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ABSTRACT: Clove and lemon basil are widely used in Indonesian culinary and known for their antimicrobial properties. This
study was designed to identify the chemical constituents of individual clove and lemon basil essential oils and evaluate the effects
of their combinations for the preservation of chicken meats. The essential oils were obtained from a steam and water distillation
method and their chemical constituents were analyzed with Gas Chromatography-Mass Spectrometer (GC-MS). Their potential
preservation effect was evaluated by observing the physical characters of the meats and the reduction of the microbial growth on
the meats during 15 days of refrigerated storage. The major constituents of clove essential oil were eugenol, 3-caryophyllene, and
a-humulene, while those of lemon basil were estragole, linalool, E-citral, and Z-citral. The combination of clove and lemon basil
essential oils, particularly at ratios of 1:1 and 2:0.2% v/v, capable of delaying the changes of physical characters of the meats until
the final day of storage. Those two ratios showed the best reduction in the microbial growth in day 3 and 9, respectively. This
preservation potential might be related to the high proportion of eugenol and citrals in both essential oils.
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INTRODUCTION
Chicken meat is one of the most popular meats and
commonly consumed worldwide for being considered
as healthier and is frequently more affordable than other
meats (Farrell, 2019; OECD-eLibrary, 2019). However,
it contains a high amount of water, proteins, and fats that
enables the growth of microorganisms on it (FAO, 2019).
It is easily spoiled by microorganisms and furthgg has
a relatively short shelf life. In order tg i
life and minimize the risk
poisoning, a pre

[

process is

said purpose have gained significant interests
(Al-Hijazeen et al., 2016; Alnoman et al., 2017; Raeisi et
al., 2016). Essential oils of spices and herbs with profound
antimicrobial activity are interesting to be explored further
for our familiarity with their taste and aroma in our daily
meals. Clove (Syzygium aromaticum (L.) Merr. & L.M.
Perry, Myrtaceae) and lemon basil (Ocimum x africanum
Lour.,, Lamiaceae) are commonly used in Indonesian
culinary and potentially applied as a natural preservative
of chicken meats.

Clove essential oil has been widely known as an
antimicrobial agent against bacteria and fungi (Hamad et
al.,2017; Naveed et al., 2013; Sethi et al., 2013). It has been
applied in the food preservation model with a moderate to
strong efficacy (Hamad and Hartanti, 2015). The lemon
basil essential oil has demonstrated antimicrobial activity
against a wide array of microorganisms, including the food
spoilage ones (Carovic'-Stanko et al., 2010; Kaya et al.,

ong i 1f

2008; Khalil, 2013). It also has been applied as natural
foods preservative (Gaio et al., 2015; Joshi, 2014).

Although the antimicrobial effects and potential food
nom basil essential oils
vidually evaluated.

nergistic effect is desirable in the application
of essential oil for food preservatives since the lower
concentration of respective essential oils will not affect the
flavor, aroma and reception level of the food. Combining
essential oils is expected to increase their antimicrobial
activity but also retain the character of the preserved foods
(Rialita et al., 2015). This study was conducted to analyze
the chemical constituents of individual clove and lemon
basil essential oils as well as evaluate the potential of their
combinations as the natural preservative of fresh chicken
meats.

MATERIALS AND METHODS

Preparation of plant materials

Leaves of clove and aerial parts of lemon basil were collected
from Pemalang and Banyumas, Central Java, Indonesia,
respectively. The plant materials were authenticated at
the Laboratory of Plant Taxonomy, Universitas Jendral
Soedirman, Purwokerto, Central Java, Indonesia. Both
were dried under the direct sunlight (8 am — 3 pm) for 4
days.

Extraction of essential oils
The essential oils of clove and lemon basil were distilled
with steam and water distillation as previously conducted
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(Hamad et al., 2017). Each distillation process was run for
the average time of 7 h. The remained water in the essential
oils was absorbed with Na SO, and stored in a tightly closed
amber vial at a temperature of 4°C until further analysis.

Identification of chemical constituents of essential oils
Essential oils were analyzed using a hyphenated gas
chromatography-mass  spectrometer (QP2010  SE,
Shimadzu, Japan) utilized a dimethylpolysiloxane column
(SH-Rxi-5Sil MS, Shimadzu, Japan). The condition of
the separation and ionization of the separated constituents
followed a previously reported method (Hartanti et al.,
2018). The identification of constituents was conducted
by comparing the mass spectrum of each constituent with
those available in a spectral library (Wiley 6.0, Wiley
Science Solution, USA).

Evaluation of preservation potential of combinations of
clove and lemon basil essential oils

The fresh chicken meats used in this study were obtained
from a local market at Purwokerto, Indonesia. The breast
meats were cut in size of 1x1xl cm and immersed in
sterile water at the temperature of 100+5 °C for 5 s to
reduce the number of microorganisms on their_surfac
The preservation potential of the combination

and lemon basil

along with

in a con

prepareg

dimethy (DMSO) and making the final volume
of 500 mPwith sterile water. DMSO in the water at the

concentration of 2% v/v was used as the negative control.
The cubed chicken meats were immersed in the essential
oil preparations for 1 minute and aseptically kept under
refrigerated storage with a temperature of 5+2°C for 15
days. The physical characters of the preserved meats and the
indirect enumeration of bacterial growth on the meats were
carried out in 3 day-interval in day 0, 3, 6, 9, 12, and 15.
On the respective observation days, the bacterial growth on
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meats was analyzed with an indirect enumeration method,
that each cube of meats was put in 25 ml of sterile nutrient
broth (NB) medium and then homogenized for a minute.
One ml of suspension was transferred into 9 ml of sterile
NB and then put in an incubator (KS40, IKA, Malaysia) at
a temperature of 37°C for 24 hours. The optical densities
(OD) of cultured bacterial suspensions were recorded
with the UV-Vis spectrophotometer (UV-1240, Shimadzu,
Japan) at a wavelength of 600 nm. The physical characters
of the preserved meats, including odor, texture, and
formation of slime were simultaneously evaluated. All the
works were replicated 3 times.

Statistical data analysis

The reduction in the microbial count of cultured bacterial
suspensions in NB was calculated by subtracting the value
of the ODs obtained from each treatment group with that
of the negative control on the.same observation day. The
differences between the e OD reduction among
by one-way analysis
sts with p-value <0.05
of IBM SPSS Statistics 20

RESULTS AND DISCUSSION

ecam and water distillation of clove and lemon basil
dried plant materials produced essential oils with a yield
of 0.84 and 0.76%, respectively. There are 17 compounds
identified from the clove essential oil, with eugenol,
trans-P-caryophyllene, and o-humulene as the main
constituents (Table 1, Figure 1). Eugenol is typically the
most abundant constituent of clove essential oils. However,
the concentration of eugenol is varied according to the
source of the clove. A study on one obtained from Lavras,
Brazil showed that eugenol (89.80%), trans-caryophyllene
(5.88%), and a-humulene (2.30%) as the major constituents
(De-Oliveira et al., 2013). Eugenol was detected in a lower
concentration (75.19%), along with trans-caryophyllene
(18.36%) and a-humulene (2.73%) in essential oil distilled
from clove leaves collected in Banyumas, Central Java,
Indonesia (Hamad et al., 2017).

5000000-15.275.709 s
003y
4000000

3500000
3000000
2500000
20000003
1500000
1000000

" E

839

5

°
6108
8516

>

8

°

TIq

6811987

17.830

—He2 812

T T i R T ?
lO.J 200

Figure 1. GC-MS chromatogram of (A) clove and (B) lemon basil essential oils
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Lemon basil essential oil constituted of 11 constituents
with estragole, linalool L, E-citral and Z-citral as major
compounds (Table 1, Figure 1). Our result is following
a previously reported study, that estragole, E-citral, and
Z-citral were the principal components of lemon basil
essential oil collected in Chiang Mai, Thailand (Tangpao
et al., 2018). However, the different percentage of each
compound in lemon basil essential oil was reported
following the different harvesting and post-harvest drying
methods of lemon basil aerial parts. Citral (55.0-75.5%),
y-bisabolene (2.6-9.5%), nerol (1.7-8.9%), geraniol (1.5-
6.5%)), linalool (1.1-6.0%), and B-caryophyllene (0.7-3.2%)
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In this study, the bacterial growth on the meats during storage
was enumerated by an indirect method utilizing OD of the
culture of the meats, which was express as the reduction in
OD. The more reduction in OD of the culture of the meats
in NB of a given sample indicated the presence of fewer
bacteria on the chicken meats. The fewer bacteria were
resulted from the bacterial growth inhibitory activity of the
essential oils. Hence, the more reduction in OD represented
better antibacterial properties of a given sample. In general,

me effect on day 9 (Figure 2).
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Figure 2. The profile of the reduction in the microbial count by indirect microbial enumeration on the meats during storage

Clove essential oil acts as an antibacterial agent by the
mechanism of inducing cell lysis. A study mentioned that
both cell wall and membrane of E. coli and B. subtilis
showed significant damage after treatment with clove
essential oil (Rhayour et al., 2003). Besides, clove oil’s
antimicrobial activity was also mediated by oxidative
stress, loss of motility, and also changes in the expression of
virulence-associated genes, as observed in Campylobacter
Jejuni (Kovacs et al., 2016). Until now there is no report on
the modes of action of antimicrobial activity of lemon basil
essential oil yet. However, when two essential oils were
combined, they produced synergism by a mechanism of
sequential inhibition of a common biochemical pathway,
inhibition of protective enzymes, and enhancement of the
uptake of another oil use (Bassolé and Juliani, 2012).

Our result demonstrated that the combination of clove
and lemon basil essential oils possessing a better activity
in inhibiting the growth of microorganisms on the meats
during storage than that of the individual essential oil use.
It might be related to the synergistic antimicrobial activity
of the individual oils as reported elsewhere. For example,
the combination of lemongrass and Kachi grass essential
oils was proven to exert synergistic antibacterial effects
against Staphylococcus aureus, Listeria monocytogenes,
Escherichia aerogenes, and Salmonella typhimurium
(Bassol¢ et al., 2011). Synergism effects were also shown
by the combination of essential oils of oregano and basil,
oregano and bergamot, as well as basil and bergamot
against S. aureus (Lv et al., 2011).
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Each compound in a given essential oil contributes
differently to its overall antimicrobial activity. Oxygenated
compounds are considered possessing a more prominent
antimicrobial activity while the hydrocarbons are usually
inactive (Chouhan et al., 2017). In our study, lemon basil
essential oil contained a higher number of oxygenated
compounds than that of the clove. The theoretical relative
volume of oxygenated compounds in each concentration
ratio of the combination of clove and lemon basil essential
oils was calculated to find the relationship between the
preservation® potentials with their chemical compounds.
They were calculated based on the area of the oxy ted
compounds in the GC-MS chrom
each essential oils in_a.gi
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antibacterial activity among the oxygenated compounds (EI-
Shenawy et al., 2015). Nearly all oxygenated compounds in
clove essential oil were phenols (eugenol) and aldehydes
(E-citral), while lemon basil essential oil only contained a
much lower fractions eugenol, Z-citral, and E-citral (Table
1). Calculated in the same way as that of oxygenated
compounds, the combinations of clove and lemon basil
essential oils in ratios of 2:0 :1% v/v showed the

ation ratio of 2:0.2 and 1:1% showed the highest
theoretical relative volume of oxygenated compounds as
well as the best bacterial growth inhibitory activity in day
3 and 9, respectively.

Table 1. Chemical constituents of clove and lemon basil essential oils

Chemical Constituents Retention time (min) Area (%)
Clove Lemon basil
3,3-Dimethylpentane 2.075 0.14 -
2-Methylhexane 2136 022 -
2,3- Dimethylpentane 2.170  0.08 -
3- Methylhexane 2209  0.21 -
3-Ethylpentane 2301  0.17 -
n-Heptane 2420  0.09 -
Methylcyclohexane 2.737  0.03 -
1-Ethyl butyl hydroperoxide 8.869  0.05 -
Linalool oxide 15.795 - 035
Linalool 17.830 - 18.9
Estragole 24.372 - 55.78
Z-Citral 27.028 - 6.54
E-Citral 28916  0.05 10.06
a-Cubebene 32.604  0.56 -
Eugenol 32772 67.0 0.64
o-Copaene 33.721  0.56 0.15
Trans-B-caryophyllene 35297 25.64 1.51
a-Humulene 36.505  2.66 0.45
A-Cadinene 37.063  0.07 0.11
B-Farnesene 37.457  0.15 -
Caryophyllene oxide 40.270  0.86 0.26
Total area 98.54 94.75
Total hydrocarbon compounds 29.93 222
Total oxygenated compounds 68.61 92.53
Total phenol and aldehyde compounds 67.05 17.24
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Figure 3. The profile of theoretical relative volume of oxygenated compounds as well as aldehydes and phenols in each
concentration ratios of the combination of clove and lemon basil essential oils

The presence of bacteria caused changes in the physical
characters of the meats. The bacteria broke proteins and
lipids down to obtain nutrients they can use for metabolism.
The changes in texture and odor, as well as the slime
formation, oni the meats, are resulted from this progess.
The breakdown of the macromolecules

aly,

‘ cginning of the study, the odor of
the meats Was a typical fresh one. They had a solid texture
and there was no slime detected. Right after the treatment

with samples, the odor of meat individual essential oil

>d to smell putrid,

ormation were also observed. The changes of the physical
characters were observed later in meats treated with the
combination of the essential oils. Combinations of clove
and lemon basil essential oils, particularly at the ratios of
1:1 and 2:0.2% v/v, were capable of preserving the initial
characters of the meats until the final day of the storage
(Figure 4).

I Negative control

[ Clove 1%

I Lemon basil 1%

[ Clove - lemon basil (2:0.2%)
I Clove - lemon basil (1:1%)
[ Clove - lemon basil (0.2:2%)

Slime formation

Texture
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0 2 4 6 8 10 12 14 16

The first time changes were observed (day)

Figure 4. The effects of combinations of clove and lemon basil essential oils to the first day when the initial
changes in physical characters of the preserved meats were observed
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The capacity of the samples in delaying the changes of
physical characters of the meat represents their respective
preservation potential. It was calculated by comparing the
first day when any physical characters of meats treated with
given samples were observed to those in negative control
groups. Both individual cloves and lemon basil essential
oils showed the preservation potential for 6 days. The
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combinations of those oils in all concentration ratios used
were capable of providing a longer time of protection before
one or more characters of chicken meats were changed than
those in the individual uses. The combination of essential
oils of clove and lemon basil, particularly in concentration
ratios 0f 2:0.2 and 1:1% v/v, provided the best preservation
potential for the meats during storage (Figure 5).

Clove-lemon basil (0.2:2%)

Clove-lemon basil (1:1%)

Clove-lemon basil (2:0.2%)

Lemon basil 1% -

T T
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Figure 5. The effect of combinations of clove and lemon basil essential oils to
their preservation potential for the chicken meats

When the results of the evaluation of reduction in
the microbial count, the theoretical relative volume
of antimicrobial-active compounds, and preservation
potential were taken into account, the combinations
of clove and lemon basil essential oils demonstrated a
better preservation potential compared to the individual
oil use. At the ratios of 2:0.2 and 1:1% v/v, it showed

changes for 12 day
result confirms i0

also shown b bination of lemongrass and onion
essential oils, Which their use caused a greater reduction
in the growth of E. coli, L. monocytogenes, and S. aureus
on the spinach and romaine lettuce leaves compared to the
individual use of each essential oil (Ortega-Ramirez et al.,
2017). In addition, the better acceptability of the use of
essential oil combinations as a natural food preservative
has been reported. The application of a combination of
Chinese cinnamon and common cinnamon essential oils to
the cooked meats was organoleptically acceptable up to the
concentration of 0.05% v/w of the meats (Ghabraie et al.,
2016).

CONCLUSION

The combinations of essential oils of cloves and lemon
basil at ratios of 1:1 and 2:0.2% v/v exerted the best chicken
meat preservation potential. They were capable of reducing
the microbial count on the meats and delaying the changes

in physical characters of chicken meats for 12 days during
refrigerated storage. This meat presemyation effects might
be related to the presence i s of oxygenated
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