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Abstract: Encapsulation is a current, important and broadly used process to retain and protect volatile and
flavoring compounds in commercial food products. Unfortunately production of these materials 1s largely an
empirical science. In the present investigation gum arabic was used as carrier and orange peel oil was chosen
as a core ingredient because, besides having a great economic importance in food industry, its volatile
components are highly sensitive to the oxidation by effect of temperature, light and oxygen presence. Although
several encapsulation methods have been reported, the spray drying technology has become one of the most
important processes used to produce dry flavors from liquids throughout the food and beverage. Orange oil
was encapsulated with gum arabic via spray drying using inlet and exit air temperatures of 200°C and 100 °C,
respectively. The resultant powders were analyzed for moisture content (toluene distillation), surface content
(Soxhlet extraction) and total o1l (Clevenger distillation). The lugh retention percentage of orange peel o1l
powder (89%) could be successfully prepared in the gum Arabic materials with low surface content comparing
with 20% w/w of conventional materials. As regard to the safety of encapsulated orange oil, it was noticed that
glucose serum, cholesterol and aminotransferases enzymes extubited no sigmificant change as compared to
control. Meanwhile, creatimne content (mg/dl) was sigmticantly (p<0.002) increased from 0.8 (in control) to 1.06

mg/dl after encapsulated orange oil treatmen
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INTRODUCTION

Flavor has today become an essential ingredient
for food developers: it imparts taste and aroma to a variety
of foodstuffs, restores the flavoring lost durng
processing and allows the development of new products
with novel tastes. There are three major purposes for
encapsulating flavors. The first one is to convert liquid
flavors mto a dry form and free-flowing powder form.
The second is to prevent flavor compounds from
easily undergo oxidation leading to a decrease in flavor
strength or even the development of off-flavor. Since
encapsulation 1s effective ways to provide barriers
against undesirable environmental factors and thereby
minimize the changes. Finally, microencapsulated flavors
offer the possibility for controlled flavor release during
processing or final food preparation [1-3].

Spray drying is the most common technique to
produce flavor powders from food flavor emulsion;

recipes for spray-dried flavors contain m addition to the
liquid flavor, carrier materials such as maltodextrin (MD),
gum Arabic and modified starch, etc. Ingredients are
mixed, emulsified, homogenized and spray dried; water
content 1s reduced to below 5% and the flavor is
encapsulated in an amorphous glassy carbohydrate
matrix. Therefore, the aim of the present work was to
evaluate the chemical properties and safety of orange peel
o1l capsules.

MATERIALS AND METHODS

Orange peel o1l was obtained from Kato Aromatic Co.
Giza (Egypt) .Gum Arabic was obtained from PRS Panreac
(Espania).

Experimental ammals were obtained from the Ammals
House of the National Research Center. Swiss Albino
mice of five weeks age with an average weight of
25-30 gram were used in the experiment.
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Kits for determination of glucose, cholesterol,
Aspartate amino transferase (AST), Alamne amino
transferase (ALT) and creatinene were purchased from
Biodiagnostic Giza Co. Egypt

Emulsion Preparation and Spray Drying: Solutions of
Arabic gum containing 30 percent (w/w) solids were
dispersed in deionized water and gently heated (60°C)
over a steam bath to facilitate solubilization. The solutions
were allowed to cool to room temperature before storing
under refrigeration overnight (4°C). The orange oil (20%
w/w of solids) was added and homogenized vigorously
(10, 000 rpm for 5 min) with an Ultra Turax M-45
homogenizer at ambient temperature (22°C). The obtamed
emulsion was maintained under slow agitation during
spray drying.

The emulsion was spray dried in a BUCHI 190 Spray
Dryer with an evaporation rate of 1.5 kg /1 hour and a
chamber diameter of 10 cm, equipped with a pressurized
nozzle operating at 5 atmospheres. Feed is metered into
the dryer by a peristaltic pump. Drying conditions were
controlled using inlet and exit air temperatures of 200°C
and 100°C, respectively. Powder was collected at the
bottom of dryer cyclone and kept in air tight containers at
8°C until analyzed
Separation and ldentification of the Chemical
Components of Orange Oil: a.Gas chromatography
techmque was used to separate and identify the volatile
chemical components under the following conditions:

A Hewlett Packard 5890 series II Instrument equipped
with a flame ionization detector (FID) and a carbowax
fused silica column (50 m length, 0.25 mm mside diameter
and film thickness of 0.32 um). The oven temperature was
programmed from 60°C to 200°C at the rate of 3°C/min.
Helium (1 ml/min) was used as a carrier gas with a split
ratio of 100:1. The temperature of injection port and
detector were 150°C and 250°C, respectively. Percentages
of peak area were calculated with a Hewlett Packard 3396
ntegrator.

Retention of Individual Aroma Compounds During Spray
Drying: The amounts of individual aroma compounds
retained by spray drying operation were determined by
gas chromatographic (GC) analysis Fresh powder
samples were extracted using an acetone - dissolved in
0.85 g of distilled water in a screw -cap vial and mixed
using a vortex mixer. Then 4 g of an acetone solution
containing 2- octanone as an internal (0.25mg/g acetone)
was added to the vial and mixed again. After settling, the
supernatant was transferred to 2 ml screw - cap vial. One

microliter of each extract was automatically injected in
split less mode into a HP5890 series 11 GC according to
Risch and Remeccius [4]b. Physicochemical properties of
orange oil.

Determination of the Properties of Powder
Total Oil
Moisture Content: Total oil and moisture content in the
spray dried powders were determined by Clevenger
distillation [6]

Determination of Remainder and

Determination of Surface Oil: Soxhlet extraction
apparatus was used for removing the surface o1l from the
encapsulated samples. Forty grams of powder were placed
1n an extraction thimble and covered with glass wool . The
powder was extracted with hexane for 4 hour, after which
the o1l determined by Clevenger
hydrodistillation. Differences m oil volume between
solvent washed samples versus non-washed samples
were attributed to surface oil on the powder according to
Trubiano and Lacourse [7]

retention was

Determination of Bulk Density: Bulk density was
determined by the tapping method according to Hall and
Hedrick [8] Powder (30 gm) was loosely weighed into a
100 ml graduated cylinder. Cylinder with the powder was
tapped on a flat surface to a constant volume. The final
volume was recorded. Bulk density was calculated by
dividing the sample weigh by the volume

Determination of Scanning Electron Microscopy (SEM):
The specimens were mounted on copper stubs with
double - side's adhesive tape and coated with gold using
Sputter Coater S150A Edwards -England.

The specimens were examined under Scanning
Electron Microscope (JXA-840A Electron Probe Micro
analyzer- JEOL-, Japan.) imaging mode at an acceleration
voltage of 30 kV. Photographs were taken at 500 X
magnification [9]

Biological Treatment: Ten of Swiss Albino male mice
were given daily gavages doses of encapsulated orange
o1l. The dose was 1/10 of LD, (LD,, = 5600 mg/ kg body
weight) which was dissolved inl0 ml water. The dose
was applied 5 days per week for 30 days. The Standard
Balanced Diet used in Animals House of the National
Research Center was consisted of (g/100g) casein
15 g/100g, starch 43.7 g/100g, sucrose 21.8 g/100g, fat
15 g/100g, vitamin mixture 3.5 g/100g and salt mixture
1 g/100g according to Vrana et al. [10] and water were
available ad. libitum.
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A-Biological Evaluation: Blood samples were taken
from mice after 30 days. The blood samples were
collected from the eye plexuses by a fin capillary
glass tubes according to the method described by
Schemer [11]. The collected bloed samples were put mnto
a dry clean glass tubes without anti coagulant to prepare
serum sample. Blood was left for 15 minutes at room
temperature to coagulate by itself then the tubes were
centrifuged at 3000 rpm for 10 minutes. The clean
supernatant serum was kept at -20°C to determine
blood constituents as serum total cholesterol, glucose,
kidney function (creatinine) and liver function enzymes
(AST and ALT ).

Estimation of Serum Glucose: The glucose content was
determined according to the methods of Trinder [12]
Barham and Trinder [13].

Cholesterol: The
determination of cholesterol was carried out according to
the method of Richmond [14].

Estimation of Serum Total

Estimation of Alt Activity: (Alanine aminotransferase)
The determination of ALT was carried out according to
Reitman and Frankel [15].

Estimation of Ast Activity: (Aspartate ammotransferase)
The determination of AST was carried out according to
Reitman and Frankel [15].

Estimation of Serum Creatinine: Creatinine was

kinetically determined according to Houot [16].

Table 1: Physicochemical characterization of Orange peel cold pressed oil

RESULTS AND DISCUSSION

Physicochemical Characteristics of Orange Peel Oil:
The physicochemical characteristics of an essential o1l 15
closely related to its idemtity and quality .Thus, the
physicochemical properties of orange peel o1l used in this
study were estimated and the obtained results are shown
in table (1).

From the results of physicochemical characteristics
of orange peel oil, tabulated in Table (1), it could be
noticed that the orange oil used in the present study was
matching with the B. P. [17]

Chemical Composition of Cold Pressed Orange Peel Oil:
The chemical composition of cold pressed orange peel oil
before and after encapsulation with gum Arabic was
identified. The identified components are tabulated in
Table (2)

The data of Table (2) showed that the major
component cold pressed orange peel oil is d-limonene
(95.92%). Some data showed that the monoterpene
hydrocarbons representing 99.20% of the identified oil
components, while the oxygenated components (5
components) representing 0.8% of the identified oil
components. Shaw [19] mentioned that d-limonene of
orange peel o1l ranged between 83-97%.

Properties of Encapsulated Orange Oil Powder after
Spray Drying: The properties of encapsulated orange oil
powder after spray drying (total o1l, surface oil, moisture
content and bulk density) we estimated and the obtained
results are shown in Table 3.

Characteristics Parameters Results Reference [17]
Sensory attributes Appearance Liquid Liquid
Color pale Yellow Pale Yellow
Odor Characteristic Characteristic
Physicochemical Refractive Index (20°C) 1.4740 1.472 -1.476

Solubility in ethyl alcohol

Specific gravity (20°C)
Optical Rotation
(20°C)

Acid value

(mg KOH/100g oil)

Soluble in 7 ml. Soluble at 20°C

90 % ethyl alcohol in 7 parts of ethanol (900¢)

0.8151 mg/ml 0.842- 0.848 weight per ml
+ 08° +94° + 99
1.5 1.9-2.42

(18]
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Table 2: Chemical composition of cold pressed orange o1l before and after encapsulation over gum Arabic

After encapsulation

Peak Mo RET Iajor component Before encapsulation % fresh Ga Change %
1 055 o - pihene 0.59 0.58 n.01
2 074 B - pinene 0.31 0.27 0.04
3 a1 Camphene 0.21 0.18 0.03
4 085 Myrcene 1.96 1.74 n.22
5 1.00 d-Limonene 95.92 39.8 6.12
1] 1.01 Cineole 0.23 0.20 0.03
% 1.26 v- Terpiniene 0.03 0.0z 0.01
g 1.29 P- cymene 0.18 0.16 n.0z
9 247 Linaool 15357 1.37 0.9z
10 319 Nera 0.05 2.06 2.01
11 3.22 o - Terpineol 0.05 1.04 099
12 339 Geranial 0.05 2.44 2.39
Total nxygenated compound 0.8 7.1 6.3
Total non oxygenated compound 99.20 92.89 -6.3
G ardhic gum
RET: is the relative retention time of d-limonene (7.916 min) was used as standard retention time equa one
Tahble 3. Properties of encapsulated orange oil powder after spray drving (Total oil, Surface oil, Moisture content and Bulle density)
Carrier Starting Total oil remainder Surface oil Moisture Bulk densty
materia {g oil) {z 0il/100g Powder) Retention %6 (g 0il/100g Powder) Content %% {gfml)
GA 20 17.3 89 0.9 4.6 0.46
Gy gum Arabic

Microcapsules External Morphology: The poor retention
showed by some encapsulate agents is often attributed to
their poor film - forming abilities. One reason for using
Scanning electron microscopy (SEM) in the research of
microencapsulation is the need to determine the
encapsulating ability of the various polymers. Indication
of this ability iz given by the degree of integrity and
porosity of the microcapsules [20]. The morphology of
spray dried orange oil microcapsules over gum Arabic as
revealed by SEM are given in Figure (1).

Figure (1) shows a typical sample of gum arabic
microcapsules. These are spherical bodies with outer
surfaces free of cracks and pores. The only defects are
dents due to shrinkage of the droplets during the early
stages of the drying process. These data are confirmed
with those given by Greenwald[21].

HAN-WDI RSO0

Gum Arabic

Fig. 1: Physical structure of gum Arabic encapsulated

orange peel oil powder

Arabic gum (GA) showed 89% retention oil and 4.6%
moisture contents. In addition, the surface oil content was
0.9 goil /100g powder. Moreover, the bulk density results
were ranged between 0.42-0.55 mg/ml

The Biological Effect of Encapsulated Orange Peel Oil:
The following experiment was conducted to check the
safety of encapsulated orange oil for use in human diet.
Thus, the changes pathological
parameters i.e. AST, ALT, glucose, cholesterol and

in some clinical
creatinine in blood of five weeks mice, were measured
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Table 4: Changes in clinical pathology parameters of mice given daily gavage of encapsulated orange oil

Group AST UL ALT UL Ghicose mg/dl Cholesterol mg/dl Creatinine mg/dl*
Control 25.0£2.0¢ 35300 165.0£1.0¢ 116.0£1.0¢ 0.8+£0.02*
Orange oil 26.0+1.3* 37.75+5.51¢% 155.0£3. 507 120.0+3.90 1.06+0.04°
Normal range <30- 40 <30- 40 80-160 90-170 0.3-0.8
Reference [22] [22] [23] [23] [23]

Means at the same colurmnn with different superscripts are significantly different at p<0.05

* means P<0.002

SEM (Standard error of mean)

Values are expressed as means + S.E

after one month (5 days Aweek) of daily gavage of CONCLUSION

encapsulated orange oil at a dose of 5600/kg body weight
compared with control group. The obtained results are
shown in Table (4).

The data in Table (4) (shows that daily gavage of
encapsulated orange oil for 30 days did not significantly
affect liver function, since no significant changes were
detected in AST and ALT before and after feeding on
orange oil .In addition, glucose and cholesterol followed
the same above mentioned trend, as the changes m both
after feeding orange oil were not significant. On the other
hand, creatimine content (mg/dl) was sigmficantly
(p=10.002) increased from 0.8 (in control) to 1.06 mg/dl after
feeding on orange o1l.

NTP [24] wnvestigated the toxicity of d-limonene
(=99% pure) at doses ranged from 413 to 6600 mg/kg, daily
administered to rats and mice five days/week for three
weeks. No signs of compound-related toxicity were noted
at doses <1650 mg/kg daily [24, 25]

D-limonene, the major component of orange peel oil,
is considered to have fairly low toxicity. It has been tested
for carcinogenicity in mice and rats. Although initial
results showed that d-limonene increased the incidence of
renal tubular tumors 1 male rats, female rats and mice 1n
both genders showed no evidence of any tumor.
Subsequent studies have determined how these tumors
occur and established that d-limonene does not pose a

mutagenic, carcinogenic, or nephrotoxic risk to humans.

In humeans, d-limonene has demonstrated low toxicity after
single and repeated dosing for up to one year [26].

Gould [27] mentioned that number of dietary
monoterpenes has antitumor activity, exhibiting not only
the ability to prevent the formation or progression of
cancer, but to regress existing malignant tumors.
Limonene has well-established chemopreventive activity
against many cancer types.

Moreover, Tisserand [28] classified the toxicity of
orange peel o1l as belonged to group D. Group D
characterized non- toxic materials (LD, >5g /kg body
weigh
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The orange o1l used m the present study was
matching with the values recorded in the British
Pharmacopoeia, 2007.

Properties of encapsulated orange oil powder
(total o1l remainder, surface oil content, moisture
content and bulk density) were measured. Arabic
gum (GA) showed 89% retention oil and 4.6%
moisture contents. In addition, the surface o1l
content was 0.9 g oil /100g powder. Moreover,
the bulk density results were ranged between
0.42-0.55 mg/ml.

Gum arabic microcapsules are spherical bodies
with outer surfaces free of cracks and pores. The
only defects are dents due to shrinkage of the
droplets during the early stages of the drying
process

The data showed that feeding of mouse m diet
containing encapsulated orange oil did not
significantly affected liver function, since no
significant changes were detected in AST and ALT
before and after feeding on orange oil diet. In
addition, glucose and cholesterol followed the same
above mentioned trend, as the changes in both after
feeding orange o1l were not significant. On the other
hand,creatimne content (mg/dl) was sigmficantly
increased from 0.8 (in control) to 1.06 mg/dl after
feeding on orange oil. These results prove the
complete safety of using encapsulated orange oil in
human diet. Further studies are essential to detect the
actual effect on renal parameters.
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