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Abstract 
Background: Bacteria can adhere and grow on any surface due to 
their chemical and physical interaction, leading to the development of 
biofilms. Essential oils have a great potential for use in the food 
industry, as they can effectively prevent the presence of some 
pathogenic microorganisms.  
Species such as those in the Bacillus genus have the ability to produce 
toxins. Some strains of Bacillus subtilis have been related to cases of 
food‐borne diseases. In the bakery industry, B. subtilis also has been 
related to “rope” disease, linked to bread preservation processes. 
Methods: The aim of the study was to analyse the antibacterial 
properties of 24 chemotyped essential oils against the growth of B. 
subtilis. The biological activity study was carried out using disk 
diffusion in agar and broth dilution methods. 
Results: The essential oil of Cymbopogon martinii var. motia had a high 
geraniol content (>80.53%) and showed a high antimicrobial effect 
against the Gram-positive bacterium B. subtilis. Binary combinations of 
Cymbopogon martinii var. motia oil with Eugenia caryophyllus showed 
antagonistic effects on B. subtilis. 
Conclusions:  The essential oil of Cymbopogon martinii var. motia has 
an interesting potential use in the bakery industry as a preservative, in 
applications such as nano encapsulation for bakery doughs, active 
packaging of baked products, or surface disinfectants.
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Introduction
Essential oils (EOs) are aromatic and volatile natural compounds, synthesized and secreted by specialized histological
structures. They are extracted from plant material, such as flowers, aerial parts, roots, bark, leaves and fruits.1 EOs are
secondary metabolites playing a role in the plant protection against biotic and abiotic stress. They constitute about 1% of
plant secondary metabolites.2 The composition of EOs from the same species of plant can vary with geographic location,
the harvesting season, the part of the plant being distilled, or extraction method.3,4

The chemical composition of EOs is complex; some of them have around 20 to 60 different bioactive components, only
two or three of which are in concentrations within a range of 20% to 70%,with the rest found in trace amounts.Within this
mix of bioactive components, two different compound groups can be identified: terpenes and terpenoids. Terpenes are the
most abundant components in EOs, and are classified intomonoterpenes and sesquiterpenes, according to their number of
isoprene units. Within this group, α-pinene, β-caryophyllene, γ-terpinene, limonene, geraniol, and p-cymene are
included.Monoterpenes can be linear (acyclic) or contain rings (monocyclic and bicyclic).Modified terpenes (containing
oxygen molecules or lacking a methyl group) are called monoterpenoids, and include carvacrol, thymol, menthol,
borneol, geranyl acetate, 1,8-cineole, and linalool. Terpenoids, present in the EOs (less predominant) are the aromatic
compounds, derivatives of phenylpropane (mixtures of aldehydes, alcohols, phenols, methoxy derivatives and methy-
lenedioxy compounds), for example, eugenol and cinnamaldehyde.5,6

Themechanisms of EO antimicrobial action are mediated by a series of biochemical reactions and depends on the type on
their chemical constituents. Gram-positive bacteria are not considered as resistant as Gram-negative bacteria.6 This is
attributed to differences in their cell wall structure, namely a thick peptidoglycan cell wall that allows penetration by
phenolic compounds (for example, thymol, carvacrol, eugenol) present in EOs.7 The hydrophobic characteristic of EOs
grant them a greater accessibility to the cell wall of Gram-positive bacteria, which is rich in peptidoglycans and unable
to resist the presence of small antimicrobial molecules, leading to variations in the structure of the cell membrane.
Consequently, this leads to cell lysis and leakage of intracellular compounds.8 These changes in the permeability of
the cell wall and cytoplasmic membrane affect bacterial spread. Bacteria, in the presence of antimicrobial agents, alter the
lipid profile of their membrane to incorporate exogenous fatty acids (from EOs), modifying the ratio of fatty acids, or the
length of their carbon chains, and can increase the amount of saturated, or decrease the amount of unsaturated fatty acids.
This reorganisation of fatty acids and membrane proteins allows for the survival of bacterial cells.6 However, the
synergistic action of different EO constituents favours the death of the bacterial cell.9,10

The use of some EOs has been considered as an antimicrobial alternative, and has attracted considerable interest from the
pharmaceutical industry, especially for its antifungal and antiviral activity.11–14 Phytochemicals present in EOs are also
being evaluated as inhibitors of COVID-19.15 In the food industry, EOs are used for food preservation, due to their natural
antimicrobial compounds against pathogenic bacteria, as well as aroma and flavour.16,17

The Bacillus species are included among Gram-positive bacteria. They are aerobic or facultative anaerobic bacteria
that are widely distributed in nature.18 B. subtilis is considered as an aerobe bacterium, although it is able to sporulate
under anaerobic conditions and starts to proliferate and grow in different environments including water, processed and
untreated foods.19 Nowadays, the bakery industry is growing, giving rise to an increased demand for quality, new
products developed, and for the extension of products’ shelf life and safety. Previous studies have considered the use of
EOs as antifungals to prolong bread shelf life.20 Research results from Pepe et al. (2003)21 have determined that after a
10-minute treatment at 96 °C, Bacillus spp. were able to survive the thermal processing of bakery products. Contam-
ination of the dough by spores can occur via flour or the reuse of dried and ground bakery.22 The prevalence of spore-
forming string-producing microorganisms in different types of flour and their potential for bread spoilage has been
investigated; Bacillus spp. spores exhibit a high heat resistance and regularly survive the baking process inside the bread.
Due to the action of proteolytic and amylolytic enzymes released by Bacillus, the texture of the bread is modified and
becomes viscous.22 One of the species considered to be the most common causative agent of rope in bakery products is
B. subtilis,23 however, as it takes a relatively long time for the stiffness to develop, the deterioration is often only detected

REVISED Amendments from Version 1

Suggested words that could lead to confusion have been modified or added. Information on the composition of the EOs
referred to in table 1, which was not relevant to the results or discussion, has been removed.
In addition, the inhibition values of EOs when compared to the ciprofloxacin control have been clarified.
In table 5, the values of the “combined antibacterial effect” columns have been changed, because the calculation did not
correspond to what was reflected in the methodology.

Any further responses from the reviewers can be found at the end of the article
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once the consumer has purchased the product. There is increasing interest in developing new strategies to inactivate
spores. EOs contained into microcapsules that gradually release volatile compounds into the packaging environment
have been used in food preservation.24–26 Still, there is little information on the application of EO-containing micro-
capsules in the preservation of baked products.

The aim of this study was to evaluate the effect of 24 chemotyped essential oils on Bacillus subtilis growth and spore
production, for potential use in the bakery industry, to answer a growing demand for high quality and extended shelf-life
products, and the increasing trend of consumer demand for clean labels and minimum processing or synthetic pre-
servatives. EOs were chosen based on their commercial availability, scent, and absence of toxicity in view of a possible
bakery industry use. All of them are used traditionally as food additives. Of all EOs,Cymbopogonmartinii var. motiawas
found to be an important source of natural geraniol. According to the literature review carried out by Lira et al. (2020),27

geraniol presents many pharmacological properties including antifungal and antibacterial actions. A secondary objective
was to investigate the combined antibacterial activities of Cymbopogon martinii var. motia (palmarosa oil), Mentha x
piperita (peppermint) and Eugenia caryophyllus (clove) essential oils against B. subtilis.

Methods
Bacterial strains and media
Bacillus subtilis subsp. subtilis (Ehrenberg 1835) Cohn 1872, from the SpanishTypeCulture Collection (CECT), listed as
CECT 4522, was used in this study. B. subtilis was maintained on a nutrient broth medium and solidified. The growth
temperature was 30°C and the incubation time was 24 h. The nutrient broth medium contained 0.5% of beef extract
(Laboratorios Condalab S.L., Madrid, Spain), 1% of peptone (Laboratorios Condalab S.L., Madrid, Spain) and 0.5% of
NaCl (Merck Life Science S. L, Madrid, Spain); after mixing and dissolving them completely, the medium was adjusted
to pH 7.2.

Essential oils
ChemotypedEOswere extracted fromdifferent plants by steamdistillation by the supplier before purchase (Pranarôm, S.A.,
7822, Ath, HAINAUT Belgium). The 24 EOs used for the study were: Citrus sinensis (sweet orange), Citrus reticulata
(Mandarin orange), Elettaria cardamomum (cardamom), Laurus nobilis (laurel), Cymbopogon martinii var. motia
(palmarosa), Zingiber officinale (ginger), Eugenia caryophyllus (clove), Cinnamomum camphora (camphor tree), Rosmar-
inus officinalis (rosemary), Melaleuca quinquenervia (niaouli), Chamaemelum nobile (Roman chamomile), Melaleuca
alternifolia (tea tree), Thymus vulgaris CT LINALOL (thyme), Citrus paradisi (grapefruit), Citrus junos (yuzu), Origanum
compactum (oregano), Mentha x piperita (peppermint), Myrtus communis (myrtle), Curcuma longa (curcuma), Cinnamo-
mum cassia (Chinese cinnamon), Thymus satureioides (savoury thyme), Eucalyptus radiata (eucalyptus), Cinnamosma
fragrans (saro) and Mentha arvensis (wild mint). Their chemical components are shown in Table 1.

Antibacterial activities of essential oils
The assessment of the antibacterial activities of EOs was performed using the disk diffusion method.28 Bacterial
inoculum was measured using a spectrophotometer (Libra S12, Biochrom Ltd, Cambridge CB4 0FJ, England) set at
600 nm, and 0.20 mL at DO 0.45 were transferred to the plates.

The disk absorption capacity was 5 μL/disk. Three different concentrations of EO extracts were aseptically transferred
to these disks to establish their antimicrobial activity. Sterile disks were impregnated with 5 μl of EO at different
concentrations by microdilution method using the serial dilution in vegetal oil (100%, 10%, 1%) (v/v) and each disk was
placed on a nutrient agar plate smeared with B. subtilis. Every dish was sealed with laboratory film to avoid evaporation,
then incubated aerobically in an upright position at 30 °C for 24 h to determine the antimicrobial effect. Antibacterial
activity was determined by measuring the inhibition zone diameter (mm) against each EO. A sterile vegetal oil without
EOwas used as a negative control, and 5 μg of Ciprofloxacin (Thermo Fisher Scientific, Waltham,MA, USA) as positive
control (dc).29 All experiments were done in triplicates.

The percentage of bacterial growth inhibition of B. subtilis was determined by considering the diameter of inhibition
bacterial growth with EOs (dEO) referenced to the diameter inhibition bacterial growth with Ciprofloxacin antibiotic
(dCIP), according to the following equation (Equation 1)

% of B:subtillis growth¼ dCIP�dEOð Þ
dCIP

100 (1)

Determination of minimum inhibitory concentration of essential oils against B. subtilis
Once the results of the antimicrobial activity against B. subtilis, obtained by disk diffusion, were analysed for the
24 EOs tested, ten EOs were selected (C. cassia, C. sinensis, C. martinii var. motia, E. cardamomum, E. caryophyllus,
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Table 1. Chemical components from the essential oils. The table shows the essential oils analyzed: common
name, part of the plant and a percentage of some chemical components of selected essential oil after being
subjected to steam distillation (data obtained from analysis sheet of Pranarôm; https://pranarom.us/products/
essential-oils/).

Essential oil Common name Part subjected to
steam distillation

Chemical components of selected essential
oil constituents (%)

Chamaemelum
nobile

Roman
Chamomile

Flower. Methylamine angelate (20.2%);Metalyl angelate
(15.4%); Hexyl isobutyrate (8.31%)

Cinnamomum
camphora

Ravintsara Leaves. 1,8-Cineole (56.8%); Sabinene (13.4%);
α-Terpineol (7.33%)

Cinnamomum
cassia

Chinese
canceller

Bark and leaves. E-Cinnamaldehyde (81%), Cinnamyl acetate
(3.25%)

Cinnamosma
fragrans

Saro or
Mandravasarota

Leaves. 1,8-Cineole (37.7%), Linalool (8.03%), Limonene
(7.83%)

Citrus junos Yuzu junos Shell. Limonene (75.6%); γ-Terpinene (8.49%);
β-Phellandrene (3.29%)

Citrus paradisi Grapefruit Shell. Limonene (94.5%)

Citrus reticulata Mandarin Shell. Limonene (71.1%); γ-Terpinene (18.3%)

Citrus sinensis Sweet Orange Shell. Limonene (95.3%)

Curcuma longa Safran from
india

Rhyzome. α-Turmerone (34.8%), β-Turmerone (16.16%),
Curlone (16.2%), AR-turmerone (13.4%)

Cymbopogon
matinii var.
motia

Palmarosa Aerial part. Geraniol (80.5%); Geranyl acetate (8.95%);
Linalool (2.45%); β-Caryophyllene (1.87%)

Elettaria
cardamomum

Cardamon Fruit. α-Terphenyl acetate (35.3%); 1,8 Cineole (32.3%);
Linalyl acetate (5.35%); Linalool (3.35%)

Eucalyptus
radiata ssp
radiata

Eucalyptus
officinally

Leaves. 1,8-Cineole (66.6%), α-Terpineol (11.2%),
Limonene (6.5%)

Eugenia
caryophyllus

Clove Bud Flower bud. Eugenol (79.9%); Eugenyl acetate (12.3%);
β-Caryophyllene (5.39%)

Laurus nobilis Laurel Noble Leaves. 1,8 Cineole (44.9%); Terphenyl acetate (10.5%);
Sabinene (8.86%); Linanool (4.43%)

Melaleuca
alternofolia

Tea Tree Leave. Terpinene 4-ol (40.6%); γ-Terpinene (21%)

Melaleuca
quinquenervia

Niaouli Flowery peak. 1,8-cineole (50.6%); α-Terpineole (8.91%);
Limonene (7.48%)

Mentha arvensis Field mint Aerial part. Menthol (71.1%); Menthone (5.88%);
Isomenthone (3.85%); Limonene (2.52)

Mentha x
piperita

Pepper mint Aerial part. Menthol (44.5%); Menthone (18.2%); 1,8 cineole
(4.64%)

Myrtus
communis

Cineole
blueberry

Leafy Branch. α-Pinene (51%), 1,8 Cineole (22.8%), Limonene
(8.34%)

Origanum
compactum

Origan compact Flowery peak. Carvacrol (57.6%); Thymol (8.21%); γ-Terpinene
(14.1%)

Rosmarinus
officinalis

Verbenone
Rosemary

Flowery peak. α-Pinene (38.8%); Camphene (8.88%); Camphor
(6.96%); Bornyle acetate (6.94%)

Thymus
satureioides

Thyme with
Savory Leaves

Flowery peak. Borneol (33.4%); Thymol (10.6%); Carvacrol
(7.85%); β-Caryophyllene (5.82%)

Thymus vulgaris
CT Linalol

Cimbru Flowery peak. Linalool (68.4%); Linalyl acetate (6.19%);
β-myrcene (3.32%)

Zingiber
officinale

Ginger Rhyzomes. α-Zingiberene (28.2%); α-Curcumin (7.93%);
Camphene (7.9%); β-Sesquiphelandrene (7.56%)

Page 5 of 22

F1000Research 2023, 10:1027 Last updated: 27 MAR 2023

https://pranarom.us/products/essential-oils/
https://pranarom.us/products/essential-oils/


M. x piperita, T. vulgaris CT LINALOL and T. satureioides). This selection also considered the principal chemical
component in their composition and previous studies.7,10,13,26,27 A B. subtilis inoculum (DO600 = 0.350) was incubated
into the tubes containing different concentrations of these selected EOs (10 μL/mL, 25 μL/mL, 50 μL/mL, and 75 μL/
mL). The tubes were incubated at 30 °C for 24 h and bacterial growth was measured using a spectrophotometer (Libra
S12, Biochrom Ltd, Cambridge CB4 0FJ, England) at 600 nm.30 Vegetal oil was tested as negative control, at the same
volume as the EOs.

The percentage of B. subtilis bacterial growth inhibition was determined by considering the optical density of bacterial
growth without EOs (ODc) minus the optical density of bacterial growth with the presence of EOs (ODp), divided by the
optical density of bacterial growth without EOs (ODc) (Equation 2).

% of B: subtillis growth inhibition¼ ODc�ODpð Þ
ODc

100 (2)

Combined antibacterial effect of EOs using disk diffusion tests
The interaction studies (I) of the major components of EOs were performed using the agar disk diffusion method. The
binary mix 1:1 (v/v) of EOs or their components, absorbed on sterile paper disks (5 μL per Whatman disk of 5 mm
diameter), were placed on the surface of media that had previously been inoculated with 200 μL of B. subtilis (DO600 =
0.45). One filter paper diskwas placed in each Petri dish, whichwas sealedwith laboratory film to avoid evaporation, then
incubated aerobically at 30°C for 24 h, followed by measurements of the diameter of the inhibition zone in cm.

The interaction was calculated considering the diameter of the inhibition zone (D) for EOs A and B. Thus, it was
calculated as follows: I = (D combination / DA alone + DB alone). The results were interpreted as antagonism (I < 0.5) or
indifference (0.5 ≤ I ≤ 1). All experiments were done in triplicates.

Statistical analyses
Data were recorded using Microsoft Excel, which was also used for graphic data representation. Statistical analysis was
performed using SPSS v27.0 software (SPSS Inc., Chicago, IL, USA). Normality of the dependent variables was checked
using the Shapiro-Wilk test. If normality was observed, a one-way analysis of variance (ANOVA) was carried out. If
normality was not observed, the Kruskal-Wallis test was used. The variability among the three measures was reported
with the coefficient of variation. The reliability of the three measures (Underlying data) was reported with the intraclass
correlation coefficient (2.1) looking for absolute agreement. A significance level of 0.05 was used. Values are reported as
the mean � standard deviation (SD).

Results
Chemical composition of EOs (Pranarôm [S.A])
EOs are complex mixtures of volatile compounds; their main components are described in Table 1. The information
was obtained from a data sheet provided by delegates fromPranarôm, S.A (Spain) and available on the Pranarômwebsite.
As shown in Table 2, these volatile molecules include terpenes (hydrocarbon and oxygenated monoterpenes), terpenoid
(oxygen atoms added to the hydrocarbon molecules), phenylpropene (phenyl group attached to an unsaturated
aldehyde or ether), alcohol terpene (saturated secondary alcohol) and sesquiterpenes (hydrocarbon and oxygenated
sesquiterpenes).

In the terpenes assayed, limonene, a monocyclic monoterpene, was present in Citrus junos, C. paradisi, C. reticula and
C. sinensis; γ-terpinene was present in C. junos and C. reticula. Geraniol was the most abundant compound in the EO of
C. matinii var. motia, as well as linalool (terpene with an alcohol group). The ether monoterpene 1,8-cineole, was present
at a high percentage in C. camphora, C. fragrans, E. radiata, L. nobilis, E. cardamomum, M. quinquenervia and
M. communis. Terpinene-4-ol and ʏ-terpinene, were evaluated in M. alternofolia, while Rosmarinus officinalis was
characterized by α-pinene, M. communis contained monoterpenes such as α-pinene.

Among the main terpenoids evaluated in the EOs of O. compactum and T. satureioides were carvacrol and thymol; in
contrast, borneol and β-caryophyllene were only present in T. satureioides. Thymus vulgaris contained linalool while and
linalyl acetate. The main constituents of C. nobile were methylamine angelate, metalyl angelate and hexyl-isobutyrate.

Major components ofC. longa belong to the chemical class sesquiterpenes which includes α-turmerone and β-turmerone.
In addition, within this group, zingiberene is a monocyclic sesquiterpene and the predominant constituent of the oil of
Z. officinale.Eugenol, hydroxyphenyl propene, was present in the essential oils ofE. caryophyllus.Cinnamaldehyde is an

Page 6 of 22

F1000Research 2023, 10:1027 Last updated: 27 MAR 2023

https://pranarom.us/products/essential-oils/


Ta
b
le

2.
A
n
ti
b
a
ct
er

ia
la

ct
iv
it
y
o
fe

ss
en

ti
a
lo

il
s
b
y
th

e
a
g
a
r
d
if
fu

si
o
n
d
is
k
m
et

h
o
d
.T

h
e
es

se
n
ti
al
o
ils

h
av

e
b
ee

n
g
ro

u
p
ed

in
to

fi
ve

cl
as

se
s
o
fc

o
n
si
d
er
in
g
th
e
ch

em
ic
al
st
ru

ct
u
re

o
f
th
ei
r
m
aj
o
r
co

m
p
o
n
en

t.

C
la
ss

Es
se

n
ti
a
lo

il

D
ia
m
et

er
o
f
in
h
ib
it
io
n
zo

n
e
B
.s

u
b
ti
lis

g
ro

w
th

(c
m
)1

In
h
ib
it
o
ry

a
ct
iv
it
y
o
f
EO

s
a
g
a
in
st

C
ip
ro

fl
o
xa

ci
n
(%

)2

10
0%

10
%

1%
10

0%
10

%
1%

Te
rp

en
e

Ci
nn

am
om

um
ca

m
ph

or
a

1.
7
�

0.
3

1.
0
�

0.
1

0.
2
�

0.
3

58
.9
5

75
.2
3

95
.7
4

C
in
na

m
os
m
a
fr
ag

ra
ns

1.
2
�

0.
5

0.
2
�

0.
3

0.
2
�

0.
3

70
.0
4

95
.2
3

96
.1
2

C
itr
us

ju
no

s
1.
6
�

0.
4

0.
5
�

0.
4

0.
2
�

0.
3

61
.7
1

88
.7
5

95
.7
4

C
itr
us

pa
ra
di
si

1
�

0.
2

0
�

0
0.
2
�

0.
3

76
.8
0

10
0

95
,3
5

C
itr
us

re
tic

ul
a

1
�

0.
3

0.
2
�

0.
3

0
�

0
74

.7
7

95
.2
4

10
0

C
itr
us

si
ne

ns
is

1.
6
�

0.
3

0.
5
�

0.
4

0.
4
�

0.
4

61
.6
3

87
.9
6

90
.7
0

C
ym

bo
po

go
n
m
at
in
ii
va

r.
m
ot
ia

2.
4
�

0.
9

0.
9
�

0.
3

0.
2
�

0.
4

40
.2
5

77
.8
3

94
.9
6

El
et
ta
ri
a
ca

rd
am

om
um

2.
1
�

0.
3

0.
7
�

0.
3

0.
4
�

0.
3

48
.0
1

83
.9
8

91
.4
7

Eu
ca

ly
pt
us

ra
di
at
a
ss
p
ra
di
at
a

1.
2
�

0.
3

0,
3
�

0.
3

0
�

0
70

.7
2

93
.6
5

10
0

La
ur
us

no
bi
lis

1.
5
�

0.
2

1.
0
�

0.
3

0
�

0
63

.2
2

74
.5
8

10
0

M
el
al
eu

ca
al
te
rn
of
ol
ia

1.
2
�

0.
1

0.
2
�

0.
4

0
�

0
69

.7
0

94
.4
4

10
0

M
el
al
eu

ca
qu

in
qu

en
er
vi
a

1.
5
�

0.
1

0.
7
�

0.
2

0.
4
�

0.
4

64
.3
9

81
.9
0

89
.9
2

M
yr
tu
s
co

m
m
un

is
1.
1
�

0.
2

0
�

0
0
�

0
72

.2
1

10
0

10
0

Ro
sm

ar
in
us

of
fic

in
al
is

1.
3
�

0.
2

0.
9
�

0.
3

0.
2
�

0.
4

68
.5
3

78
.3
0

94
.5
7

Te
rp

en
o
id

Ch
am

ae
m
el
um

no
bi
le

1.
3
�

0.
2

0.
4
�

0.
4

0
�

0
68

.5
5

90
.3
5

10
0

O
ri
ga

nu
m

co
m
pa

ct
um

4.
1
�

0.
1

1.
1
�

0.
2

0.
7
�

0.
1

0
72

.8
3

84
.1
1

Th
ym

us
vu

lg
ar
is
CT

Li
na

no
l

1.
5
�

0.
3

0.
9
�

0.
3

0.
5
�

0.
5

62
.9
5

77
.9
4

87
.6
0

Th
ym

us
sa
tu
re
io
id
es

2.
4
�

0.
5

0.
7
�

0.
2

0.
3
�

0.
3

40
.5
0

83
.1
4

92
.2
5

Se
sq

u
it
er
p
en

e
Cu

rc
um

a
lo
ng

a
1.
2
�

0.
3

0.
6
�

0.
1

0.
2
�

0.
3

71
.5
3

84
.3
0

95
.7
4

Zi
ng

ib
er

of
fic

in
al
e

1.
1
�

0.
4

0.
5
�

0.
4

0
�

0
74

.0
4

88
.7
5

10
0

P
h
en

yl
p
ro

p
en

e
Eu

ge
ni
a
ca

ry
op

hy
llu

s
1.
7
�

0.
3

0.
7
�

0.
2

0
�

0
57

.6
1

83
.6
1

10
0

C
in
na

m
om

um
ca

ss
ia

4.
1
�

0.
1

1.
6
�

0.
8

0.
9
�

0.
2

0.
77

59
.8
9

79
.0
7

Te
rp

en
e
al
co

h
o
l

M
en

th
a
ar
ve
ns
is

1.
7
�

0.
1

0.
4
�

0.
3

0.
2
�

0.
3

57
.3
8

91
.1
7

96
.1
2

M
en

th
a
x
pi
pe

ri
ta

1.
6
�

0.
4

0.
7
�

0.
3

0.
3
�

0.
5

60
.0
8

82
.0
3

93
.0
2

1
V
al
u
es

ar
e
m
ea

n
d
ia
m
et
er

o
f
in
h
ib
it
o
ry

zo
n
e
(c
m
)�

SD
o
f
th
re
e
re
p
lic
at
es

.T
h
e
d
ia
m
et
er

o
f
p
ap

er
d
is
k
(0
.5

cm
)i
s
in
cl
u
d
ed

.
2
V
al
u
es

h
av

e
b
ee

n
d
et
er
m
in
ed

fr
o
m

th
re
e
re
p
lic
at
es

ta
ki
n
g
in
to

co
n
si
d
er
at
io
n
eq

u
at
io
n
1
in

th
e
m
et
h
o
d
s
se

ct
io
n
.

Page 7 of 22

F1000Research 2023, 10:1027 Last updated: 27 MAR 2023



aromatic aldehyde and main component of bark and leaf extract of C. fragrans. An additional terpene alcohol assayed
belonged toM. x piperita andM. arvensis. Themajor chemical constituent ofM. x piperitawere menthol and 1,8 cineole,
which are all cyclic monoterpenes. The main difference between these molecules is the presence of different functional
groups: alcohol, ketone, and ether respectively. In addition, the difference with the EO ofM. arvensiswas the presence of
isomenthone and limonene instead of 1,8-cineole.

Antimicrobial activity
The results of this study show that not all tested EOs had the same activity against the growth of B. subtilis. Using the disk
diffusionmethod, theGram-positive bacteria under studywas inhibited by all the citrus oils tested (Table 2), which confirms
previous works.31,32 When comparing these terpene EOs’ antimicrobial activity using the agar-disk diffusion assay, we
observed that the effectiveness of limonene action increased when other terpenes were mixed, which is evidenced by
contrasting the inhibitory results against the bacteria from the action of Citrus sinensis and C. junos. Although there is
different concentration of limonene in bothEOs (Table 1). These synergistic antimicrobial effects of the isolated compounds
from C. limon against Gram-positive bacteria and B. subtilis also was observed by Nsangou et al. (2021).33

C. martinii var. motia exhibited the second most potent antibacterial activity after O. compactum, among all tested EOs
(Table 2). The antibacterial activity of O. compactum has been related to the presence of two aromatic terpenoids:
carvacrol and thymol34 as opposed to geraniol, an acyclic monoterpene alcohol,27 the main ingredient of C. matinii var
motia (Table 1).

We observed the antimicrobial activity of seven EOs (C. camphora, C. fragrans, E. radiata, L. nobilis, E. cardamomum,
M. quinquenervia and M. communis) in which the terpene 1,8-cineole (Table 2) was present in relatively high
concentrations. E. cardamomum showed the greatest inhibitory effect. A similar antimicrobial activity on the agar disks
was observed for C. camphora, L. nobilis and M. quinquenervia. The difference in the antimicrobial activity between
them may be due to the presence of some terpenes in their composition and their synergistic effects.36 For example,
E. cardamomum, L. nobilis and C. camphora showed a greater antimicrobial activity, with the former containing
α-Terpenyl acetate in greater proportions than L. nobilis, and C. camphora containing sabine (Table 1).

The remarkable difference between the chemical composition ofM. alternofolia andM. quinquenervia, and their similar
effect against the growth of B.subtilis, may be due to the presence of terpinene 4-ol37 in the former, and the presence of
1,8-cineole in the latter. The chemical components α-pinene and bicyclic terpenes could be found in the essential oil of
Rosmarinus officinalis (Table 1), whose antimicrobial activity was greater than that ofMyrtus communis. Rosemary oil
also contained other major components, such as camphene, camphor and bornyle acetate37; their synergistic effect gives
Rosemary oil a greater antimicrobial activity.38

In an agar-disk diffusion assay (Table 2), cinnamaldehyde from Cinnamomum cassia (Chinese cinnamon oil) showed a
higher antimicrobial activity against B. subtilis than eugenol from Eugenia caryophyllus (clove oil). As presented in
Table 2, the EO ofCinnamomum cassia showed an antibacterial activity comparable to that ofOriganum compactum oil,
preventing the growth of bacteria. According to the results reported in Table 2, it seems that the synergistic action of
carvacrol and thymol from O. compactum is comparable to the activity of cinnamaldehyde.

The terpenoid group included T. vulgaris and T. satureioides oils. The former contained linalool (Table 1), which from
the inhibition zone showed less inhibitory activity than T. satureioides (Table 2). The action of borneol present in
T. satureioides led to a greater growth inhibition of the bacteria through the synergistic action of carvacrol and thymol
(Table 2) present in O. compactum. These bioassays by disk diffusion showed a similar inhibition growth activity in
O. compactum and Cinnamomum cassia EOs.

Menthol, the dominant compound present inM. arvensis andM. x piperita oil (Table 1), showed a moderate antibacterial
activity against B. subtilis growth (Table 2) using the disk diffusion method.

Most of the undiluted, commercially available EOs used, gave rise to an inhibition zone against B. subtilis. Among the
24 oils tested, it was observed that their antibacterial effects were reduced at lower oil concentrations, suggesting that the
inhibition halo was dependent on each essential oil.

The antimicrobial action of these EOs, as shown by agar-disk diffusion tests, was comparable to the activity of the
antibacterial ciprofloxacin (Table 2), while the vegetal oil control did not affect the growth of bacteria. The assessed
antibiotic ciprofloxacin was selected for its antibacterial effect, previously described by Citron and Appleman (2006)29

showing antimicrobial action againstB. subtilis spores. To this end, EOswere arranged into five groups according to their
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main chemical component responsible for their inhibitory activity: terpen, terpenoid, alcohol terpenoids, sesquiterpenes
and phenylpropanoids (Figure 1A). Figure 1B shows the activity of chemical phenolic groups with respect to the other
chemical groups. These results showed the following order in antimicrobial efficiency in agar diffusion disk assays:
phenylpropene > terpenoid > alcohol terpene > terpene > sesquiterpene, without reaching statistical significance. It was
found that the oils containing alcohol, ketone, ester, oxide, and hydrocarbon as major constituents showed high
antimicrobial activity, but even higher antimicrobial activitywas found in the oils containing phenol or phenyl derivatives
that contain aldehyde and methoxy groups exhibited the highest antibacterial activity. This activity was previously
observed by other authors.6,39 Table 3 shows the reliability, referring to the consistency of the three diameter measures,
relating to the zone of growth inhibition of B. subtilis (H), and the data when comparing the activity of the 24 EOs at three
different concentrations, with the inhibitory action of Ciprofloxacin (HA) against the same bacterium. Reliability values
closer to 1 represent a stronger reliability, however, it decreases as EOs are diluted.

The results obtained in this study from inhibitory diameters and concentrations of 24 EOs, revealed that ten of them
showed higher inhibition against B. subtilis growth (Figure 2):Cinnamomum cassia (Chinese cinnamon), Citrus sinensis
(sweet orange), Cymbopogon matinii var. motia (palmarosa), Elettaria cardamomum (cardamon), Eugenia caryophyllus

Figure 1. Effect of chemical components of essential oil constituents on thegrowthofB. subtilis. In the left side,
the five chemical components groups of the EOs under study. In the right side, the graphical corresponding to the
medium values of agar diffusion disk activity against B. subtilis growth for each EOs group. (*) differences with
respect to terpenes with p < 0.05; (#) differences with respect to sesquiterpenes and alcohol-terpenes with p < 0.05.

Table 3. Values of reliability. Values of reliability from three replicates of measures of the diameter of inhibitory
zone B. subtilis growth (H) and the activity respect to the action of antibiotic Ciprofloxacin (HA) of the 24 EOS at three
different concentration.

EOs concentration

100% 10% 1%

H 0.963 0.773 0.616

HA 0.954 0.802 0.620
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Figure 2. Antimicrobial activity of Cymbopogonmatinii var.motia, Elettaria cardamomum, Eugenia caryophyllus,
Mentha x piperita, Thymus vulgaris CT Linanol and Thymus satureioides by the diffusionmethod against Bacillus
subtilis. Likewise, the major and biologically bioactive constituents present in the six essential oils are shown.

Table 4. Minimum Inhibitory Concentration (MIC) values of some essential oils against B. subtilis.

Essential oil

% B. subtilis growth inhibition1 (v/v)

10 μL/mL 25 μL/mL 50 μL/mL 75 μL/mL

Cinnamomum cassia 69.7 44.4 3.9 0

Citrus sinensis 85.7 18.7 37.5 35.3

Cymbopogon matinii var. motia 79.8 50.5 50.3 54.2

Elettaria cardamomum 23.8 44.9 51.6 52.6

Eugenia caryophyllus 91.6 92.4 90.1 84.4

Mentha arvensis 31.7 45.2 56.3 62.3

Mentha x piperita 71.6 61.9 61.1 63.6

Origanum compactum 76.7 64.9 64.8 68.5

Thymus vulgaris CT Linanol 95.3 78.4 89.3 94.6

Thymus satureioides 78.4 78.3 80.2 84.4
1Values are results of two experiments with two replicates.

Page 10 of 22

F1000Research 2023, 10:1027 Last updated: 27 MAR 2023



(clove bud), Mentha arvensis (field mint), Mentha x piperita (pepper mint), Origanum compactum (oregano),
Thymus vulgaris CT Linanol (thyme) and Thymus satureioides (thyme with savoury leaves). These EOs represent
four of the five earlier described groups (Table 2); each of them containing different chemical components found to have
high antimicrobiological action by Lira et al. (2020),27 Fisher and Phillips (2006),32 Laghmouchi et al. (2018),34

Mulyaningsih et al. (2010)35 and Bassolé and Juliani (2012).40 To analyse their antimicrobial activity in aqueous
solutions, the Minimum Inhibitory Concentration (MIC) of EOs was determined as described in our Methods. Table 4
shows the inhibitory activity of ten EOs against the growth B. subtilis, at four different concentrations (v/v) in nutrient
broth culture. The lowest MIC values were found for cardamon, sweet orange, field mint and palmarosa oils. The lowest
antimicrobial activities were observed for thymus, Moroccan thyme, peppermint and clove bud oil. The activity of
Chinese cinnamon and compact oregano oil in aqueous solutions were lower than that observed using the diffusion
method, where the EO is laid on a paper disk. After a 24 h-incubation period of B. subtilis in the presence of Origanum
compactum oil, a colour change was observed in the culture broth medium; this may be due to the presence of carvacrol,
which increases permeability of the bacterial membranes and releases H+ into the culture medium.6,41

Combined antibacterial effect
After comparing the antibacterial activity of these ten EOs against B. subtilis using disk diffusion and broth dilution
methods, and considering their antimicrobial components, we focused on Cymbopogon matinii var. motia, the main
component of which is geraniol. Palmarosa oil, with specific rose fragrance,42 appears to be a good candidate to be used as
an antibacterial agent against Bacillus subtilis in the bakery industry. Table 5 shows the results of the synergestic
antibacterial activity ofCymbopogon matinii var. motia combined with each of four EOs: Eugenia caryophyllus,Mentha
arvensis, Mentha x piperita and Thymus vulgaris CT Linalol. For this study, we carried out disk diffusions using a 1:1
(v/v) combination for C. martini var. mortia and each EO selected. The results showed that three combinations of EOs
with different bioactive components displayed an insignificant antibacterial activity against these Gram-positive bacteria:
geraniol/menthol, geraniol/menthol-menthone, geraniol/linalool. Only the geraniol/eugenol combination showed an
antagonistic effect.

Discussion
EOs are composed of a mixture of complex, low-molecular-weight organic compounds such as terpenoids, phenolic
acids, flavonoids, and phenylpropanoids.39 They represent a natural source of bioactive compounds. Their constituents
play a key role in antimicrobial activity, through properties which are toxic for bacteria and other microorganisms.
For example, the phenolic content causes disruption of plasma membrane structure and alters the membrane permeabil-
ity43; terpenes and terpenoids alter the permeability of the plasma membrane when interacting with their fatty acids,
allowing for the release of cytoplasmic constituents.7,44 All the EOs tested showed antibacterial properties against
the Gram-positive bacterium B. subtilis (Table 2), some of them having a weaker antibacterial effect than others. The
bioactive components 1,8-cineole (present in: ravintsara, saro or mandravasarota, Eucalyptus officinalis, laurel noble and
niaouli oils), α-pinene (present in: cineole blueberry and verbenone rosemary oils), α-zingiberene (present in ginger oil),
limonene (present in: yuzu junos, grapefruit, mandarin and sweet orange oil), sabinene (present in: ravintsara and laurel
noble oil) are known for their weak antibacterial activity, compared to alcoholic and phenolic monoterpenes such as
carvacrol and thymol (present in Origan compact oil).34,45 The monocyclic monoterpenoid compound terpinen-4-ol has
been shown to inhibit B. cereus biofilm formation46 and Staphylococcus aureus36 but showed a weak effect against
B. subtilis. The antibacterial activity of the Cymbopogon martinii var. motia EO (palmarosa oil) could be related to its
high levels of geraniol, an acyclic monoterpene alcohol. The antimicrobial activities of EOs appear to be related to their

Table 5. Interaction among essential oils against B. subtilis growth. Fractional inhibitory concentration and
interaction among essential oil major components

Binary composition of essential oils
(50% v/v)

Major chemical
components

Combined
antibacterial effect

Interaction1

Cymbopogon matinii var. motia/Eugenia
caryophyllus

Geraniol/Eugenol 0 A

Cymbopogon matinii var. motia/Mentha
arvensis

Geraniol/Menthol 0.51 I

Cymbopogon matinii var. motia/Mentha x
piperita

Geraniol/Menthol 0.54 I

Cymbopogon matinii var. motia/Thymus
vulgaris CT Linalol

Geraniol/Linalool 0.63 I

1I. indifference; A. antagonist.
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chemical composition, and our results corroborate previous studies showing their antimicrobial activity against the
Bacillus genus from the work by Syed et al.47

Cinnamomum cassia andOriganum compactum oils showedmore activity at higher concentration (no dilution, 100%) in
agar-disk diffusion assays; according to the results (Table 2) the former EO’s antimicrobial actionmay be associated with
the presence of high contents of E-cinnamaldehyde that can be compared with the antibacterial activity of the carvacrol
and thymol present in O. compactum oil. This was previously described by Helander et al. (1998) in relation with the
inhibitory activity against Escherichia coli.48 Regarding the antimicrobial activity shown by sesquiterpenes, which are
the main compounds of Curcuma longa, their aromatic group leads to hydrophobicity. Their poor water solubility may
explain the lower antibacterial activity against B. subtilis as described by Tønnesen et al. (2002).49 The antimicrobial
activity of oil constituents fromC. nobile (Table 2) was previously described by Piccaglia et al. (1993)50 and is known for
its therapeutic uses, especially through its binding to different cell receptors involved in several biochemical pathways,
related to inflammation and several metabolic disorder.51 Our results showed around 26% inhibition of the growth of
B. subtilis, when compared with the antibacterial activity of antibiotic ciprofloxacin, which acts at the level of the
bacteriumDNA.52 Zingiber officinale essential oil has been used as a natural food additive and preservative, and previous
studies have shown that the strongest antibacterial effect of this EO was observed against B. subtilis53; this corroborates
our results. The twenty-four EOs tested with different major chemical components (Table 1) had different degrees of
growth inhibition against B. subtilis, and their antibacterial activities were reduced at lower oil concentrations; according
to the results (Table 2) the inhibition halo was dependent on each essential oil.

After analysing EO antimicrobial effect using agar-disk diffusion assays, we focused on 10 EOs (Figure 2) to evaluate
their antibacterial activity in aqueous solution, measured as MIC (Table 4). These EOs showed antimicrobial activity
against B. subtilis, with a wide range of inhibition values; the lowest MIC values were found for cardamon, sweet orange,
fieldmint and palmarosa oil. Low antimicrobial activitywas observed for cimbru, thymewith savoury leaves, peppermint
and clove bud oils. The hydrophobic characteristic of some compounds from the EOs (E-cinnamaldehyde, limonene,
carvacrol, linalool, thymol, borneol) can explain the difference in antibacterial activity between brothmedium culture and
disk-diffusion method, for some EOs such as Chinese cinnamon and oregano compact oils.

This study has conducted an analysis about the antibacterial activity of the EOs againstB. subtilis (Tables 2 and 3). Taking
into consideration the previous results from other authors in this matter,54 we set a goal to perform a specific study for
C. martinii var. motia, EO with a high geraniol content (Table 1) to which different biological activities have been
attributed (antimicrobiological, antioxidant and anti-inflammatory) by Mączka et al.,55 highlighting the fact that EOs
contains major and minor chemical components, and their combination can contribute to their antimicrobial properties.
However, due to the impact of the taste and scent of some EOs, their application as food preservatives is not fully
extended; therefore, the combination of different EOs is an alternative to improve these effects as well as to reduce their
organoleptic impact in food. It was suggested that some mixtures of these EOs could be determining synergistic,
antagonistic, or absence of interactions between them against bacterial growth.56,57 Studies on the antimicrobial activity
of EO associations were developed using binary combination at the same proportion (v/v), using the disk diffusion
method, which consisted of four binary combinations of C. martinii var. motia with E. caryophyllus, T. vulgaris CT
Linalol,M. arvensis andMentha x piperita EOs. The results of the combined effect of blending of monoterpene alcohols
(geraniol, linalool), cyclic terpene alcohol (menthol), phenylpropanoids (eugenol), is showed in Table 5. The geraniol/
eugenol combination showed antagonistic effects on the growth of B. subtilis, while geraniol/menthol and geraniol/
linalool showed no effect. Eugenia caryophyllus did not show an antimicrobial effect when it was tested independently
(2.5 μL). However, the study carried out by Galluci et al. (2009),57 showed that the geraniol/menthol combination
exhibited a high antimicrobial activity against B. cereus, and the synergistic antimicrobial activity of geraniol/eugenol
was partially efficient against the bacteria.

Pathogen control in the food industry is the key to ensure food safety,58 including bakery products, which play important
roles in human health and diet.59 Previous authors have also shown the antibacterial activity of monoterpenes were
present in EOs, and their potential use for the food industry.20,25,60 Geraniol is non-polar, making it more able to permeate
the lipid structure of microorganic cell membranes, causing K+ leakage from Saccharomyces cerevisiae.61 Considering
that geraniol is the principal components of C. martinii var. motia (> 80%), together with geranyl acetate, linalool and
b-caryophyllene, it appears to be a good alternative as an additive.

Fresh dough is a type of product readily susceptible to microbial deterioration; however, many of the chemicals licensed
for use as food preservatives are being questioned regarding their effects on human health. The bakery industry tries to
control microbiological spoilage by following several strategies including reformulation of the product and incorporating
some preservatives; this is not an easy task, as microorganisms are found in the air or in the water. There are few research
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reports on EO applications in bread or other bakery products, or the impact their addition can have on dough and bread
production, on physico-chemical, microbiological, and taste aspects. The spoilage of bakery products may occur through
microbiological contamination.

Rope formation is a serious, but underreported food security problem in the bakery industry. Although this problem has
been recognized for many years, effective means of prevention have not yet been determined. B. subtilis is one the
bacteria responsible for rope spoilage in bread preservation processes.62,63 Recent studies have revealed the antibacterial
activity of different EOs applied in bakery products including thyme, cinnamon, oregano, and lemongrass, that can
inhibit the growth of harmful microorganisms, resulting in a product with extended shelf-life and enhanced safety.63

Palmarosa oil is a good alternative as an additive in the bakery industry since in addition to its antimicrobial activity, its
volatility has been previously shown to cause the reduction of approximately 60% of the geraniol component over
24 hours.61 A controlled liberation of the EO and the high evaporation rate of geraniol may avoid lethal damage of baking
yeast during the bread-making process.

Nanotechnologies offer very interesting prospects for food industry, the 'novel food' includes innovative food, as well as
food produced using new technologies and production processes. References to nanotechnology and nanomaterials in
European regulations are scarce, especially to the use of essential oils as preservatives for bakery products.64 The use of
palmarosa oil could be considered to avoid the presence of “rope in bread”, considering their activity against B. subtilis
and its pleasant fragrance, which can improve the flavor of the product. At the same time, the palmarosa essential oil plays
an important role as an antioxidant in food, thus preventing potential health risks associated with microbial contami-
nation. It is highly reactive against free radicals from reactive oxygen species generated by a wide variety of sources
in biological systems.65 Microencapsulation using EOs presents the advantage that it maintains the effectiveness of
antimicrobial activity through the gradual release of the active components of EO, from the capsules to the bakery
product. We must not ignore other possible uses of palmarosa oil, and its high proportions of geraniol, to increase the
safety of bakery products, such as essential oil-loaded films, analysed by Agarwal et al. (2020),66 which can be used in
active bakery ingredients such as those used in sourdough.

Conclusions
The antimicrobial activity of EOs depends on their composition in volatile compounds, such as terpenes, terpenoids,
phenol-derived aromatic components and aliphatic components. They represent a natural source of bioactive compounds.
A total of 24 EOs, with different compositions, have been analysed.

The EOs tested showed different antibacterial effects against the growth of Bacillus subtilis. These antibacterial activities
were reduced at lower oil concentrations; thus, the result from the disk diffusion tests suggest that the antibacterial activity
of each EO is dose-dependent. These results show the following antimicrobial activity in order of efficiency in agar
diffusion disk assays: phenylpropene > terpenoid > alcohol terpene > terpene > sesquiterpene. It was found that the oils
containing alcohol, ketone, ester groups and hydrocarbon as major constituents exhibited a greater antimicrobial activity,
whereas the oils containing aldehyde ormethoxy groups covalently linked to aromatic organic compounds such as phenyl
and phenol groups, exhibited dominant activity in disk diffusion method.

The results obtained in this study confirm that Cymbopogon martinii var. motia, which contains geraniol, a compound
with antioxidant effects, may be used to prevent the growth of B. subtilis, responsible for “rope formation” in the bakery
industry. The formulation of palmarosa/clove bud EOs tested in this study have an antagonistic effect against the growth
of B. subtilis.

The possible use of palmarosa oil, as a potential natural solution to increase the shelf life and safety of bakery products,
brings new technological solutions. With the development of techniques such as nanoencapsulation for bakery doughs,
active packaging of baked products or new surface disinfectants, theCymbopogonmartinii var. motia essential oil can be
an alternative in the bakery industry due to his high evaporation rate and organoleptic effect.

Data availability
Underlying data
Figshare: Antibacterial activity of EO against Bacillus subtilis, https://doi.org/10.6084/m9.figshare.15129057.67

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CC BY 4.0 Public
domain dedication).
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Details of some methods have not been fully addressed. For example, the author stated that they 
used nutrient broth agar plate for antibacterial activity of the essential oil which is not 
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appropriate. As such, the author should know that the standard medium to be used for any 
sensitivity testing is Mueller Hinton agar. However, broth and agar are two different entity, both 
cannot be use concurrently. 
  
Furthermore, preparation of essential oil concentrations was not clearly explained.   
 
Under discussion, the author should compare the current findings with related reports from other 
researchers. This is because, different bacteria have different response against antimicrobial 
agents, in which essential oils are inclusive. 
 
Otherwise, the authors did a good job.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Antimicrobial resistance

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 21 Feb 2023
Maria Angeles Rojo 

Thanks for your advice and corrections. Below we provide responses to your observations. 
 
1. “For example, the author stated that they used nutrient broth agar plate for antibacterial 
activity of the essential oil which is not appropriate. As such, the author should know that the 
standard medium to be used for any sensitivity testing is Mueller Hinton agar” 
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The remark proposed is right. In the present study “Mueller Hinton agar” was considered to 
be a non-selective medium; the purpose of our study was to analyze EOs activity under the 
same conditions as those where the bacteria were laboratory-grown and preserved. 
Commercial EOs were not to be filtered prior to their use on the disk diffusion 
microbioassay in order to keep their small-sized volatile components. Yet, it would be of the 
utmost interest to conduct the same trials concerning the biological activity in the standard 
medium to compare the outcomes regarding antimicrobial activity. 
 
2. “However, broth and agar are two different entity” 
 
It has been corrected in the text. 
 
3. “preparation of essential oil concentrations was not clearly explained” 
 
Thank you for your comment, it has been modified in the text. Furthermore, it can also be 
stated that we used the microdilution method, where essential oils were 10 or 100 fold 
diluted. The % unit  was used to indicate the volume of EO added. 
 
4. “Under discussion, the author should compare the current findings with related reports from 
other researchers. This is because, different bacteria have different response against 
antimicrobial agents, in which essential oils are inclusive” 
 
In the bibliography we located studies of the same bacterium under study where the 
authors searched for antagonistic microorganisms against B. subtillis [Pepe O, Blaiotta G, 
Moschetti G, Greco T, Villani F. Rope-producing strains of Bacillus spp. from wheat bread 
and strategy for their control by lactic acid bacteria. Appl Environ Microbiol. 2003 
Apr;69(4):2321-9]. 
 
In view to the study of ropiness in bread, B. subtillis is the bacteria that, according to our 
preliminary bibliographic search, was the least used in the analysis against the action of 
EOs. 
 
Concerning the characteristics of C. martinii var. motia, no similar studies were found. Just to 
mention an example, a bacteria analyzed by different authors is S. aureus due to its 
production of different toxins and its implication in human health.  
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Daniel Rico  
Agrarian Technological Institute of Castilla and Leon (ITACyL), Valladolid, Spain 

The work titled “Essential oil of Cymbopogon martini, source of geraniol, as a potential antibacterial 
agent against Bacillus subtilis, a pathogen of the bakery industry”, and submitted for publication to 
the F1000Research journal, is focused on screening the antibacterial effect against B. subtilis of a 
number of chemotyped essential oils. 
 
The experimental design is appropriate to the objective intended, and the experimental 
methodology sufficiently described in detail. Antimicrobial activity of a significant number of 
essential oils against B. subtilis is presented, and discussed based on the main components 
present in these EOs. Interesting potential of the Cymbopogon martinii var. motia essential oil is 
concluded by the authors. 
 
I find the work suitable for indexing after minor revision. Please check comments below. 
 
Section Results/Chemical composition of EOs (Pranarôm [S.A]). Since the results showed in this 
subsection are a compilation of the information provided by the essential oil manufacturer, I 
would recommend the authors to reduce the extension of this part, and keep the minimal 
extension to fulfil the main purpose of classification of the different EOs used based on their main 
compound. I would also recommend to avoid the use of terms such as “analysed” or “identified”, 
which could create some confusion on the origin of the results of this subsection. 
 
Subsection “Determination of minimum inhibitory concentration of essential oils against B. subtilis” 
(in Methods, Page 4). Regarding EOs selection of 10 for the second part of the experimental work, 
the authors have stated that “This selection also considered the principal chemical component in 
their composition”. Could the authors please be more specific and clarify the criteria for this 
selection of 10 EOs? Many thanks. 
 
In table 2, the description given of the second calculated parameter, “% B. subtilis growth 
inhibition against Ciprofloxacin”, seems a bit confusing. Please provide a clearer definition, as it 
appears that a 0% should correspond to no inhibition at all, as it says growth inhibition, when 
from the equation and diameters of inhibition areas, it appears 0% corresponds to 100% inhibition 
(similar to ciprofloxacin). 
 
Please specify in material and methods, section “Combined antibacterial effect of EOs using disk 
diffusion test”, how values over 1 are classified, as some over 1 are shown in Table 4, and classified 
as “indifference” 
 
Section “Conclusion”. It would be interesting to add some comments in regard the concentration 
of the EO that should be necessary for the applications (bakery) suggested. 
Also, a comment on one of the sentences in this same section. Please revise the sentence finishing 
“…groups, exhibited dominant diffusion activity”, and check if it conveys the intended meaning by 
the authors. Maybe the word “dominant” should be checked. Thank you.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

 
Page 19 of 22

F1000Research 2023, 10:1027 Last updated: 27 MAR 2023



Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Food processing (novel technologies). Postharvest. Bioactivity (in vitro) 
determination of food matrices and ingredients.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 21 Feb 2023
Maria Angeles Rojo 

Thanks for your advice and corrections. Below we provide responses to your observations. 
 
1. “Section Results/Chemical composition of EOs (Pranarôm [S.A]). Since the results showed in this 
subsection are a compilation of the information provided by the essential oil manufacturer, I 
would recommend the authors to reduce the extension of this part, and keep the minimal 
extension to fulfil the main purpose of classification of the different EOs used based on their main 
compound. I would also recommend to avoid the use of terms such as “analysed” or “identified”, 
which could create some confusion on the origin of the results of this subsection”. 
 
The information in the section of results has been reduced. The terms "analysed" or 
"identified" have been replaced by "assayed" and "evaluated" respectively. 
 
2. Subsection “Determination of minimum inhibitory concentration of essential oils against B. 
subtilis” (in Methods, Page 4). Regarding EOs selection of 10 for the second part of the 
experimental work, the authors have stated that “ 
 
This selection also considered the principal chemical component in their composition”. 
Could the authors please be more specific and clarify the criteria for this selection of 10 
EOs? “In the section we have expanded the information which, in addition to taking into 
account our results, considers previously published results 
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3. “In table 2, the description given of the second calculated parameter, “% B. subtilis growth 
inhibition against Ciprofloxacin”, seems a bit confusing. Please provide a clearer definition, as it 
appears that a 0% should correspond to no inhibition at all, as it says growth inhibition, when 
from the equation and diameters of inhibition areas, it appears 0% corresponds to 100% 
inhibition (similar to ciprofloxacin).” 
 
The appreciation has been considered and we have changed "% B. subtilis growth inhibition 
against Ciprofloxacin" to " Inhibitory activity of EOs against Ciprofloxacin (%)". In addition, a 
footnote has been added referring to equation 1 in the methods section. 
 
4. “Please specify in material and methods, section “Combined antibacterial effect of EOs using 
disk diffusion test”, how values over 1 are classified, as some over 1 are shown in Table 4, and 
classified as “indifference”” 
 
In the methodology section, it has been described in the wrong way. And therefore, the 
calculations reflected in Table 4 are erroneous.  
 
They have been corrected 
 
Actually, the combination effect is calculated: I=D/(DA+DB) 
 
Thank you, It has been corrected 
 
5. “Section “Conclusion”. It would be interesting to add some comments in regard the 
concentration of the EO that should be necessary for the applications (bakery) suggested.” 
 
Thank you for your suggestion. In our study we only focused on the possibility of using EO 
for bakery, analysing its effectiveness on the growth of B. subtilis. But the proposal is 
interesting to extend the study, our group is in fact extending the analysis to bakery 
products. 
 
6. “Also, a comment on one of the sentences in this same section. Please revise the sentence 
finishing “…groups, exhibited dominant diffusion activity”, and check if it conveys the intended 
meaning by the authors. Maybe the word “dominant” should be checked. Thank you.” 
 
Thank you for your correction, it has been added “activity in disk diffusion method”  

Competing Interests: No competing interests were disclosed.
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