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Currently, spices have attained the potential to mitigate free radicals owing to the presence of numerous aromatic moieties.
Due to their safe nature, these bioactive ingredients could be employed to replenish already existing artificial food additives to
ensure healthy foods. Considering these facts, the present study was designed to probe the eugenol content present in the
supercritical fluid extracted clove oil. Furthermore, it was encapsulated to avoid losses during thermal processing and to
improve bioefficiency. In the current investigation, clove available in the Pakistani market was tested for compositional
analyses that indicated higher content of nitrogen free extract, fiber and fat however, amongst minerals; calcium, sodium,
magnesium and potassium were found in abundant proportions. Afterwards, the clove was subjected to supercritical fluid
extractor at three different pressures; 1500, 3000 and 4500 psi. The clove oil carrying eugenol as the major fraction was
optimally extracted at 4500 psi as analyzed by GC-MS. This clove oil was further coated via coating ingredients such as
maltodextrin, gum arabic and their combination in 1:1, 1:2 and 2:1 ratio using freeze-drying technique. Characterization of all
treatments were accomplished regarding multi-aspects including total polyphenols, ABTS assay and encapsulation efficiency
that indicated best results in gum arabic based coatings with corresponding values as 47.68±1.91 mg GAE/g dry powder,
85.20±5.96% inhibition and 82.03±3.61, respectively. Conclusively it is depicted that microencapsulation is promising
technique which ensued strong anti-oxidant potential of clove oil.
Keywords: Clove, super critical fluid extraction, GC-MS, freeze drying, anti-oxidant potential.
INTRODUCTION
Food safety becomes hot issue worldwide because everyone
is more conscious about health status. In this regard, plant
based food additives become idealistic choice of the food
industries instead of artificial additives (Ameratunga et al.,
2016). Spices and herbs are usually considered as a natural
rich source of antioxidants that play an imperative role in
chemoprevention of ailments especially resulting due to lipid
peroxidation. They also possess the potential to be employed
as an alternate to synthetic preservatives (Viuda-Martos et al.,
2011).
Antioxidants are vital fragment of processed foods. In past,
mostly factitious antioxidants were employed to increase
shelf life of food items but they have detrimental holdings on
consumer’s health. Now-a-days, food processors are utilizing
antioxidants from natural vegetal matrixes. Vigorous
antioxidant potential; negligible counteracts and mellow
compatibility with foodstuff escalates the demand of natural
antioxidants based products (David et al., 2013; Gurbuz et al.,
2016).
There are more than three thousand dietary sources of familiar
antioxidants in the world which includes spices, herbs, foods,
beverages and dietary supplements (Carlsen et al., 2010).
Amongst spices, clove (Syzygium aromaticum; Family:

Myrtaceae) is an aromatic dried flower bud with dark brown
color, distinctive fragrance and burning taste. Centuries ago,
cloves were cultivated in Maluku spice island of Indonesia but
now it has reached to all parts of the world (Kamatou et al.,
2012). Normally, it is utilized for culinary purposes at
domestic level, whereas employed as a flavoring agent or
antimicrobial agent at industrial scale (Lekjing, 2016;
Przygodzka et al., 2016). Considering nutritional worth, clove
is a robust source of minerals; Ca, K, Mg, P, Se, Fe as well as
Zn, vitamins; vitamin C, A, E, K as well as B and
phytonutrients; eugenol, carotene-β, cryptoxanthin-β along
with lutein-zeaxanthin (Ereifej et al., 2015). Furthermore,
dried clove consists of nearly 15-20% of essential oil or 1 kg
of dried clove buds could provide around 150 mL of clove oil
(Bhowmik et al., 2012). The chief lipophilic moiety in clove
oil is eugenol (structure: L-hydroxy-2-methoxy-4allylbenzene) that accounts up to 70-90% of the total essential
oil (Gulcin et al., 2012). This component plays important role
as anti-oxidant.
Clove bioactive components can be extracted through various
conventional extraction techniques such as soxhlet extractor,
magnetic stirrer; maceration grinding and heat reflux (Yang
et al., 2008). Likewise, novel technique such as supercritical
fluid extractor is an eco-friendly way of extraction and finest
isolation mode to acquire lipophilic components from clove
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hence considered as green technology (Yang et al., 2011;
Khaw et al., 2017). After extraction, most of the essential oils
subsist in liquid form at room temperature. These oils are a
fantabulous source of bioactive compounds but highly
volatile hence easily get lost during processing or storage in
response to high light intensity, temperature and oxygen.
Such factors limit the usage of essential oil, but many
techniques have developed to sort out this issue (Bergkvist,
2007; Ayala-Zavala et al., 2008). Among these techniques,
encapsulation is regarded as the most proficient and authentic
method that involves blending and entrapment of lipophilic
compounds in the excipient stuffs (Martin et al., 2010; SimonBrown et al., 2016). In past, many researches were executed
regarding anti-oxidant capacity of oil. So present research is
designed to evaluate the antioxidant potential of clove oil
microencapsulates.

GC-MS analysis of eugenol: The clove oil obtained from
supercritical fluid extraction (SFE) was analyzed using GCMS (ISQ series, Thermo Fisher Scientific, USA) carrying
fused silica column of 0.25 µm diameter. Helium was used as
carrier gas at a flow rate of 1.15 mL/min. GC oven
temperature was settled at 60°C for 5 min; slowly raised to
260°C @ 2°C/min and then kept at this constant temperature.
0.1 µL clove oil sample was injected at 250°C injection
temperature. Carrier gas was transported at constant pressure
i.e. 5 kg/cm2. MS spectra were taken as E1 ion source of 70
eV (Wenqiang et al., 2007).
Table 1. Treatments for supercritical CO2 extraction of
clove.
Treatments
Pressure (psi)
TSFE1500
1500
TSFE3000
3000
TSFE4500
4500

MATERIALS AND METHODS

SFE = Supercritical Fluid Extract

The current study was conducted at National Institute of Food
Science and Technology, University of Agriculture,
Faisalabad, Pakistan. The details regarding the materials
obtained and methods adopted for various analyses to meet
the objectives of the study are summarized herein.
Procurement and preparation of raw material: The clove
(Syzigum aromaticum L.) samples were procured from local
market and ground to fine powder for further analyses.
Proximate composition: The clove powder was assessed for
moisture, crude protein, crude fat, crude fiber, ash and
nitrogen free extract (NFE) as per their standard methods in
AOAC (2006).
Mineral profile: The clove samples were also subjected to
mineral profiling by adopting the guidelines of AOAC (2006).
Dried clove sample (0.5 g) was digested with HNO3 and
HClO4 while heating on hot plate until sample becomes
colorless and reduced to 1-2 mL in volume. Afterwards, it was
diluted up to 100 mL using double distilled water. The
minerals i.e. Na, K and Ca were estimated via Flame
Photometer-410 (Sherwood Scientific Ltd., Cambridge)
whilst P, Mg, Zn and Fe were determined using atomic
absorption spectrophotometer (Varian AA240, Australia).
Extraction of eugenol containing clove oil: Eugenol was
extracted from clove buds via Supercritical Fluid Extractor
SFT-150 system using 99.8% pure CO2 at 50°C, using the
method elucidated by Wenqiang et al. (2007). After placing
the ground clove sample in extraction vessel; CO2 was used
at optimized pressure i.e. 1500, 3000 and 4500 psi, separately
to enhance mass transfer as well as solvation ability of clove
oil and T1, T2 and T3 were renamed as T1500, T3000 and T4500,
respectively.

Selection of best treatment: Based on GC-MS analysis, one
best SFE treatment i.e. which shows highest amount of
eugenol was selected for further microencapsulation.
Microencapsulation of clove oil: The selected SFE treatment
was encapsulated by devising emulsions using different
combination i.e. maltodextrin: gum arabic (1:1, 1:2 and 2:1)
as described in Table 3.2. There are five microencapsulated
treatments i.e. M1 (MD18:GA0), M2 (MD0:GA18), M3
(MD9:GA9), M4 (MD6:GA12) and M5 (MD12:GA6).
Treatment plan for microencapsulation:
Treatments
Maltodextrin (g) Gum Arabic (g)
M1
18
M2
18
M3
9
9
M4
6
12
M5
12
6
Preparation of clove oil powder: Each emulsion was
prepared by dissolving maltodextrin, gum arabic and clove oil
in 100ml distilled water using magnetic stirrer at 10°C. All
combination of emulsions was frozen for 24 hours and then
lyophilized at -50°C and 1.09 Pa till all moisture was
sublimated using Freeze Dryer-5 Model 75050, Labconco,
USA. The lyophilized powder was stored in air tight zipper
bags and kept in a desiccator at 20°C till further use (Hill et
al., 2013).
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Antioxidant assay:
Total phenolic content: Total phenolic content (TPC) of
microencapsulated clove oil was assessed using FolinCiocalteu method (Sultana et al., 2014). Purposely, clove
microencapsulates were first dissolved in water then 50 µL of
the resultant sample was added to a test tube carrying 750 µL
of 20% Na2HCO3 & 250 µL of Folin-Ciocalteu’s reagent and
total volume was made up to 5 mL using distilled water. After
two hours, absorbance of the sample was recorded at 765 nm
via UV/Visible light Spectrophotometer (CECIL-CE7200) in
comparison to control. TPC of the samples was expressed as
mg GAE/100g (mg gallic acid equivalent/100g).
TPC of each clove sample and control was calculated using
following equation:
c×V
C=
m
C = TPC (mg GAE/g clove’s encapsulates), c = Conc. of
gallic acid (mg/mL), V = Volume of encapsulates in mL, m =
Weight of clove encapsulates
DPPH method: DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical scavenging ability was assessed by using the protocol
of Teixeira et al. (2014). Purposely, 2 mL of 0.2 mM/L fresh
DPPH solution prepared using ethanol and was mixed with 20
mg of clove encapsulates. The sample and blank were placed
in dark for 30 min followed by centrifugation. Reduction in
absorbance was determined in these reaction mixtures using
UV/Vis light spectrophotometer at 517 nm. The percent
inhibition of the DPPH radical was determined by using the
equation as below.
Aa -Ab
% Reduction of Absorbance =[(
)]×100
Ab
Where; Aa = Absorbance of sample, Ab = Absorbance of
control
Encapsulation efficiency (EE): The encapsulation efficiency
of the prepared encapsulates was analyzed by dividing TPC
enclosed in microbeads (mb) by the quantity of TPC of clove
oil used to make microbeads (ms) following the equation
below:
mb
EE =
×100
ms
TPC in microbeads (mb) was quantified by mixing them in
NaNO3 (2% w/v) in 1:5 ratio using vortex mixer at room
temperature and Folin-Ciocalteu method was used to
determine TPC by following protocol of Isailovic et al. (2012).
Wettability: Wettability of clove encapsulates was analyzed
by using protocol of Fernandes et al. (2014). Clove
encapsulates (1 g) were scattered on 100 mL distilled water at
20°C. Time that powder took to sediment, sink and to get
submersed or disappear from the surface of water was noted
and used for comparing the extent of wettability of clove
encapsulates.
Solubility: Solubility of clove encapsulates was reckoned as
per method proposed by Fernandes et al. (2014). Clove
encapsulates (1 g) were mixed in 25 mL distilled water for 5

min using blender. Afterwards, the resultant solution was
centrifuged at 760 rpm for 10 min. 20 mL aliquot of
supernatant was poured in petri dish (pre-weighed) and dried
overnight in oven at 105°C. The percent solubility was
recorded as dried percent supernatant relative to amount of
powder added initially (1 g).
Water activity: The water activity of encapsulates was
determined in triplicate using Hygropalm water activity meter;
Rotronic aw-Dio. The moisture content was determined
immediately after freeze drying (Cortes-Rojas et al., 2014).
Statistical analysis: All the analyses were repeated three
times and data obtained for each parameter were statistically
analyzed using statistical software package i.e. Costat-2003
(Co-Hort, v 6.1) under completely randomized design (CRD).
Significance levels were incurred by applying one-way
ANOVA for all parameters data interpretation (Mason et al.,
2003). The data was represented as Mean±S.D while graphs
with standard error bar, graphs were constructed by using
Microsoft Excel 2013.
RESULTS AND DISCUSSION
Proximate composition of cloves: Proximate composition of
clove (dry weight basis) indicated that moisture, protein, fat,
fiber, ash and NFE were 7.01±0.33, 5.72±0.21, 14.63±0.53,
17.28±1.56, 4.96±0.10 and 50.4±1.76 g/100g D.W.,
respectively (Fig. 1).
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Figure 1. Proximate composition of clove (g/100g D.W.).
Earlier, Sulieman et al. (2007) determined the compositional
characteristics of dried clove buds; moisture 10±0.006%,
protein 1.2±0.02%, fat 12.1±0.45%, fiber 20±0.1%, ash
5.2±0.01% and carbohydrates 51.5±0.02%. These values are
in close harmony with the current study performed.
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Moreover, Shafique et al. (2010) measured the proximate
composition of clove and the values of moisture 9.67±1.20%,
protein 5.88±1.01%, fat 13.58±1.75% and ash 4.62±0.45%
are close harmony with the present study results.
Mineral profile of cloves: It is evident from Figure 4.2 that
clove contains significant amount of minerals. The calcium
content was maximum as 245.30±13.24 mg/100g D.W.
followed by sodium (157.80±8.04 mg/100g D.W.),
magnesium (111.30±6.56 mg/100g D.W.), potassium
(100.80±5.64 mg/100g D.W.), phosphorous (83.80±4.44
mg/100g D.W.), iron (32.00±1.79 mg/100g D.W.) and zinc
(0.50±0.02 mg/100g D.W.).

correspondingly. These values are synchronized to the present
research results.
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Figure 3. Quantification of eugenol concentration in
different treatments.
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Moreover, Wenqiang et al. (2007) narrated that
eugenol+eugenol acetate in clove as 58.8% (19.6 yield) using
supercritical fluid extraction mode at 50°C, 10 MPa (1486
Psi) and 2 hours. This value achieved was almost like TSFE3000
in the current study but more than TSFE1500. They compared
three
conventional
methods;
steam
distillation,
hydrodistillation and soxhlet extraction systems with that of
supercritical fluid extraction system. The maximum content
of eugenol+eugenol acetate in clove was observed as 61.2%
using steam distillation and minimum as 30.8 via soxhlet
extraction system however, 50.3% by hydrodistillation
process. One of their peers, Alma et al. (2007) explored
eugenol, eugenyl acetate and β-caryophyllene via GC-MS as
87, 8.01 and 3.56%, respectively in clove essential oil
extracted using steam distillation method.
Furthermore, Nassar et al. (2007) ascertained 71.56%
concentration of eugenol using n-hexane extract of clove
using GC-MS system. Later, Barakat (2014) reported 16
components in the clove oil and measured eugenol as the
major ingredient 80.19% obtained via GC-MS. Another
researchers group quantified 88.58535% of eugenol in clove
oil via GC-MS (Chaieb et al., 2007). In another study, Zengin
and Baysal (2015) analyzed eugenol content as 75.20% in
clove oil.
Characterization of microencapsulated clove oil powder:
Antioxidant assays: The treatments exhibited significant
differences with respect to TPC, EE, solubility and
wettability, whereas non-significant variations were recorded
in case of DPPH and water activity. Maximum total phenolic
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Figure 2. Mineral profile of cloves (mg/100g D.W.).
Adeyeye and Fagbohu (2005) measured the mineral profile of
clove;
calcium,
sodium,
magnesium,
potassium,
phosphorous, iron and zinc as 400, 60, 100, 150, 540, 100 and
10 mg/100g D.W. The sodium and magnesium, content was
lower as compared to the current study though calcium,
potassium, phosphorous, iron and zinc were higher as
assessed in the present research.
GC-MS quantification of eugenol in supercritical fluid
extracted clove oil: Eugenol content was quantified via gas
chromatographic mass spectroscopic technique in the
supercritical fluid extract obtained at three different pressures.
Eugenol content in TSFE1500, TSFE3000 and TSFE4500 were
52.36±1.83b, 58.12±3.77ab and 77.93±2.81a%, respectively
(Fig. 3).
In another study, Prado et al. (2011) extracted eugenol,
eugenyl acetate, β-caryophyllene and α-humulene from clove
using supercritical fluid extraction system. They retrieved
eugenol as the main bioactive molecule, ranging from 71.12
to 72.74% at extraction time 70 and 130 min,
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Figure 4. Characterization of clove oil microencapsulates.
content was obtained in treatment M2 as 47.68±1.91 mg
GAE/g followed by M3, M4, M1 and M5 as 45.09±2.12,
44.68±1.52, 42.31±1.99 and 42.10±2.11 mg GAE/g,
respectively (Fig. 4). The results of DPPH assay for M1, M2,
M3, M4 and M5 were 80.54±5.73, 85.20±5.96, 81.82±4.25,
81.37±4.88 and 80.69±1.61% inhibition, correspondingly.
Chatterjee and Bhattacharjee (2013) extracted clove oil using
supercritical carbon dioxide and determined the total
polyphenols as 287.76 mg GAE/g of dry clove bud and IC50
value for DPPH scavenging ability as 3.20 µg/mL.
Afterwards, they encapsulated the extracted clove with gum
arabic: maltodextrin using ratio as 1:2.4:4.8 via spray drying
and measured the total polyphenols as 37.06 mg GAE/g of
microencapsulated clove oil and IC50 value for DPPH
scavenging ability as 208 µg/mL. The reason for reduction in
phenolic content and associated antioxidant ability could be
attributed to the existence of coating material. This study was
in close harmony with the current investigation findings.
Another scientists group, Ivanovica et al. (2013) quantified
eugenol content, total polyphenol content (TPC), DPPH and
FRAP scavenging abilities of clove oil extracted via
supercritical fluid system as 64.1%, 530.56±0.09 mg GAE/g
extract, 20.64±0.15 IC50 µg/mL and 1040.73±2.00 µM Fe2+/g
of extract, respectively. The TPC and FRAP trapping ability
values in the study is far higher than attained in the present
scrutiny. The difference might be due to the presence of
entrapment material. On the other hand, eugenol
concentration is comparable to the present study results.
Previously, Yadav and Bhatnagar (2007) expounded that
clove possesses higher DPPH radical trapping ability i.e. 90%
(IC50 value 10±1.1) followed by licorice, mace and
cardamom. Additionally, they detected higher FRAP value as
0.532±0.009 µM trailed by mace, licorice and cardamom. In
a research exploration, sunflower protein concentrate was
employed to encapsulate clove essential oil that reported
ABTS and FRAP assays as 1194.1 mg/g and 5733.3 mM/g,
respectively (Salgado et al., 2013). Later, Sebaaly et al.

(2016) ascribed the % DPPH scavenging potential of free
eugenol, free clove essential oil, cyclodextrin encapsulated
eugenol and cyclodextrin encapsulated clove oil as 88.16,
92.82, 92.31 and 91.32% that could be related to the present
study outcomes. Additionally, Zengin and Baysal (2014)
probed the total polyphenols in clove essential oil as
635.327±11.71 mg GAE/mL. However, the antioxidant
assays based on FRAP and DPPH assays in clove essential oil
were 4357.45±28.83 mM Trolox/mL and IC50 value
0.14±0.02 µL/mL, respectively.
Encapsulation efficiency, solubility, wettability and water
activity: Highest encapsulation efficiency was exhibited by
M2 (82.03±3.61%) while lowest was recorded in the treatment
M1 (65.57±2.95%). Likewise, the solubility ranged between
45.04±1.58 and 62.15±3.05%. The wettability results were
obtained for M1, M2, M3, M4 and M5 were 329±7.90, 288±9.33,
305±3.43, 310±4.72 and 322±3.99, respectively. The water
activity of all the treatments varied from 0.304±0.03 to
0.331±0.04.
The encapsulation efficiency (EE) of phospholipid,
cholesterol and clove oil (10:5:2.5) based liposomes was
78.4%, whereas phospholipid, cholesterol and eugenol
(10:5:2.5) based liposomes possess EE as 86.6% (Sebaaly et
al., 2015). One of the scientists group demonstrated EE of
cardamom essential oil up to 92% by using gum arabic as wall
material (Al-Ismail et al., 2015). In another study, gum arabic
was used to encapsulate clove oil and the value of EE was
noted upto 78% (Luo et al., 2014). Earlier, Carneiro et al.
(2013) portrayed higher oil retention in coating materials
carrying gum arabic however, the presence of maltodextrin
resulted in poor oil stability characteristics as indicated in the
current research. One of their peers, Chatterjee and
Bhattacharjee (2013) encapsulated eugenol with gum arabic:
maltodextrin in the ratio of 1:2.4:4.8 via spray drying and
found the EE ranging from 60-65%. This study confirmed that
the presence of maltodextrin reduced the EE in contrast to
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gum arabic as viewed in the investigation. This response
could be related with that of the present study effects.
In a study, Cortes-Rojas et al. (2014) encapsulated clove
extract using maltodextrin and combination of maltodextrin
and gum arabic (1:1) and found that water solubility differed
significantly. Higher water solubility was indicated by
maltodextrin (70 g of powder/100 g of water) as compared to
the combination of maltodextrin and gum arabic i.e. 45 g of
powder/100 g of water, not supporting the present study
results. In addition, they explicated inverse relationship
between water activity and moisture content. The water
activity and moisture content of maltodextrin coated clove
extract were 0.329±0.004 and 4.06±0.149%, whereas
0.318±0.012 and 4.68±0.071 in maltodextrin and gum arabic
coated clove extract. The findings regarding water activity of
this study are in close harmony with the results of the present
study. The above mentioned study also showed higher
moisture content in case of gum arabic as compared to
maltodextrin that means gum arabic possesses more
hydrophilic groups hence could easily associate with water
molecules i.e. expressed as wettability or rehydration
potential. The coating materials carrying extra hydrophilic
groups shorten the wettability time because of their ability to
interact with water at a greater extent. Moreover, such coating
materials that have higher moisture content, allow more water
to penetrate the pores (Fernandes et al., 2014a). Thus, it could
be deduced from the previous studies that gum arabic
possesses lesser wettability time owing to its higher moisture
extent, justifying the current study finding related to
wettability. In contrast to the current study results, the
wettability time was lesser in maltodextrin and gum arabic
combination coated rosemary oil (274 s) than that of gum
arabic coated rosemary oil (301 s) owing to higher moisture
content in combination (2.05%) as compared to gum arabic
alone (1.64%). However, the similar study indicated higher
solubility by gum arabic (46.57%) in contrast to gum
arabic+maltodextrin (45.82%). Besides, they also observed
higher oil retention capacity by gum arabic (56.83%) as
compared to gum arabic+maltodextrin (45.45%). The higher
solubility and oil retention in the study could be related to the
instant study effects (Fernandes et al., 2014b).
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