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HIGHLIGHTS

¢ Eugenol, B-caryophyllene, and a-humulene were the dominant constituents of clove Essential Oil (EO).
o Estragol, linalool, E-citral, and Z-citral were the main compounds of lemon basil EO.
e The combinations of clove and lemon basil EOs showed a better microbial inhibitory compared to the single use.
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Background: Clove and lemon basil are widely used in Indonesian culinary and known

Keywords for their antimicrobial properties. This study was designed to identify the chemical
Syzygium constituents of single clove and lemon basil Essential Oils (EOs) as well as determine the
Ocimum . Lo . .

Oils, Volatile potential of the combinations of both EO for preserving chicken meats.

Meat Methods: The compositions of clove and lemon basil EOs were evaluated with
Food Preservation Gas Chromatography-Mass Spectrometer. Three different concentration ratios of the

; : combination of clove and lemon basil EOs (2:0.2, 1:1, and 0.1:2% v/v) were prepared
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Received: 1 Nov 2019 along with single clove and lemon basil EOs in a concentration of 1% v/v. Their potential
Revised: 3 Mar 2020 preservation effect was evaluated by observing the reduction of the microbial growth on
Accepted: 15 Mar 2020 the meats by evaluating Optical Density (OD) of cultured bacterial suspensions during 15

— days of refrigerated storage. Statistical analyses were conducted by SPSS Statistics v. 20.
Acronyms and abbreviations Results: The major constituents of clove EO were eugenol, B-caryophyllene, and o-
EO=Essential Oil J g > yophy >
OD=Optical Density humulene, while those of lemon basil were estragol, linalool, E-citral, and Z-citral. Both
treatment groups and storage time affected significantly on ODs of the samples. Combi-
nation of these two EOs, particularly at the optimum ratio of 1:1%, showed the best
microbial inhibitory activity, and delayed the sensorial changes of the meats for 12 days.
Conclusion: The combinations of cloves and lemon basil EOs showed a better microbial
growth inhibitory activity and preservation potential than those of the single use. This
meat preservation effects might be related to the presence of high fractions of oxygenated
compounds, mainly eugenol, Z-citral, and E-citral in both clove and lemon basil EOs.
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Introduction

Chicken meat is one of the most popu|ar meats and 2017, Gonzalez-Garcia et al., 2018) HOWeVer, it contains
commonly consumed worldwide (Erian and Phillips, a high amount of water, proteins, and fats that enables the
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growth of microorganisms (Wang et al., 2017). In order
to prolong its shelf life and minimize the risk of food-
borne illness, a preservation process is required for
chicken meat (Dave and Ghaly, 2011).

Chemical preservation efforts on chicken meat have
been evaluated by many researchers. The applications of
chitosan, nisin, and Essential Oils (EOs) for the
mentioned purpose have gained significant interests (Al-
Hijazeen et al., 2016; Alnoman et al., 2017; Raeisi et al.,
2016). EOs of spices and herbs with profound antimicro-
bial activity are engaging to be explored further for our
familiarity with their taste and aroma in our daily meals.
The antimicrobial activity of some plant EOs have been
considered beneficial in reducing the growth of the
spoilage microorganisms on the foods, and hence protect
them from degradation process and eventually result in
the improved shelf life (Hyldgaard et al., 2012; Pandey et
al., 2017).

Clove (Syzygium aromaticum L., Myrtaceae) and lem-
on basil (Ocimum x africanum Lour., Lamiaceae) are
commonly used in Indonesian culinary. Clove EO is well
known as an antimicrobial agent against bacteria and
fungi (Hamad et al., 2017; Naveed et al., 2013; Sethi et
al., 2013). It has been evaluated in food preservation
studies and resulted in moderate to strong efficacy
(Hamad and Hartanti, 2015). On the other hand, the
antimicrobial activities of lemon basil EO were reported
against various microorganisms, including yeasts,
common bacterial pathogens, and also the food spoilage
ones (Carovic'-Stanko et al., 2010; Kaya et al., 2008;
Khalil, 2013).

While the single-use of EOs generally resulted in the
relatively low to moderate antimicrobial potencies, their
uses as a combination were believed to generate the
synergistic activities (Bassolé and Juliani, 2012). This
synergistic effect is desirable in the application of EO for
food preservatives since the lower concentration of
respective EOs will not affect the flavor, aroma, and
reception level of the food. Combining EOs is expected
to increase their antimicrobial activity but also retain
the character of the preserved foodstuffs (Rialita et al.,
2015).

Although, the antimicrobial activities and further food
preservation potentials of both clove and lemon basil
EOs have been described before, most of the reports
evaluated them in the single-use. There were no reports
on their use in a combination yet for meat preservation.
Thus, this study was conducted to analyze the chemical
constituents of clove and lemon basil EOs as well as
evaluate the potential of their combinations as the natural
preservative of chicken meats.

Materials and methods

Preparation of plant materials

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

Extraction of EOs

Dried clove and lemon basil were separately distilled
with steam and water distillation, as previously conduct-
ed by Hartanti et al. (2018). Each distillation process was
run for the average time of 7 h. The remained water was
absorbed with Na,SO, and stored in a tightly closed
amber vial at a temperature of 4 °C until further analysis.

Chemical constituents of EOs

EOs were analyzed using a hyphenated Gas Chroma-
tography-Mass Spectrometer (GC-MS, QP2010 SE, Shi-
madzu, 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 described by
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).

Preparation of experimental groups

The fresh chicken meats used in this study were ob-
tained from a local market at Purwokerto, Indonesia. The
breast meat cubes (1x1x1 cm) were immersed in sterile
water at a temperature of 1005 °C for 5 s to reduce the
number of microorganisms on their surface. The preser-
vation potential of the combination of clove and lemon
basil EOs were evaluated by following a previous report
(Hartanti et al., 2018). In brief, three different concentra-
tion ratios of the combination of clove and lemon basil
EOs (2:0.2, 1:1, and 0.1:2% v/v) were prepared along
with single clove and lemon basil EOs in a concentration
of 1% v/v. They were prepared by dissolving EOs in the
equal volume of dimethyl sulfoxide (DMSO) and making
the final volume of 500 ml with sterile water. DMSO in
the water at the concentration of 2% v/v was used as the
negative control. The cubed chicken meats were im-
mersed in the EO preparations for 1 min and aseptically
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kept under refrigerated storage with a temperature of 5+2
°C for 15 days. The indirect enumeration of bacterial
growth on the meats and the physical characters of the
preserved meats were carried out in 3-day interval in
days 0, 3, 6, 9, 12, and 15.

Microbial analysis

On the respective observation days, the bacterial
growth on meats was analyzed with an indirect enumera-
tion method, that each cube of meats was put in an
Erlenmeyer flask containing 25 ml of sterile nutrient
broth medium (Difco, USA), and then manually homog-
enized by shaking for a min. One ml of suspension was
transferred into 9 ml of sterile nutrient broth and then put
in an incubator (KS40, IKA, Malaysia) at a temperature
of 37 °C for 24 h. The Optical Density (OD) of cultured
bacterial suspensions were recorded with the UV-Vis
spectrophotometer (UV-1240, Shimadzu, Japan) at a
wavelength of 600 nm.

Sensorial analysis

The sensorial characters of the preserved meats, includ-
ing odor, texture, and formation of slime were subjective-
ly evaluated by a panel of trained individuals. Those
parameters were organoleptically observed soon after the
meats were taken from the refrigerated storage. The fresh
chicken meats were used as the reference in each
observation.

Theoretical relative volume calculation

The theoretical relative volume of oxygenated com-
pounds and aldehydes-phenols were calculated based on
the area of the oxygenated compounds in the GC-MS
chromatogram and the volume of each EQOs in a given
combination (Rialita et al., 2015). A formula as follow
was used:

Theoritical relative volume = (Aa x Va) + (Ab x Vb)

Where Aa was the total area of peaks of given
compounds in clove EOs, Va was the volume of clove
EOs used in a particular combination; Ab was the total
area of peaks of given compounds in lemon basil EOs,
Vb was the volume of clove EOs used in a particular
combination.

Statistical analysis

All experiments were done in triplicate. The effects of
both treatment group and storage time to the OD of the
samples were analyzed by two-way analysis of variance
(ANOVA) followed by Duncan’s tests. The p value less
than 0.05 between parameter groups was considered as
significant differences. The reduction in the microbial
count of cultured bacterial suspensions in culture media

was calculated by subtracting the value of the ODs
obtained from each treatment group with that of sterile
water in culture media as the negative control on the
same observation day. The differences between the mean
of the OD reduction among the treatment groups were
further analyzed by two-way analysis of variance
followed by Duncan’s tests, in which the significant
difference was set at p<0.05. The OD reduction was
denoted as O if the OD of a treatment group was higher
than the negative control. All statistical analyses were
conducted with the general procedures of IBM SPSS
Statistics v. 20 (IBM, USA).

Results

The steam and water distillation of clove and lemon
basil dried plant materials produced EOs with a yield of
0.84 and 0.76%, respectively. In total, 17 chemical
constituents were detected in the clove EO, mainly
eugenol, trans-B-caryophyllene, and a-humulene. On the
other hand, lemon basil EO constituted of 11 constituents
with estragole, linalool L, E-citral, and Z-citral as major
compounds. In addition, E-citral, eugenol, a-copaene,
trans-B-caryophyllene, a-humulene, 3-cadinene, and also
caryophyllene oxide were detected in both EOs (Table
1).

The bacterial growth on the meats during storage was
enumerated by an indirect method utilizing OD of the
culture of the meats. Our result showed that both treat-
ment groups (p=0.000) and storage time (p=0.000)
affected the ODs of the cultured samples. The simple
main effects analysis regarding the treatment groups
showed that the ODs of negative control were compara-
ble to those of single clove and lemon basil EOs
(p=0.612). However, OD of the samples in day 0 was
significantly lower than the other storage period, i.e. days
3, 9, and 15. The analysis of simple main effects showed
that there were no differences between days 3, 9, and 15
(p=0.098) (Table 2).

Sensorial characteristic of differect meat groups during
storage is shown in Table 3. The meats treated in the
negative control started to be off-odor, softer; and
showed the presence of slime on day 3. Regarding
sensorial characteristics, the preservation potential of the
combination of clove and lemon basil EOs in a ratio of
0.2:2% was 9 days, while those in the ratios of 2:0.2 and
1:1% were 12 days, respectively (Figure 1).

The theoretical relative volume of oxygenated com-
pounds, as well as aldehydes and phenols in each concen-
tration ratio of the combination of clove and lemon basil
EOs were calculated in order to find the relationship be-
tween the preservation potentials with their chemical
compounds. The theoretical relative volume of oxygenat-
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ed compounds in combinations of both EOs at all ratios highest theoretical relative volume of aldehydes and
was found to be higher than in single use, with the high- phenols were shown by the combination of EOs in the
est value was shown by the ratio of 0.2:2 and 1:1%. The ratio of 2:0.2%, followed by 1:1% (Figure 2).

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 2.136 0.22 -
2,3- Dimethylpentane 2.170 0.08 -
3- Methylhexane 2.209 0.21 -
3-Ethylpentane 2.301 0.17 -
n-Heptane 2.420 0.09 -
Methylcyclohexane 2.737 0.03 -
1-Ethyl butyl hydroperoxide 8.869 0.05 -
Linalool oxide 15.795 - 0.35
Linalool 17.830 - 18.9
Estragole 24.372 - 55.78
Z-Citral 27.028 - 6.54
E-Citral 28.916 0.05 10.06
a-Cubebene 32.604 0.56 -
Eugenol 32.772 67.0 0.64
a-Copaene 33.721 0.56 0.15
Trans-B-caryophyllene 35.297 25.64 151
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 2.22
Total oxygenated compounds 68.61 92.53
Total phenol and aldehyde compounds 67.05 17.24

Table 2: The Optical Density (OD) of cultured chicken meats treated with clove and lemon basil essential oils during storage

Treatments oD

Day 0 Day 3 Day 6 Day 9 Day 12 Day 15
Negative control 0.681£0.080 ©°  1.324%0.053 ™  0.047#0.077 ™  1.286:0.051 ™  081120.042®  1.200:0.212%*
Clove 1% 0.849+0.182 %2 1.074+0.065 %  0.942+0.012 % 1.191+0.048 & 0.772+0.047 & 1.300£0.153 &
Lemon basil 1% 0.91040.177 % 1.222+0.031 %  0.848+0.059 1.136+0.044 & 0.861+0.043 & 1.250+0.191 &

Clove-lemon basil (2:0.2%)  0.599+0.156 “*  0.884£0.072°°  0.944+0.062"°  1.068+0.043 *° 0.822+0.024 *° 1.127+0.146 *°
Clove-lemon basil (1:1%) 0.511+0.040 **  1.106£0.026 °°  0.771#0.006 °°  0.970+0.056 *° 0.7630.016 *° 1.116+0.024 ¢
Clove-lemon basil (0.2:2%)  0.666£0.097 “*  0.974+0.058°°  0.891+0.022"°  1.044+0.038 *° 0.903+0.043 *° 0.913+0.109 *°
Different superscripted letters within the same column (A-B) and row (a-c) indicated significant differences, evaluated using two-way ANOVA and Duncan’s test. Significant
differences were set for p<0.05
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Treatment groups Characters Storage time (day)
0 3 6 9 12 15
Odor FC Off-odor+  Off-odor + Off-odor ++ Off-odor +++ Off-odor +++
Negative control Texture FC Softer + Softer + Softer ++ Softer +++ Softer +++
Slime formation No Yes + Yes + Yes ++ Yes ++ Yes +++
Odor AC AC AC AC - AC -- AC --, off-odor +
Clove 1% Texture FC FC FC Firmer + Firmer + Firmer ++
Slime formation No No No Yes + Yes + Yes ++
Odor ALB ALB ALB ALB - ALB --, off-odor + Off-odor ++
Lemon basil 1% Texture FC FC FC Softer + Softer + Softer ++
Slime formation No No No Yes + Yes ++ Yes ++
Odor AC AC AC AC AC AC -, off-odor +
Clove-lemon basil (2:0.2%) Texture FC FC FC FC FC Firmer +
Slime formation No No No No No Yes +
Odor AC AC AC AC AC AC -, off-odor +
Clove-lemon basil (1:1%) Texture FC FC FC FC FC Firmer +
Slime formation No No No No No Yes +
Odor ALB ALB ALB ALB ALB -, off-odor +  ALB --, off-odor +
Clove-lemon basil (0.2:2%) Texture FC FC FC FC Softer + Softer ++
Slime formation No No No No Yes + Yes ++

AC: Aromatic Clove
ALB: Aromatic Lemon Basil
FC: Fresh Chicken

Clove-lemon basil (1:1%)

Clove-lemon basil (2:0.2%)

Lemon basil 1%

Clove 1%

o

(=2}
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Figure 1: The effect of combinations of clove and lemon basil essential oils to their preservation potential for the chicken meats during various
storage time (0, 3, 6, 9, 12, and 15 days)
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Figure 2: 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

Discussion

The Indonesian clove EO mainly consisted of eugenol,
which is typical as the most abundant constituent.
However, the concentration of eugenol and composition
of other less dominant constituents are varied based on
the source of the clove. In agreement with our finding,
De-Oliveira et al. (2013) stated that clove EO obtained
from Brazil majorly contains eugenol (89.8%), trans-
caryophyllene (5.9%), and a-humulene (2.3%). However,
a different composition of clove EO from Egypt was
reported with eugenol (76.4%), camphene (3.0%), and
lupeol (1.9%) as the main constituents (Mohamed et al.,
2018). The major constituents of lemon basil EO in this
study were similar with a report (Tangpao et al., 2018) in
which estragole (68.5), E-citral (6.7%), and Z-citral
(4.4%) were the principal components lemon basil EO
collected in Chiang Mai, Thailand. Another variation in
the composition of lemon basil EO was reported by
Avetisyan et al. (2017) from Kotayk, Armenia, which
contained major constituents of nerol (23.0%), E-citral
(15.8%), and Z-citral (4.9%). Also, citrals (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 PB-caryophyllene (0.7-
3.2%) were identified the main constituents of lemon

89

basil EOs originated from the northern India (Padalia et
al., 2018); all of those six compounds were also detected
in our study. The variation in the composition of
compounds in plant EOs is considered as the result
of seasonal factors, geographical origin, as well as
harvesting and post-harvest drying methods (Padalia et
al., 2018; Toncer et al., 2017; Usai et al., 2016).

In this study, the microbial growth on the meats during
storage was enumerated by an indirect method utilizing
OD of the cultured meats. The varied initial microbial
loading among treatment groups represented the insuffi-
cient surface microbial reducing process, as rinsing the
meats in sterile water does not equally minimize the
microbial counts (Bawcom et al., 1995). Those microbes
were mainly from the skin, where the primary microbial
contamination occurs and the normal bacterial flora lives.
In order to minimize the excessive initial microbial load-
ing, the use of skinless breast chicken fillet is suggested
(Hinton and Cason, 2007; Hulankova et al., 2018).

The microbial growth in meats in single clove and lem-
on basil EOs groups was comparable to that in negative
control groups, while those in combination EOs groups
in all concentration ratios were significantly lower.
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However, the erratic pattern of the microbial growth with
the storage time in this study hindered us from conclud-
ing based on this data. Generally, the microbial growth of
cultured food samples are increasing with time following
the bacterial growth curve as reported previously in
preserved hake fillets using Photobacterium sp. and
Shewanella sp. as the models (Antunes-Rohling et al.,
2019) and cooked ground beef using a mutant
Clostridium botulinum as the model (Huang, 2018). The
OD-based enumeration does not selectively measure the
living microbial cells in the cultured medium; it
also calculates the dead ones, as well as the friable
particles and insoluble slime that are resulted from the
putrefaction process. Hence, the samples tended to be
more concentrated, in which the deviation of the
Beer-Lambert Law took place and subsequently affected
the discerned OD (Méntele and Deniz, 2017).

As the erratic pattern of microbial growth was observed
in this study, ODs alone could not be utilized as the
parameter of the microbial growth inhibitory activity of
the EOs. We used the reduction in OD as the parameter,
which represented the capability of a given treatment
group in reducing the microbial growth relative to that of
the negative control. The more pronounced OD reduction
of a given cultured sample indicated the better microbial
growth inhibitory activity of the EOs used. In this study,
both clove and lemon basil EOs showed a significantly
lower microbial growth inhibitory activity on the meats
compared to the combination ones. Our data could not
describe the detailed mechanisms of antibacterial activity
of both EOs, but they might induce microbial cell death
by affecting the microbial membrane integrity as other
studies reported. Individually, clove EO inhibits microbi-
al growth by the mechanism of inducing cell lysis, which
both cell wall and membrane of Escherichia coli and
Bacillus subtilis were significantly damaged (Rhayour et
al., 2003).

Besides, it was also mediated by oxidative stress, loss
of motility, and also changes in the expression of viru-
lence-associated genes, as observed in  Campylobacter
jejuni (Kovacs et al., 2016). Until now, there is no proved
evidence on the mechanisms of action of the antibacterial
activity of lemon basil EO yet. However, it was recently
reported that linalool, the main constituent of lemon basil
EO, inhibits bacterial growth by disrupting the membrane
integrity in Pseudomonas aeruginosa (Liu et al., 2020).

The current study result was similar to our previous
work (Hamad et al., 2019) that both clove and lemon
basil EOs, in combination with other plant EOs demon-
strated a higher antibacterial effect compared to the sin-
gle one. In the combination of lemon basil and
lemongrass EOs, all given concentration ratios showed a
significantly better microbial growth inhibitory activity
on the chicken fillet during 9 days of refrigerated

preservation. Similarly, the vapor phase of a combination
of clove and cinnamon EOs at the ratio of 1:1 showed
more excellent antibacterial activity against food-borne
Yersinia enterocolitica, Listeria monocytogenes, and
Enterococcus faecalis (Goni et al., 2009). Besides, the
combination of creeping blepharis and tosign thyme EOs
in a ratio of 1:1 demonstrated the more pronounced anti-
bacterial activities against methicillin-resistant Staphylo-
coccus aureus, methicillin-susceptible S. aureus, antibi-
otic-resistant Klebsiella pneumoniae and E. coli strains
than those of the respective single EO (Gadisa et al.,
2019). In the food as the matrix model, the combination
of lemongrass and onion EOs generated a more
significant reduction in the growth of E. coli, L.
monocytogenes, and S. aureus on the spinach and
romaine lettuce leaves compared to the single-use of each
EO (Ortega-Ramirez et al., 2017)

The superior antimicrobial activity of the combination
of EOs might be related to the synergistic antimicrobial
effects resulting from the interaction of the two EOs.
However, our study did not evaluate the interaction
effects between clove and lemon basil EOs. Generally,
the synergistic effects are mediated by the mechanisms of
inhibition of the common biochemical pathway, inhibi-
tion of protective enzymes, and also enhancement of the
uptake of the EO (Bassolé and Juliani, 2012). Evaluated
with the checkerboard method, the combination of
lemongrass and Kachi grass EOs was proven to exert
synergistic antibacterial effects against S. aureus, L.
monocytogenes, Enterobacter aerogenes, and Salmonella
Typhimurium (Bassolé et al., 2011). Another example of
synergistic antibacterial activity against S. aureus was
shown by the combination of basil and bergamot EOs,
which killed the bacterium by damaging the cell
membrane integrity (Lv et al., 2011).

The presence of microbes causes changes in the senso-
rial characters of the meats. These spoilage microorgan-
isms can broke proteins and lipids down, resulting in the
changes in texture and odor, as well as the slime for-
mation on the meats (Dave and Ghaly, 2011). Nonanal,
octanal, heptanal, pentanal, hexanal, and dimethyl
trisulfide were the compounds responsible for the off-
odor of chicken meat produced by lipid oxidation process
(Jayasena et al., 2013). Hence, the preservation potential
of the EOs might have resulted from antimicrobial and
antioxidant activities. Previously, clove EO was known
for capable of increasing the oxidative stability of
tilapia meat during cooking (Ramezani-Fard et al., 2016).
Antioxidant activity of clove EO was shown in blue-fin
tuna during refrigerated storage (Echeverria et al., 2018).

According to the current research, combination of clove
and lemon basil EOs improved the sensorial properties of
chicken meats during storage period of times. The
preservation of bluefish (Pomatomus saltatrix) with 1%
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of thyme and laurel EOs improved the fish shelf life by
3-4 days under iced storage (Erkan et al., 2011). Similar
finding was revealed by Ghabraie et al. (2016) who
evaluetd the sensorial quality of ground meats treated
by combination of Chinese cinnamon and common
cinnamon EOs.

Each compound in a given EO contributes differently
to its owverall antimicrobial activity and further food
preservation potential. The oxygenated compounds are
generally recognized to have a superior antimicrobial
activity compared to that of the hydrocarbons, while
aldehydes and phenols are considered to demonstrate the
best antimicrobial activity among other compounds
(Chouhan et al., 2017; El-Shenawy et al., 2015). The
theoretical relative volume of oxygenated compounds
supported our findings in the enumeration of bacterial
growth on the meats and was similar to our previous data
(Hamad et al., 2019; Hartanti et al., 2018). The combina-
tion of clove and lemon basil EOs at the concentration
ratios of 2:0.2 and 1:1% showed the highest theoretical
relative volume of oxygenated compounds as well as the
best microbial growth inhibitory activity. Nearly, all
oxygenated compounds in clove EO were phenols
(eugenol) and aldehydes (E-citral), while lemon basil EO
only contained a much lower fractions eugenol, Z-citral,
and E-citral. The potent antimicrobial activity of clove
EO has been linked to its eugenol content; however, the
interaction between eugenol with other phenolic and
alcohol compounds was reported generating synergistic
or additive antimicrobial effects (Bassolé and Juliani,
2012).

Conclusion

The combinations of cloves and lemon basil EOs
showed a better microbial growth inhibitory activity and
preservation potential than those of the single use. At the
optimum ratio of 1:1%, the combinations of cloves and
lemon basil EOs reduced the microbial count on the
meats and delaying the changes in sensorial characters of
chicken meats for 12 days during refrigerated storage.
This meat preservation effects might be related to the
presence of high fractions of oxygenated compounds,
mainly eugenol, Z-citral, and E-citral in both clove and
lemon basil EOs.
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