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Abstract : This study aimed to evaluate the influence of encapsulation by using some carrier
materials on chemical compositions and antioxidant activities of rosemary and clove essential
oils. Hydrodistillation essential oils (EOs) of rosemary and clove buds were separated and
identified. GC and GC-MS identified 24 and 20 components in rosemary and clove EOs
representing 94.93 % and 98.02 % of the total rosemary and clove EOs, respectively. The main
components of rosemary EO were 1, 8-cineole (30.88%) followed by camphor (22.71%), a-
terpineol (15.01%), a- pinene (8.78%) and camphene (4.31%). The major compound in the
volatile oil of clove buds were Eugenol (81.77%) followed by B-Caryophyllene (5.97%) and
eugenol acetate (5.19%). The effect of microencapsulation with some carrier materials (alginate,
chitosan, carragenaan and carboxymethyl cellulose) on the chemical composition and
antioxidant activities of rosemary and clove EOs were studied. Chitosan was characterized with
its higher efficiency for microcapsulated EOs compared to other carrier material. The change in
the chemical classes of EOs was observed after encapsulation. Clove EO exhibited a higher
antioxidant activity and total phenolic content than rosemary EO. Also, encapsulated clove EO
in chitosan and rosemary EOs in alginate exhibited higher antioxidant activity and total
phenolic content compared to other investigated encapsulated EOs. After storage for 6 months,
all encapsulated EOs exhibited an increase in antioxidant activity and total phenolic content
except those encapsulated in alginate and CMC, respectively.

Keywords: Clove essential oil; rosemary essential oil; antioxidant activity; GC-MS;
microencapsulation.

Introduction

Clove is belongs to the genus of Syzygium, family Syzygieae. Clove (Syzygium aromaticum) is one of
the richest sources of phenolic compounds such as eugenol, eugenol acetate and gallic acid and posse’s great
potential for pharmaceutical, cosmetic, food and agricultural applications'. Rosemary (Rosmarinus officinalis
L) belonging to plant family Labiatae is very common spice and its oil is used in fragrance flavor industry
aromatherapy’. Rosemary essential oil provides antioxidant activity™® antimicrobial and antitumour
properties” °. Microencapsulation of essential oils or flavours has been reported for offering protection and to
reduce volatilization as well as degradation. Yet another objective of encapsulating essential oils or flavours
was to design solid particulate forms of liquid core material”® and to provide longer shelf life as a raw material
which has better handling characteristics and is compatible with dry ingredients. Extended shelf life of
microencapsulated flavours is attributed to limited exposure to temperature, moisture, oxidation and light
during storage and processing” '* !> 3,
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The main objective of this paper was to study the influence of encapsulation by using some carrier
materials (alginate, carrageenan, chitosan and carboxy methyl cellulose) on chemical compositions and
antioxidant activities of rosemary and clove essential oils.

2. Materials & Methods
2.1. Materials

The plant materials of clove buds (Syzygium aromaticum) and rosemary (Rosmarinus officinalis) were
obtained from production medicinal and aromatic plant unit at National Research Centre, Cairo, Egypt. Sodium
alginate, chitosan low MW, carrageenan, carboxymethyl cellulose (CMC), trisodium polyphosphate(TPP) ferric
chloride (Fecls) and 2,2-diphenyl-1-picryhydrazyl (DPPH) were purchased from Sigma-Aldrich Co. (St. Louis,
Mo, USA). Calcium chloride (Ca Cl,) and potassium chloride (KCI) were purchased from Park Scientific
Limited (U/K). Authentic volatile compounds and standard n-paraffin (C8-C22) were purchased from Sigma
Aldrich Chemical Co. (St. Louis, MO, USA) and Merck (Darmstadt, Germany). All other chemicals were of
analytical grade and the solvents were purified and distilled before using.

2.2. Methods
2.2.1. Extraction of essential oil

One hundred grams of clove buds or rosemary were subjected to hydrodistillation using Clevenger
apparatus for 4 hr to isolate their essential oils. Essential oil samples were stored at 0°C in air-tight containers
after drying them over anhydrous sodium sulfate and filtered before analysis by GC and GC-MS.

2.2.2 Encapsulation of Essential Oils

Microencapsulation of oil was conducted using emulsion extrusion technique described by Chan'.
Sodium alginate, K- Carrageenan, Carboxy Methyl Cellulose (CMC) and chitosan were dissolved in distilled
water to produce polymer solutions with a concentration of 2 % w/v; the solutions were left standing for 3 hrs to
disengage bubble before use. Afterwards, polymer solution (100 ml) and EO (1 ml) were homogenized into a
200 ml beaker with stirring at a speed of 300 rpm for 10 hrs by a magnetic stirrer. The oil was gradually added
to the polymer solution during mixing until the desired oil loading was obtained. Fifty milliliters of alginate-oil
emulsion, K- Carrageenan-oil emulsion, Carboxy Methyl Cellulose (CMC) oil emulsion and chitosan oil
emulsion were then sprayed into a collecting water bath containing calcium chloride solution (2 w/v%), KCI (2
w/v%), FeCl3(0.05 M) and TTP (5 w/v%), respectively by using an Inotech Encapsulator (Switzerland) with a
450- m nozzle. The resulting microcapsules were allowed to harden in cross-linking solutions for 3 hrs. The
loaded oil polymer beads were collected from the cross-linking solutions using a sieve. Finally, the micro-beads
were rinsed twice with distilled water; tissue paper was used to absorb the surface excessive water and oil onto
the wet microcapsules.

2.2.2.1. Microencapsulation efficiency
Encapsulation efficiency (EE) was determined according to the method described by Voncina et al. "
2.2.3. Determination of Phenolic Content

Phenolic content of initial, encapsulated and stored encapsulated essential oils of clove and rosemary
were extracted as follows: One gram of initial or encapsulated essential oil samples on Sodium alginate, K-
Carrageenan, Carboxy Methyl Cellulose (CMC) and chitosan were crushed, the 3 ml methanol was added and
mixed for 10 min by ultrasonic. The obtained extracts filtered and centrifuged at 4000 r.p.m, for 10 min, the
supernatant was concentrated under vacuum at 40°C for 3 hr using a rotary evaporator (Heidolph-Laborota,
Germany) to obtain the methanolic extract. The crude extract was kept in dark glass bottles for three days at
freezing point up till use.

Total phenolics contents were determined by the Folin—Ciocalteu method'®. 200ul of methanolic
extracts of clove or rosemary samples were added separately to 1 ml of 1:10 diluted Folin—Ciocalteu reagent
and 800 pl of saturated sodium carbonate 75 g/I. The reaction mixture was incubated at 45°C for 40 min, and
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the absorbance was measured at 765 nm in Shimadzu, spectrophotometer. Gallic acid (0-50pg/ml) was used for
the calibration curve. The results were expressed as Gallic acid equivalent pg GAE/g dry weight and calculated
as mean values (n = 3).

2.2.4. Determination of Antioxidant Activity

Antioxidant activity of initial, encapsulated and stored encapsulated of clove and rosemary essential
oils were determined. The DPPH radical-scavenging assay was carried out as previously reported by
Grzegorczyk et al. '’ Various concentrations of ethanol and ethanol extracts of clove and rosemary (50, 100,
150, and 200 pg/ml) were added to 4 ml of 0.1 mM DPPH solution in methanol and the reaction mixture was
shaken vigorously. After incubation for 30 min at room temperature the absorbance was recorded at 517 nm.
TBHQ (TBHQ, tertiary butyl hydroquinone) was used as a reference in the same concentration range as the test
extract. A control solution, without a tested compound, was prepared in the same manner as the assay mixture.
All the analyses were done in triplicate. The degree of decolorization indicates the radical-scavenging efficiency
of the extract. The antioxidant activity of dates was calculated as an inhibitory effect (I %) of the DPPH radical
formation as follows:

Inhibition % = 100 X A5 17 (control) — A 517 (sample) / A 5 17 (control)
2.2.5. Gas chromatographic (GC) analysis

GC analysis was performed by using the Hewlett—Packard model 5890 equipped with flame ionization
detector (FID). Volatiles were separated using a fused silica capillary column DB5 (60 m 0.32 mm i.d. 0.25 1 m
film thickness). The oven temperature was maintained initially at 50 °C for 5 min, then programmed from 50 to
250 °C at a rate of 4°C/min. Helium was used as the carrier gas, at flow rate of 1.1 ml/min.The sample size was
2 pl, split ration 1:10, the injector and detector temperature were 220 and 250°C. The retention indices (Kovats
index) of the separated volatile componentswere calculated with reference to the retention time of aseries of
alkanes (C6—C20) as external standard run at the same conditions.

2.2.6. Gas chromatographic-mass spectrometric (GC-MS) analysis

The analysis was carried out using a couple gas chromatography Hewlett—Packard 5890/mass
spectrometry Hewlett—Packard-MS 5970. The ionization voltage was 70 eV, mass range m/z 39-400 amu. The
GC condition carried out as mentioned above. The isolated peaks were identified by matching with data from
the library of mass spectra (National Institute of Standard and Technology) and comparison with those of
authentic compounds and published data'®.

2.2.7. Statistical analysis

The obtained results were evaluated statistically using the analysis of variance as reported by
McClave & Benson *.

3. Result and discussion
3.1 Effect of Microencapsulation on Composition of the Essential Oils

Volatile compounds of rosemary essential oil (EO) before and after microencapsulation with some
carrier materials were identified and presented in Table 1. Twenty four components were identified in rosemary
EO, representing 94.93% of total yield. The major compounds were 1, 8-cineole (30.88%) followed by camphor
(22.71%), a- terpineol (15.01%), a- pinene (8.78%) and camphene (4.31%). Yang et al. * and Gharib &
Teixeira da Silva *' reported that 1, 8-cineol was the major compounds in rosemary EO. But in another study, a-
pinene was the major compound followed by camphor and 1, 8-cineol’> *. On the other hand, Boutekedjiret et
al ¥ and Benhabiles et al. > found that the major compounds of Rosmarinus officinalis EO that collected in
Algeria were camphor, borneol, a-terpineol, bornyl acetate, -caryophyllene, §-candinene, muurolene and a-
humulene. Differences in the volatile components could be related to climate and seasonal factors, origin and
method of distillation. The antioxidant activity of rosemary EO may be due to the considerable concentration of
1, 8-cineol, camphor, a-pinene’’. Wang et al.”® reported that in addition to the major compounds, minor
compounds may also contribute significantly to the activity of rosemary EO.
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As shown in Table 1 oxygenated monoterpenes were the predominant chemical class followed by
monoterpenes , sesquiterpenes, esters , phenyl propanoid and oxygenated sesquiterpene in initial and
microencapsulated EOs. Total yield of monoterpenes showed remarkable decrease in all carrier materials of
encapsulated rosemary EOs. While, the high content of oxygenated monoterpenes was noticed in all
encapsulated oil samples, except which encapsulated with carrageenan. On the other hand, encapsulated EO
with carrageenan showed the highest content of sesquiterpenes, oxygenated sesquiterpenes, phenyl propanoids
and esters.

Table 1. Effect of microencapsulation rosemary essential oil with some carrier materials on its chemical
constituents.

Relative area percentages(%)*
No KI* Compounds® Initial EO Encapsulated rosemary essential with
Alginate | Chitosan | Carrageenan | CMC
1 925 a-Thujene 0.14 -- -- - -
2 936 a-Pinene 8.78 0.23 0.38 1.74 0.06
3 953 Camphene 431 1.00 1.75 0.94 -
4 979 B-Pinene 1.16 -- 0.44 0.94 0.43
5 988 B-Myrcene 1.02 -- -- -- --
6 1005 a-Phellandrene 0.19 -- -- 0.28 --
7 1018 a-Terpinene 0.29 -- 0.06 0.31 0.11
8 1035 1,8-Cineole 30.88 12.29 8.61 10.24 26.49
9 1060 y-Terpinene 0.31 0.37 0.11 -- --
10 1091 Terpinolene 0.35 0.27 0.21 0.34 0.35
11 1108 Linalool 1.71 3.10 2.92 0.83 0.22
12 1155 Camphor 22.71 24.24 20.97 7.84 30.01
13 1169 Borneol 0.19 -- 0.24 0.76 2.05
14 1180 Terpinen-4-ol 1.31 26.77 29.99 2.95 19.27
15 1187 p-Cymen-8-ol 1.83 -- -- -- --
16 1203 a-Terpineol 15.01 19.33 19.98 30.02 11.90
17 1288 Bornyl acetate 1.94 1.49 2.34 10.76 -
18 1292 Thymol 0.46 1.91 2.55 2.92 0.27
19 1347 a-Cubebene 0.17 -- -- -- --
20 1360 Piperitenone 0.16 -- -- 9.51 --
21 1375 a-Copaene 0.12 1.67 0.09 -- 1.34
22 1427 B-Caryophyllene 1.39 0.33 0.93 6.32 -
23 1460 a-Humulene 0.11 -- 0.84 -- --
24 1591 | Caryophyllene 0.39 0.21 0.81 6.52 0.72
oxide
Monoterpenes 16.55 1.01 2.92 4.55 0.95
Oxygenated 73.79 85.73 82.71 62.15 89.94
monoterpenes
Sesquiterpenes 1.79 2.0 1.86 6.32 1.34
Oxygenated 0.39 0.21 0.81 6.52 0.72
sesquiterpenes
Phenyl 0.46 1.91 2.55 2.92 0.27
propanoids
Esters 1.94 1.49 2.34 10.76 --

“Retention index: Kovats retention index relative to n-alkanes on column DB-5; "Compound identified by GC-
MS(MS) and / or by Kovats index on DB5 (KI) and/ or by comparison of MS and KI of standard compounds
run under similar GC-MS; ¢ Value expressed as relative area percentages to total identified compounds.

--:not detected
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Table 2. Effect of microencapsulation clove essential oil with some carrier materials on its chemical
constituents.

Relative area percentages (%)°
No KI* Compounds® Initial EO Encapsulated clove essential with
Alginate | Chitosan | Carrageenan | CMC
1 1198 | Dihydrocarvone 0.23 -- 0.17 0.1 --
2 1238 | Carvone 0.08 -- -- 0.03 -
3 1258 | P-Allylphenol 0.17 0.30 -- 0.14 1.07
4 1267 | (E) Geraniol 0.19 -- -- -- 1.07
5 1289 | Isobornyl acetate 0.06 -- -- 0.03 --
6 1308 | Carvacrol 0.10 -- -- -- --
7 1343 | a-Cubebene 0.14 -- -- -- --
8 1367 | Eugenol 81.77 88.36 95.6 89.47 58.43
9 1388 | o-Elemene 1.63 -- -- -- --
10 1399 | Methyleugenol 0.46 -- -- -- 1.35
11 1411 | a-Santalene 0.24 0.05 -- -- --
12 1426 | B-Caryophyllene 5.97 0.07 1.16 0.19 -
13 1433 | y-Elemene 0.14 -- -- -- --
14 1442 | Aromadendrene 0.11 0.10 -- -- --
15 1453 | a-Humulene 1.01 -- -- 0.06 --
16 1471 | p —Santalene 0.05 0.05 - - -
17 1480 | Curcumene 0.17 -- -- 0.18 --
18 1499 | Bicyclogermacrene 0.25 -- -- -- --
19 1521 | Eugenol acetate 5.19 9.17 0.67 7.92 35.62
20 1578 | Caryophyllene oxide 0.21 0.05 0.38 -- 0.63
Monoterpenes 0.31 -- 0.17 0.04 --
Oxygenated 0.19 - - - 1.07
monoterpenes
Sesquiterpenes 9.7 0.27 1.16 0.42 --
Oxygenated 021 0.05 038 - 0.63
sesquiterpenes
Phenyl propanoids 82.5 88.66 95.6 89.62 60.85
Esters 0.06 9.17 0.67 7.95 35.62

“Retention index: Kovats retention index relative to n-alkanes on column DB-5; ° Compound identified by GC-
MS(MS) and / or by Kovats index on DB5 (KI) and/ or by comparison of MS and KI of standard compounds
run under similar GC-MS; ¢ Value expressed as relative area percentages to total identified compounds.

Volatile compounds of clove EO and their microencapsulated samples in alginate, chitosan,
carrageenan and CMC were identified and presented in Table 2. Twenty components were identified in clove
EO, representing 98.02% of the total clove EO. Eugenol (81.77%) was the major compound followed by [-
Caryophyllene (5.97%) and eugenol acetate (5.19%).These results are in accord with previous literature *"** %,
Lee and Shibamoto * found that eugenol and eugenol acetate were the main antioxidant ingredients in clove EO.
It is worth to be mentioned that, B-caryophyllene characterized with its anti-inflammatory activity as stated by
Ghelardini et al.>’. Many authors reported that the high level of eugenol contained in clove EO give it strong
biological activity and is used traditionally as flavouring agent and antimicrobial material in food******%*,

Phenyl propanoids were the dominant chemical classes in clove essential oil followed by
sesquiterpenes , monoterpenes , oxygentated sequiterpene , oxygenated monoterpene and esters (Table 2). On
other word, a decreasing in monoterpenes, oxygenated monoterpenes and sesquiterpenes in all encapsulated oil
samples were observed. However, an increasing in the content of phenyl propanoids occurred in different
selected carrier materials of encapsulated clove EO except in case of using CMC. Also, esters showed
significant increase in all kinds of encapsulated clove EO. Furthermore, oxygenated sesquiterpenes were
increased in case of using carrageenan encapsulated EO compared to other carrier materials. The change in the
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concentrations of the EO composition among the encapsulated clove EO may be correlated to the interaction
between the components of EO and carrier materials.

3.2. Efficiency of Micro-encapsulation (EE %)

The efficiency of microencapsulation rosemary and clove EOs by using some carrier materials was
determined and graphically represented in Figs 1 and 2. From the obtained figures it could be noticed that, the
highest encapsulation efficiency for both rosemary and clove EOs was found in case of encapsulation with
chitosan, followed with alginate. While, the lowest value was happen in the encapsulated EOs with CMC.
These differe}:gces in the encapsulation efficiency may be due to the change in physicochemical properties of the
essential oil ~ .
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Figure 1: Efficiency of microencapsulation rosemary essential oil with some carrier materials.
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Figure 2: Efficiency of microencapsulation clove essential oil with some carrier materials.
3.3 Antioxidant Activity and total phenolics content of Clove and Rosemary Essential Oils

Antioxidant activity and total phenolic contents of clove and rosemary EOs were evaluated.
Antioxidant activity of clove and rosemary EOs was assessed by DPPH assay and presented in Table 3. DPPH
radical scavenging activity and total phenolic content was higher in EO of clove than rosemary, where they
reached in clove EO to 89.24% and 425.5 pg/ g, while rosemary EO reached to 80.20 % and 390.1 pg/ g as
Gallic acid respectively.

Table 3: Antioxidant activity (DPPH) and total phenolic contents (Gallic acid) of clove and rosemary
essential oils.

Essential oils Antioxidant activity (DPPH%) Phenolic contents (ng/g) as GAE
Clove 89.24°+ 0.103 452.5%+ 2.64
Rosemary R0 20°+ 0248 390 10°+ 126

LSD at 0.05 1.97 2.23

Where: GAE= Gallic acid
3.4 Effect of microencapsulation EO on antioxidant activity and total phenolic contents

Effects of microencapsulation clove and rosemary EOs with some carrier materials (alginate, chitosan,
Carrageenan and CMC) on antioxidant activity and total phenolic contents were evaluated. Table 4 proved that
the encapsulated clove EO in chitosan had the highest antioxidant activity (40%) and total phenolic content
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(195ng/g as GAE) compared to encapsulated clove EOs in alginate, carrageenan and CMC. Also, encapsulated
clove EO characterized with its higher antioxidant activity and total phenolic contents compared to the same
carrier material in rosemary. While, the highest antioxidant activity (34.8 %) and total phenolic content (180
ng/ g as GAE) in encapsulated rosemary EO were found in alginate compared to other carrier materials of the
same EO.

Table 4: Effect of microencapsulation of clove and rosemary essential oils with some carrier materials on

antioxidant activity (DPPH) and total phenolic contents (Gallic acid).

Essential oils Antioxidant activity Phenolic contents
(DPPH%) (ng/g as GAE)
Capsulated clove with
CMC 35.5°1£0.82 178.5°£1.65
Chitosan 40.0°+0.96 195.0°+2.06
Carrageenan 36.5°+0.65 175.0°£1.53
Alginate 38.0° +0.86 185.5°£1.72
Capsulated rosemary with

CMC 29.5'£0.79 168.0°+1.13
Chitosan 32.8 *40.56 174.0+1.29
Carrageenan 31.6° £0.69 168.0°+1.34
Alginate 34.8Y +£0.76 180.0°+1.19
LSD at 0.05 1.47 1.79

3.4 Effect of storing microencapsulated EO for 6 months on antioxidant activity and total phenolic
contents

The effect of storing microencapsulated clove and rosemary EOs for 6 months at room temperature on
antioxidant activity (DPPH) and total phenolic contents (Gallic acid) were evaluated. As shown in Table 5 after
storage for 6 months, all encapsulated EOs oils exhibited an increase in antioxidant activity and total phenolic
content except that encapsulated rosemary and clove EOs in alginate and CMC matrixes compared to the same
sample before storage (Table 4), respectively. The increase in antioxidant activity could be related to changes
that occurred in concentration of EO components during storage.

Table 5: Effect of storage for 6 months on antioxidant activity (DPPH) and total phenolic contents (Gallic
acid) of encapsulated essential oils.

Essential oils Antioxidant activity Phenolic contents
(DPPH%) (ng/g) asGAE
Capsulated Clove with:
CMC 36.540.77 185.042.18
Chitosan 40.0%£0.83 202.5°+1.85
Carrageenan 37.5b°+0.89 200.041.72
Alginate 40.0°+0.96 205.0 +1.46
Capsulated Rosemary with:
CMC 32.59+0.52 172.5%1.65
Chitosan 38.5°+0.91 180.0°+1.39
Carrageenan 34.0%£0.82 170.0%£1.70
Alginate 36.040.71 175.0 £1.86
LSD at 0.05 1.69 1.74
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Conclusion

The GC and GC-MS analysis revealed that 1, 8-cineole (30.88%) was the major compounds in
rosemary essential oil followed by camphor (22.71%), a- terpineol (15.01%), a- pinene (8.78%) and camphene
(4.31%). Whereas, the major compound in the volatile oil of clove were Eugenol (81.77%) followed by [-
Caryophyllene (5.97%) and eugenol acetate (5.19%). The chemical composition concentration and antioxidant
activity of essential oils were varied a as affected by microencapsulation process. Antioxidant activity and total
phenolic content of encapsulated rosemary and clove EOs not declined but increased after storage for 6 months.
Therefore, microencapsulation process prevent volatile compound of essential oils that responsible to
antioxidant activity during storage for 6 months.

References

1.  Cortés-Rojas D. F., Fernandes de Souza C. R. and Oliveira W. P., Clove (Syzygiumaromaticum): a
precious spice, Asian Pac. J. Trop. Biomed., 2014, 4, 90 — 96.

2. Tena M. T., Valcarcel M., Hidalgo P. and Lubera J., Supercritical fluid xtraction of natural antioxidant
from rosemary: Comparison with liquid solven sonication, Anal.Chem., 1997, 69, 521.

3. Mizrzhi I, Juarez M.A. and Bandoni A., The essential oil of rosemarinus officinalis growing in
Argentina, J. Essential. Oil Res., 1991, 3, 11.

4, Wada M., Kido H., Ohyama K., Kishikawa N. , Ohba Y., Kuroda N. and Naka Shima K., Evaluation
of quenching effects of non-water soluble and water soluble rosemary extracts against active oxygen
species by chemiluminescent assay, Food Chemistry, 2007, 87, 261.

5. Baratta M. 1., Dorma H.J.T, Deans S.G., Figuei redo, A.C., Barroso J.G. and Rubert G., Antimicrobial
and antioxidant of some commercial essential oils, Flavor Frag. J., 1998, 13, 235.

6.  Almela L., Sanchez-Munoz B., Fernandez-Lopez J.A., Roca M.J. and Rabe V., Journal of
Chromatography A., 2006, 1120, 221-2209.

7. Nixon J.R., Nouh A., The effect of microcapsule size on the oxidative decomposition of core material,
J. Pharm. Pharmacol., 1978, 30, 533-537.

8.  Krishan S., Kshirsagar A.C. and Singhal R.S., The use of gum Arabic and modified starch in the
microencapsulation of a food flavoring agent, Carbohydr. Polym. ,2005, 62, 309-315.

9.  Madan P.L., Clofibrate Microcapsules II: Effect of wall thickness on release Characteristics, J. Pharm
Sci., 1981, 70, 430-433.

10. LinC.C, Lin S.Y. and Hwang L.S., Microencapsulation of squid oil with hydrophilic macromolecules
for oxidative and thermal stabilization , J. Food Sci. ,60, 36-39.

11. Chan L.W., Lim L.T. and Heng P.W., Microencapsulation of oils using sodium alginate, J.
Microencapsul., 2000, 17,757-766.

12.  Pedroza-Islas R., Macias-Bravo S. and Vernon-Carter E.J., Oil thermo-oxidative stability and surface
oil determination of biopolymer microcapsules ,Revasta Mexicana De Ingenieria Quimica., 2002, 1,
37-44.

13.  Thimma R.T.and Tammishetti S., Study of complex coacervation of gelatin with sodium
carboxymethyl guar gum: Microencapsulation of clove oil and sulphamethoxazole, J.

Microencapsul., 2003, 20, 203-210.

14. Chan E.S., Preparation of Ca-alginate beads containing high oil content: influence of process variables
on encapsulation efficiency and bead properties, Carbohydr.Polym., 2011, 84 ,1267-1275.

15. Voncina B., Kreft O., Kokol V. and Chen W.T., Encapsulation of rosemary oil in ethyl cellulose
microcapsules, Textile and polymer journal., 2009, 1, 13-19.

16. Singleton V.L., Orthofer R. and Lamuela-Raventos R.M., Analysis of total phenols and other
oxidation substrates and antioxidants by means of Folin- Ciocalteu reagent, MethodsEnzymol.,1999,
299, 152-178.

17. Grzegorczyk 1., Matkowski A. and Wysokinska H., Antioxidant activity of extracts from in vitro
cultures of Salvia officinalis L, Food Chemistry, 2007, 104, 536-541.

18. Adams, R.P., Identification of essential oil components by gas chromatography-mass spectrometry,
Allured Publishing Corporation, Carol Stream, Illinois, USA,1995.

19. McClave J.T. and Benson P.G., Statistical for Business and Economics, Max Well Macmillan
International editions, Dellen Publishing Co., USA,1991, pp. 272-295.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Cort%26%23x000e9%3Bs-Rojas%20DF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Souza%20CR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20WP%5Bauth%5D

Shereen N Lotfy et a/ /International Journal of PharmTech Research, 2016,9(8),pp 228-236. 236

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Yang S.A., Jeon S.K., Lee E.J., Shim C.H. and Lee L.S., Comparative study of chemical composition
and antioxidant activity of six essential oils and components ,Natural Product Research : Formerly
Natural Product Letters., 2010, 24, 140-151.

Gharib F.A.L. and Teixeira da Sliva J.A., Composition total phenolic and antioxidant activity of
essential oil of four Lamiaceae herbs, Medical and Aromatic Plant Science and Biotechnology., 2013,7,
19-27.

Viuda-Martos M.V., Navajas Y.R., Lopez Janea, F. and Perez-Alvarez J.A., Chemical composition of
the essential oil obtained from some spices widely used in Mediterranean region, Acta Chim Slov.,
2007, 54, 921-926.

Bernstein N., Chaimovitch D. and Nudai N., Effect of irrigation with secondary treated efficient on
essential oil antioxidant activity, and phenolic compounds in Oregano and rosemary, Agronomy J.,
2009, 101, 1-10

Boutekedjiret C., Bentahar F., Belabbes R. and Bessiere J.M., The essential oil from Rosmarinus
officinalis L. in Algeria, J. Essent. Oil Res.,1998, 10, 680-682.

Benhabiles N.E.H., Ait-Amar H., Boutekdjiret C. and Belabbe R., Comparative study of Algeria’s
Rosmarinus eriocalyx and Rosmarinus officinalis L. Perfum. Flavour., 2001, 26, 40-48.

Wang W., Wu N., Zu Y.G. and Fu Y.J., Antioxidant activity of rosemarinus officinalis L. essential oil
compared to its main components, Food Chem., 2008,108, 1019-1022.

Zapata C. and Meireles M.A.A., The effective diffusivity of clove (Eugenia caryophyllus) essential oil
in pressurized CO, , Cienc. Technol. Aliment., 1997, 17, 393-398.

Raina V.K., Srivastava S.K., Aggarwal K.K., Syamasundar K.V. and Sushil K., Essential oil
composition of Syzygium aromaticum leaf from Little Andaman, India, Flavour Fragr. J., 2001, 16,
334-336.

Alma M.H., Ertas M., Nitz S. and Kollmannsberger H., Chemical composition and content of
essential oil from the bud of cultivated Turkish clove Syzygium aromaticum L., Biosources, 2007, 2,
265-269.

Lee K.G. and Shibamoto T., Antioxidant property of aroma extract isolated from clove buds
[Syzygiumaromaticum (L.) Merr.EtPerry], Food Chem., 2001, 74, 443-448.

Ghelardini C., Galeotti N., Cesare Mannelli L. Di., Mazzanti G. and Bartolimi A., Local anaesthetic
activity of B-caryophyllene, II Farmaco., 2001,56,387-389.

Huang Y., Ho S.H., Lee H.C. and Yap Y.L., Insecticidal properties of eugenol, isoeugenol and
methyleugenol and their effects on nutrition of Sitophiluszeamais Motsch. (Coleoptera: Curculionidae)
and Triboliumcastaneum (Herbs) (Coleoptera: Tenebrionidae), J. Stored Prod. Res., 2002, 38, 403-412.
Velluti A., Sanchis V., Ramos A.J. and Mari’n S., Inhibitory effect of cinnamon, clove, lemongrass,
oregano and palmarose essential oils on growth and fumonisin Bl production by
Fusariumproliferatumin maize grain ,Int. J. Food Microbiol., 2003, 89, 145-154.

Shafi P.M., Rosamma M.K., Jamil K. and Reddy P.S., Antibacterial activity of S. cuminiand S.
travancoricum leaf essential oils, Fitoterapia., 2002, 73, 414-416.

Muruganadan S., Srinivasan K., Chandra S., Tandan S.K., Lal J. and Raviprakash V., Anti-
inflammatory activity of Syzygium cumini bark, Fitoterapia., 2001, 72, 369-375.

Arana-Sanchez A., Estarron-Espinosa M., Obledo-Vazquez E.N., Padilla-Camberos E., Silva-Vazque
R. and Lugo-Cervantes E., Antimicrobial and antioxidant activities of Mexican oregano essential oils
(Lippia graveolens H. B. K.) with different composition when microencapsulated in beta-cyclodextrin,
Lett. Appl. Microbiol., 2010, 50, 585-590.

%k Kk %k k



	Chemical Composition and Antioxidant Activities of  Microencapsulated Rosemary and Clove Essential Oils
	Carrageenan
	36. Arana-Sánchez  A., Estarrón-Espinosa  M., Obledo-Vázquez  E.N., Padilla-Camberos  E., Silva-Vázque  R. and Lugo-Cervantes E., Antimicrobial and antioxidant activities of Mexican oregano essential oils (Lippia graveolens H. B. K.) with different composition when microencapsulated in beta-cyclodextrin,  Lett. Appl. Microbiol., 2010, 50, 585–590.

