0.31 2.50 2.50 0.63 0.63

Thymol 0.16 0.31 0.16 0.31 0.63 0.63 0.08 0.16

Values represent the mean value obtained in four independent replicates. 
MIC – minimum inhibitory concentration, MBC – minimum bactericidal concentration.
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of essential oils [14, 19, 27]. There are some ge
nerally accepted mechanisms of the antimicrobial 
interaction for synergy such as sequential inhibi-
tion of a  common biochemical pathway, inhibi-
tion of protective enzymes, combinations of cell 
wall active agents and use of cell wall active agents 
to enhance the uptake of other antimicrobials 
[26]. The combination of the disinfectant with 
an essential oil consisting of various biochemical 
components may positively influence and increase 
the antimicrobial efficacy. Our results indicated 
an additive effect in Gram-positive bacteria when 
the disinfectant was combined with peppermint 
and rosemary essential oils, with FICI values rang-
ing from 0.75 to 1.00 (Tab. 2). Additive interac-
tions were also observed with S. Typhimurium 
when the disinfectant was combined with essen-
tial oils of L.  officinalis and R.  officinalis. Syner
gistic and additive interactions of antimicrobial 
drugs may be the basis for strategies of controlling 
resistance evolution, since the administration of 
multiple drugs may disrupt several bacterial func-
tions and thus minimize the selection of resistant 
strains [28]. In addition, an  indifferent effect was 

detected in P.  aeruginosa for the combination of 
the disinfectant with peppermint and rosemary 
essential oils. No antagonism was observed for 
any of the combinations evaluated. These results 
are in accord with the fact that combined antimi-
crobial agents are often used to provide a broader 
antibacterial spectrum and to minimize toxicity as 
well as emergence of resistant bacteria [29].

The results on the germicidal effect of com-
binations of the disinfectant and essential oils 
are shown in Tab. 3. The germicidal effect of the 
disinfectant alone was also examined and the re-
sults are shown in Tab. 4. The maximum germi-
cidal effect of a  combination of the disinfectant 
and essential oils was achieved after exposure for 
5 min for all tested microorganisms. The weakest 
effect was recorded against B. cereus and S. Typhi
murium at the exposure time of 1 min, while the 
stronger effects were achieved against Staph. epi­
dermidis and P. aeruginosa.

Numerous studies showed high effectiveness 
of the disinfectant based on sodium hypochlo-
rite against microorganisms in the food indus-
try despite the increasing availability of other 

Tab. 2. Interaction effects of combinations of agents.

Bacteria
MIC [mg·ml-1] FIC

FICI
Interaction 

effectDisinfectant Essential oil Disinfectant Essential oil

Combination of disinfectant with lavender essential oil

Bacillus cereus 0.13 2.50 0.25 0.13 0.38 S

Staphylococcus epidermidis 0.03 20.00 0.13 0.25 0.38 S

Pseudomonas aeruginosa 0.25 20.00 0.50 0.50 1.00 Ad

Salmonella Typhimurium 0.13 40.00 0.50 0.50 1.00 Ad

Combination of disinfectant with tea tree essential oil

Bacillus cereus 0.13 5.00 0.25 0.13 0.38 S

Staphylococcus epidermidis 0.03 1.25 0.13 0.25 0.38 S

Pseudomonas aeruginosa 0.25 10.00 0.50 0.50 1.00 Ad

Salmonella Typhimurium 0.03 5.00 0.13 0.25 0.38 S

Combination of disinfectant with peppermint essential oil

Bacillus cereus 0.25 5.00 0.50 0.50 1.00 Ad

Staphylococcus epidermidis 0.13 20.00 0.50 0.50 1.00 Ad

Pseudomonas aeruginosa 0.25 40.00 0.50 1.00 1.50 I

Salmonella Typhimurium 0.13 2.50 0.50 0.25 0.75 Ad

Combination of disinfectant with rosemary essential oil

Bacillus cereus 0.25 10.00 0.50 0.50 1.00 Ad

Staphylococcus epidermidis 0.13 20.00 0.50 0.25 0.75 Ad

Pseudomonas aeruginosa 0.25 80.00 0.50 1.00 1.50 I

Salmonella Typhimurium 0.13 40.00 0.50 0.25 0.75 Ad

MIC – minimum inhibitory concentration, FIC – fractional inhibitory concentration, FICI – fractional inhibitory concentrations index 
Interaction effect: S – synergistic, Ad – additive, I – indifferent.
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disinfectants due to its easy application, excel-
lent sterilization power and cost-effectiveness 
[30–32]. It was observed in our study that the 
bactericidal effect of the combination of this 
type of disinfectant and essential oils was higher 
compared to the effect of the disinfectant alone 
at the shortest exposure time of 1 min. The re-
sults showed a  significantly stronger effect of the 
combination of the disinfectant and essential oils 
against B. cereus compared the disinfectant alone. 
An exposure time of 5 min was required to achieve 
complete germicidal effect against all tested bacte-
ria in our experimental conditions. 

Conclusions

The results obtained in this study demonstrated 
that the disinfectant based on sodium hypochlorite 
and essential oils from L. officinalis, M.  alternifo­
lia, M. piperita and R. officinalis exhibited signifi-
cant antibacterial activity. Combinations of the 
disinfectant and essential oils showed synergistic 
or additive effect in most cases. An exposure time 
of 5  min was required to achieve full germicidal 
effects against all tested strains. The study also re-
vealed that combinations of the disinfectant and 
selected essential oils can efficiently inhibit the 
growth of the tested bacteria at lower concentra-

tions than required for the individual essential oils 
and the disinfectant. Therefore, they could be fur-
ther developed for practical use in the control of 
pathogenic bacteria in food production, in clinical 
and public settings.
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