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ABSTRACT: This study aimed to determine the chemical compounds, antioxidantand antimicrobial
activities of Essential Oil (EO) derived from lime pomace. Gas chromatography/mass spectrometry
(GC-MS) was used to determine the major components of the obtained EO. The antioxidant activities
of this EO were determined by radical scavenging activity (DPPH) and the Ferric Reducing
Antioxidant Power (FRAP) test. For antimicrobial activity, the disk diffusion method was used and
the Minimum Inhibitory Concentrations (MIC) and the Minimum Bactericidal Concentration (MBC)
were studied against common foodborne pathogens including; Staphylococcus aureus, Bacillus
cereus, Listeria monocytogenes, Escherichia coli, Salmonella typhimurium, and Pseudomonas
aeruginosa. The result showed that the Gram-positive bacteria were more susceptible
than gram-negative bacteria. The result shows that lime pomace powder with I1Cso 83.061 mg/mL has
a high antioxidant capacity and also, the chemical analysis of the EO showed that the EO contained
a complex mixture of several components and the main constituents were D-limonene (28.86%),
a- terpinene (15.65%) and y-terpinene (12.72%) respectively.
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INTRODUCTION

Synthetic and natural antioxidants have been commonly
used in the food industry to control oxidation and maintain
quality. However, the use of synthetic antioxidants such as
butylated hydroxyanisole (BHA), butylatedhydroxytolune
(BHT), propyl gallate (PG), and tertbutylhydroquinone
(TBHQ) has been declining in the food industry.
Consumers are concerned about potential carcinogenic and

health hazard from artificial additives and the FDA has
also established limits on the number of synthetic
antioxidants that can be added to food products [1, 2].
In recent years, the consumer desire for natural ingredients
and chemical preservative-free foods has increased
the popularity of natural antimicrobial agents [3]. For this
purpose, aromatic plants and their extracts have been evaluated
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for their effectiveness for food safety and preservation
applications. Most of their preservative properties are due to
their Essential Oils (EOs) and other secondary plant
metabolite components [4]. EOs have well-recognized
properties such as antimicrobial as well as antioxidant
properties. Due to their relatively safe status, EOs have some
widespread applications in medicine, pharmaceutical and
cosmetic industries and food industry [5]. The by-product
produced during processing can be rich in protein,
carbohydrate, oil and bioactive compound. Researchers are
increasingly exploring the utilization of by-products [6, 7, 8].
Regarding the production of juice, jam and marmalade
through processing of Citrus fruits, nearly half of the raw
processed fruit goes to waste, namely its peels, seeds and
pulps. Wastage of this potentially valuable resource, as well
as serious disposal problems, has attracted the Citrus
industry’s attention to utilization of the Citrus pomace
as a possible source of other nutrients [6]. Lime is an
important medicinal plant that uses for therapeutic goal and
around 80% of the population in this world uses herbal
medicines to treat disease especially for infectious diseases.
According to WHO medicinal plants are used in order to the
therapeutic purpose and be used as a pioneering the synthesis,
semisynthetic chemical drugs [7]. Lime (Citrus lime) is the
third most important species of citrus in the world, behind
orange and mandarin. Production of lemon and lime in 2016
in FAO countries was 15,981,800 million tones [9]. Lime has
rich source of nutrients such as calcium, potassium,
magnesium, phosphor and vitamins including A, E, C, Biz,
and B6. Moreover, because of flavonoid compounds,
antioxidant capacity of lime is high [10]. So that the major
portion of vitamin C located in lime peel and pulp that acts
effectively against obesity, diabetes, hyperlipidemia,
cardiovascular diseases and cancer [11]. Citrus fruit pomaces
exhibiting antimicrobial activity are rich with flavonoid
glycosides, coumarins, p and - sitosterols and volatile
compounds [12]. Flavonoids can function as direct
antioxidants and free radical scavengers (DPPH) and have
the capacity to modulate enzymatic activities and inhibit cell
proliferation [13]. The aim of this study was to determine
the chemical compounds, antioxidant, and antimicrobial
activities of EO of lime pomace.

EXPERIMENTAL SECTION

Preparation of lime pomace powder
Ripe Mexican lime (Citrus aurantifolia) pomace were
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collected on 10/09/2017 from a local lime juice factory
in Mashhad, Iran, then the limes (C. lime) pomace was
dried under the shade in room temperature. After that,
the dried pomaces were powdered using a mortar as well as
electric blender and the powder was put on suitable
containers and stored at 4 °C [14].

Preparation of extract stock solution

The stock solution of lime (Citrus lime) pomace extract
was dissolving in a suitable volume of Dimethyl sulfoxide (DMSO)
to get a concentration of 100 mg/ml. The concentration of

extract can be calculated used the formula:

. Vol f extract
concentration (%) =———————— x 100

volum of solvent

DMSO (stock: 1 mg/ml DMSO) [15, 16, 17].

Essential of lime pomace

Dried lime pomace powder (100 g) was transferred to
a two-L flask; then one L distilled water was added. The
EO was extracted using a Clevenger-type apparatus
(Germany) by steam distillation over a 3 h period. The
obtained oils were filtered through a sterile syringe filter
with a 045 pum pore size. The EO was dried over
anhydrous sodium sulfate (Na2S04) and stored in a sealed
dark glass vial at 4 “C [18].

Chemical analysis

Analyzed proximate composition of lime pomace
powder were determined according to the Method of
AOAC (2016). Crude protein content was determined by
Kjeldahl method using an Auto Kjeldahl System
(Kjeltec™ 2300, Foss, Sweden). The amount of total
nitrogen in the raw materials were multiplied with both the
traditional conversion factor of 6.25 [19] Moisture content
by a dry measurement of protein percentage, ash
percentage, calcium, phosphorus and dry matter content
were measured by AOAC (2016) method [20].

Antioxidant Assessment

Free Radical Scavenging Activity: 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) radicals absorb at 517 nm, but
upon reduction by an antioxidant compound, absorption
decreases. Briefly, 50 pL of processed Solid Phase
Extraction (SPE) MeOH extract or pure compound
prepared at different concentrations was added to 2 mL of
fresh 0.1 Mm solution of DPPH in methanol and
allowed to react at 37 °C in the dark. After thirty minutes the
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absorbance was measured at 517 nm [21]. The DPPH

scavenging ability as percentage was calculated as:

Radical scavenging capacity = {—Ab'a”k —Asample) oo
Ablank

A sample = Absorbance of blank

A biank = Absorbance of sample

Also, 1C50 values of samples and standard compounds
were determined by measuring the concentration of a
sample to scavenge 50 % of radicals [22, 23].

Ferric Reducing Antioxidant Power: The determination
of ferric reducing antioxidant power or ferric reducing
ability (FRAP assay) of the extracts was performed as
described by [24] with some modifications. The stock
solutions prepared were 300 mM acetate buffer pH 3.6, 10
mM TPTZ (2, 4, 6-tri (2-pyridyl)-s-triazine) solution in 40
mMHCI, and 20 mM FeCI3-6H20 solution. Plant extracts
or standard methanolic Trolox solutions (150 pL) were
incubated at 37 °C with 2 mL of the FRAP solution
(prepared by mixing 25 mL acetate buffer, 5 mL TPTZ
solution, and 10 mL FeCI3:6H20 solution) for 30 min
in the dark. Absorbance of the blue ferrous tripyridyltriazine
complex formed was then read at 593 nm.

GC-MS analysis

The analysis of the EO was carried out using gas
chromatography-mass spectrometry (Agilent technologies,
USA). The chromatograph was equipped with a HP-5MS
capillary column (30 mx0.25 mm IDx0.25 pm film
thickness). Column temperature was programmed at 70 °C
as an initial temperature and kept at 70 °C for 3 min, then
gradually increased to 280 °C at a rate of 5 °C per min,
holding at the mentioned temperature for 2-10 min.
The temperature of the injector was 265 °C and helium
was used as the carrier gas. The mass spectrometer
was operated in electron ionization mode at 70 eV and
ionization source temperature was considered at 250 °C.
The constituents of the EO were identified and confirmed
by comparison the gas chromatography retention indices
to n-alkanes (C8-C24) and mass spectra with those of Iran
National Institute of Standards and Technology
commercial library, as well as with literature data [25].

Bacterial strain

E. coli 0157:H7 is an enterohemorrhagic, Gram-
negative, facultative anaerobic bacterium that produces
verotoxin. The route of infection is mainly through meat,
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dairy products, fruit, and water [26]. Salmonella
Typhimurium is Gram-negative, facultative bacterium that
is found in humans and warm-blooded animal hosts.
It is sometimes transferred to food by contamination, often
via stool [27]. It causes a foodborne disease called
salmonellosis that is widespread globally [27].
Pseudomonas aeruginosa is an opportunistic pathogen that
is able to survive in moist environments. P. aeruginosa is
one of the causative agents of hospital-acquired infections,
especially in burn patients, which isnot only due to its high
prevalence and severity but also because of its innate and
acquired resistance to antibacterial drug [28]. Listeria
monocytogenes is a Gram-positive bacterium that is
widespread in the environment [29]. It can grow under
refrigerated conditions and causes the foodborne illness
listeriosis [30]. The reported frequency of listeriosis is low,
but the mortality rate is higher than that of other bacteria
causing foodborne illnesses [31]. Bacillus cereus is known
as a facultative anaerobic, spore-forming bacterium that
is widespread in nature [32]. It causes a foodborne illness
and produces diarrheal and emetic toxins [32].
Staphylococcus aureus is an opportunistic pathogen that can
cause food poisoning, as well as a variety of infections [33].

Antimicrobial activity

Six food borne pathogens including three gram positive
Staphylococcus aureus (ATCC 25923), Bacillus cereus
(ATCC 10876), Listeria monocytogenes (ATCC7644) and
three gram negative Escherichia coli (NTCC 12900),
Pseudomonas aeroginosa (ATCC 1430) Salmonella
typhimurium (ATCC 14028),) bacterial species used in the
present study were obtained from Persian Type Culture
Collection. The antibacterial potential of EO were
measured by the disk diffusion method. Briefly, Muller
Hinton Agar plates were culture with a standardized
inoculums (1.5 x108 CFU/mI equal to 0.5 McFarland) of
each bacterial strains. Then the disks contain specific
amount of EO were carefully placed at the labeled seeded
plate. The plates were incubated aerobically at 37° C for 24
hours. Inhibition zone is index of antibacterial properties that
determined in mm and inhibition zone > 12mm
was considered as good inhibitory effect of extract [34].

Determination of MIC and MBC

A broth microdilution assay was used to determine
the MIC in which visible growth of the bacterium was inhibited.
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Briefly, EO dilutions of 1.25, 2.5, 5, 10, 20, 40, 80, 160 mg/mL
were prepared using a 96 well microtiter plate [35].
Twenty ul EO (stock) with specific concentration and
160 pL nutrient broth (Merck, Darmstadt, Germany) were
transferred to each well. Then, 20 pl inoculum was added
to each well [36]. The final concentration of bacteria in
each microwell was 10° CFU/ml (estimated using the
surface plate counting method).As a positive control, 20 pl
inoculum was added to 180 pl nutrient broth lacking EO
(0%). A well containing only 200 ul broth was prepared
as a negative control. To evaluate the possible
contamination of EO, 20 pl EO and 180 pl broth were also
transferred to a well. The microplate was covered with a
sterile plate sealer and the contents were mixed for 2 min
using a plate shaker [37]. The plates were incubated at 37 °C
for 24 h. Bacterial growth was visually determined by
turbidity in the wells and the growth in each well was compared
with that of the growth control EO free well [36,37].
The minimum concentration of EO that reduced 99.9% of
the bacterial population after incubation at 35-37 °C for 24 h
was considered the MBC [38]. The wells with no visible
growth in the MIC determination assay were used for this
test. A sterile swab was applied to the contents of the well
and spread on the surface of nutrient agar plates. Then,
the plates were incubated at 37 °C for 24-48 h. The
concentration of EO in those wells that yielded plates with
no visible colonies was determined to be the MBC [39].

STATISTICAL ANALYSIS

The data (means + SD) were analyzed by using one
way analysis of variance (ANOVA) followed by Duncan’s
post hoc test to compare the means between treatments and
differences were considered significant when p <0.05.

RESULTS AND DISCUSSION

Analyzed proximate composition of lime pomace
powder is shown in Table 1.

The results of DPPH assay of three different
concentrations of lime pomace powder is shown in Table 2.
The result shows that lime pomace powder with ICsy
83.061 mg/mL has high antioxidant capacity.

The chemical analysis of the EO showed that the EO
contained a complex mixture of several components
(Table 3). The main constituents were D-limonene
(28.86%), a- terpinene (15.65%) and y-terpinene
(12.72%).
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Table 1: Composition and proximate analysis of lime pomace
powder.

/ Lime pomace powder analyzed (%) \
Crude protein 8.4
Moisture 5.9
Ash 6.7

\ Dry matter 94.1 /

*Dry matter is all compound except moisture

Table 2: Free Radical Scavenging Activity (DPPH ).

/ Concentration Percentage of inhibition (%) \
0.05 62.291
0.1 67.213

\ 0.15 70.491 /

Table 3: Chemical analysis of the major components of lime
pomace essential oil.

4 component Retention time(min) | Area sum (%)\
3-methylheptane 4.16 0.01
1,3-dioxolane 4.32 0.72
me&i[&&iﬁgaﬁt}ine 451 1.42
n-octane 4.75 8.26
P-cymenene 17.32 4.13
linalool 20.9 112
fenchol 8.19 1.29
a-pinene 13.81 0.61
camphene 8.96 0.38
decane 10.71 2.08
m- cymenene 11.58 2.65
D-limonene 1177 28.86
isoborneol 12.20 1.52
Y-terpineol 12.82 2.18
Terpinene-4-ol 24.84 1.05
a- terpinene 16.89 15.65
B-linalool 14.28 222
Fenchyl alcohol 14.78 1.47
Endo-borneol 16.66 1.71
y-terpinene 18.62 12.72
a- bergamotene 25.74 241

\_ B-bisabolene 27.48 3.59 J
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Table 4: Zone of inhibition (mm) of lime pomace essential oil
on selected bacteria that cause food spoilage.
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Table 5: The MIC and MBC values of lime EO (mg/mL) against
different bacteria.

/ Organisms 100% 50% 25% \ / Bacterial species MIC (mg/ml) MBC (mg/ml)\
E.coli 0157H:7 14 13 12 E.coli 0157H:7 20 40
P.aeroginosa 15 14 12 P.aeroginosa 20 40
S.thyphimorium 13 12 11 S.thyphomorium 40 80
S.aureus 17 16 14 S.aureus 5 10
B.cereus 17 16 15 B.cereus 5 10

KL.monocytogenes 15 13 12 / KL.monocytogenes 10 20 /

The antibacterial activity of EO of lime pomace
were assayed against six gram positive and negative
bacteria by disk diffusion method and the results of
inhibition zones have shown in Table 4. Result showed
that the inhibition zone on 100% concentration greater
than the other concentration. The most susceptible bacteria
in agar well diffusion method were S.aureus, B.cereus,
L.monocytogenes P.aeroginosawith diameter of inhibition
zones 17,17,15,15 mm respectively, while the most
resistant  bacteria were E.coli 0l157H:7 and
S.thyphimorium. The largest zone of inhibition obtained
against S.aureus and B.cereus (17mm).

Gram-positive bacteria were more susceptible than
gram-negative bacteria to this plant extract. Susceptibility
differences between gram-positive and gram negative
bacteria may be due to cell wall structural differences
between these classes of bacteria. The Gram-negative
bacterial cell wall outer membrane appears to act as
a barrier to many substances including antibiotics [40].

Table 5 depicts the MIC and MBC of the EO of lime
pomace. It ranged from 5 to 40 mg/ml. S.aureus and
B.cereus was found to be highly sensitive to the EO
exhibiting lowest MIC of 5 mg/ml.

The antimicrobial and antioxidant activity on lime
being associated with flavonoids and essential oil [41].
Flavonoids such as hesperidine and naringin are beneficial
nutrients that enhance the activity of white blood cells and
boost the body’s defenses [41,42] Essential oil includes
monoterpenes, sesquiterpenese, alcohols, aldehydes,
ketones and esters. Monoterpenes had a higher
antimicrobial activity than did hydrocarbons. Carvone and
limonene were active against wide spectrum of antifungal
and antimicrobial activity [42, 43]. Chemical analysis of
lime pomace EO identified limonene and a- terpineneas
the major compounds which are also in close agreement
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with the findings of previous studies. For instance,
kamal et al [44] found that B-myrcene and limonene were
the most abundant components in pomaces of three Citrus
species, including C. reticulate, C. sinensis, and C.
paradisii. Lota [45] and Desta [46] reported limonene as
well as y-terpinene as the major monoterpenes in pomace
EO of C. reticulata (mandarin) and lime EO, respectively.
Also, Duman et al [47] found that limonene and gamma-
terpinene were the most abundant components in oil
of lemon (C. limon).

The relation between total phenol content and
antioxidant activity has been widely studied in different
foodstuffs, such as fruit and vegetables [48, 49] indicating
that the free radical scavenging activity of fruits and
vegetables significantly increases with a high
concentration of total polyphenol content [50].
Meanwhile, the phenolic compounds have the ability to
scavenge free radicals by donating a hydrogen atom from
their phenolic hydrogen groups [51]. As found in this
work, lime pomace EO was able to reduce the stable,
purple-colored radical DPPH into yellow-colored DPPH-
H by 83.061 mg/mL and it showed a good antioxidant
capacity. This result is in agreement with those obtained
by [52], demonstrating the scavenging abilities ranging
from 20 to 70% of Citrus spp, EOs. Inan et al [53] studied
the Effect of location and Citrus species on total phenolic,
antioxidant, and radical scavenging activities of some
Citrus seed and oils. Their results showed that the radical
scavenging of lemon seed oil was 3.24-2.83 DPPH and the
parameter levels were found lower in Citrus seed oils then
seeds. The significant antioxidant activity of the tested EO
might be related to the presence of monoterpenes,
particularly limonene and y-terpinene, which are the main
compounds of EO and have been reported to have
a good antioxidant activity [54]. Use of phenolic compounds
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derived from various plants such as sage, rosemary, tea and
grape seeds as natural antioxidants against oxidative
processes of foods have received much interest in recent
years. Our results showed antioxidant effect of lime in a
dose-dependent manner. These findings confirm the work
of Lau et al [55] for grape seed and of Coetzee and
Hoffman [56] for aTC. As for green tea, a pro-oxidative
dose effect was found seen, which is in contradicted with
those of Tang [57], who found a clear antioxidative dose-
response effect. At the same time other plant extracts,
rosemary and sage extracts at 500 ppm [58], oregano and
rosemary essential oils at 150 and 300 ppm [59] or at 100
and 200 ppm [60, 61] and a combination of marigold,
purple coneflower, black currant and yellow bark at 1000 ppm
[Botsoglou] have been shown to improve the oxidative
stability of chicken meat. The antioxidant potential was
also higher for lime pomace, radical savaging activity of
pomace in the DPPH assay was 82 + 1.23 pg/ with IC50
83.061 pg/mL and the FRAP assay was 92.25 + 2.45
uMtrolox equivalents/g dry weight. The antioxidant
properties and high content of flavonoids in the pomaces
can make this waste material a good source of
nutraceutical and healthy phenolic compounds, especially
to be used as anti-ageing products, due to the high content
of polyphenols. In this study, the EO of the lime pomace
was found to have a significant inhibitory effect against S.
aureus and B. cereus. The MIC and MBC values of 5 and
10% were obtained, respectively. This antimicrobial effect
might be related to limonene and y-terpinene in EO, which
exert their toxic effects through the disruption of the
bacterial membrane and the inhibition of respiration and
ion transport processes [62]. In agreement with our study,
Yosra et al [63] noted that the essential oils of Ruta
montana (R.M) and Ruta gravelons (R.G) had the highest
activity against S. aureus. Furthermore, Taherkhani [64]
reported that the essential oil of Artemisia ciniformis have
a significant inhibitory activity against S. aureus.

From these studies, it was observed that although lime
pomace is effective against both groups of bacteria but its
activity was high in Gram positive bacteria as compared to
Gram-negative bacteria. These observations are in
accordance with the earlier observations reported by and
they also reported that Gram-negative organisms were less
susceptible to the herbal extracts than Gram-positive
isolates [46, 65]. It may possibly be due to the presence of
high lipid content in the cell walls of Gram negative
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bacteria. Gram-positive bacteria such as S. aureus, and B.
cereus contains teichoic acid in the peptidoglycan layer
and is therefore inhibited by both lime pomace extracts and
lime oil [66]. Furthermore, the outer membrane of Gram-
negative bacteria is known to present barrier to penetration
of numerous antibiotic molecules, and the periplasmic
space contains enzymes, which are capable of breaking
down foreign molecules introduced from outside thus
providing greater resistance to them [67].

CONCLUSIONS

This study indicated that the EO of C. lime pomace can
be used as a potential natural antimicrobial as well as an
antioxidant agent in the food industry. It would also be of
interest to evaluate the antimicrobial activity of lime
pomace EO against other foodborne pathogens. Moreover,
Gram-negative organisms were less susceptible to the
herbal extracts than Gram-positive isolates. It may
possibly be due to the presence of high lipid content in the
cell walls of Gram-negative bacteria. Further studies using
different food models and storage conditions are suggested
to improve the utilization of this EO as a natural alternative
instead of synthetic preservatives.
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