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ABSTRACT
9DULRXVFRPSRXQGVKDYHEHHQXVHGIRUPLFURHQFDSVXODWLQJRI¿VKRLOVRIDUEXWLQWKLVZRUNIRUWKH¿UVWWLPHLQXOLQDQG
FDVHLQZKLFKDUHERWKNQRZQIRUWKHLUIXQFWLRQDOSURSHUWLHVZHUHXVHGDVWKHFRDWLQJPDWHULDORI¿VKRLO0LFURHQFDSVXODWLRQ
RI¿VKRLOZDVGRQHLQVWHSV)LUVWWKHZDOOZLWKGLIIHUHQWFRQFHQWUDWLRQVRILQXOLQDQGFDVHLQZHUHPL[HGZLWKGLVWLOOHG
water. In the next step, an ultrasound generator was usedwith an intensity of 24 kHz for 120 seconds to prepare nanoHPXOVLRQV DQG ¿QDOO\ WKH HPXOVLRQV ZHUH FRQYHUWHG LQWR SRZGHU LQ D ODEVFDOH VSUD\ GU\HU 7KH HPXOVLRQ S+ ZDV
measured and emulsion droplet size was examined by a particle size analyzer. The microstructures of the powders were
analyzed by scanning electron microscopy (SEM). The results showed that the type and concentration of the compounds
used as the wallare effective on the properties of nano-emulsion. Comparing the two compounds and their concentrations
GHPRQVWUDWHGWKDWFDVHLQKDVPRUHGHVLUDEOHSURSHUWLHVDVLIWKHORZHVWVL]HRIQPFRUUHVSRQGVWRWKHWUHDWPHQW
ZLWKFDVHLQ0RUHRYHUDVLJQL¿FDQWQHJDWLYHFRUUHODWLRQZDVREVHUYHGEHWZHHQWKHVL]HDQGS+RIWKHQDQRVL]H
HPXOVLRQRI¿VKRLO7KHFRPSDULVRQEHWZHHQ ZZ DQG ZZ ¿VKRLOVKRZHGWKDWE\LQFUHDVLQJWKHUDWLRRIFRUH
WRZDOOIURPWRWKHVL]HRIQDQRHPXOVLRQVLJQL¿FDQWO\UHGXFHG S 0LFURHQFDSVXODWHGSDUWLFOHVFRQWDLQLQJ
higher concentrations of casein showed much less wrinkle and depression compared to the samples containing higher
concentrations of inulin, because of the smaller size of the nano-emulsions containing higher concentrations of casein.
,QWKLVVWXG\WKHHPXOVLRQGURSOHWVL]HZDVDWWKHQDQRVFDOHDQGWKHLPDJHVVKRZHGWKHVLJQL¿FDQFHRIZDOOPDWHULDO
properties and their concentrationsaffecting droplet size and morphology ofmicrocapsules.
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1. INTRODUCTION
Fish oil is inherently functional and possesses many
components that are good for human health. There is
DQ LQWHUHVW LQ LQFUHDVLQJ WKH DPRXQW RI ¿VK RLO LQ WKH
diet due to the many associated health of omega-3
(*) Corresponding Author - e-mail: m_hashemiravan@yahoo.com.

fatty acids [1]. Encapsulation has been used to mask
unpleasant taste in food sciences as well as to protect
DJDLQVWOLJKWDQGDLUERUQHR[LGDWLRQ>@,WLVDFRDWLQJ
technology, small solid particle, liquid or gaseous as
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core materials are packaged within wall materials to
form microcapsules [3].
6HYHUDOVKHOORUPDWUL[PDWHULDOVKDYHEHHQWHVWHGIRU
¿VKRLOHQFDSVXODWLRQ .RODQRZVNLHWDO XVHG
PRGL¿HGFHOOXORVHDVZDOOPDWHULDORWKHUZDOOPDWHULals studied were Pectin, Sodium alginate and chitosan
'LD]5RMDVHWDO VR\EHDQSURWHLQLVRODWH &KR
HW DO   PDOWRGH[WULQFRPELQHG ZLWK PRGL¿HG
starch and whey protein were used as wall material by
-DIDULHWDO >@
,QWKLVVWXG\¿VKRLOZDVXVHGDVWKHFRUHPDWHULDO
and Casein combined with Inulin were used as the
wall material. A casein micelle is, in effect, a natural
QDQRGHOLYHU\ V\VWHP > @ ,QXOLQ LV D 1RQVWDUFKpolysaccharides consisting of a chain of fructose molecules. It is a polymer of β ĺ OLQNHG 'IUXFWRVH
units, constituting chains of different lengths each of
them with a terminal glucose unit [10].
7KHDLPRIWKLVVWXG\ZDVWRDVVHVVWKHLQÀXHQFHRI
two different type of wall material (Casein and Inulin)
on microcapsule morphology and properties of nanoemulsion.

2. MATERIALS AND METHODS
2.1. Materials
,QWKLVVWXG\¿VKRLO +,'+$11XPHJDLQJUHGLents, Brisbane, Australia) was used as the core material (ρ NJP3, η PSDVDW&5,  7KH
wall material was Casein and Inulin. Casein (Casein
soluble in alkali with bulk density 450 kg/m3 and soluELOLW\J/ & ZDVSURYLGHGE\0HUFN&RPpany and Inulin was obtained from Sigma Chemical
&R 6W /RXLVH 0R 86$  7KH HPXOVL¿HU XVHG ZDV
3RO\VRUEDWH 7ZHHQ WKDWZDVVXSSOLHGE\0HUFN&RPSDQ\$QDO\WLFDOJUDGHKH[DQHDQGSURSDQDO
ZHUHSXUFKDVHGIURP0HUFN&RPSDQ\'LVWLOOHGZDWHU
used for the preparation of all solution.
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LQJDQGVWULQJLQDERLOLQJZDWHUEDWKIRUKDW&
7KHQOHIWLWIRUK$IWHUZDUGZHPL[HG¿VKRLO 
JJ FRQFHQWUDWLRQDQGWZHHQ JJ WKHQ
added to the pre-emulsion. The solution was placed in
DVRQLFDWRU PRGHO6PLVRQL[ IRUPLQ
2.2.2. Particle size determination

The mean particle size and the size distribution of
the nano-emulsions were measured by dynamic light
VFDWWHULQJ '/6  XVLQJ 30; & 3DUWLFOH0DWUL[
(German). The nano-emulsion was diluted 40-fold in
deionized water before measurement.
2.2.3. pH determination

The pH Measurement bypHmeter (Swiss, Metrohm
 ZDVFDUULHGRXWLPPHGLDWHO\DIWHUWKHXOWUDVRXQG
2.2.4. Spray-drying

The emulsions prepared were spray dried with a laboUDWRU\VFDOH%XFKLVSUD\GULHU 0LQL6SUD\GULHU%
Switzerland) equipped with 0.7 mm diameter nozzle.
Spray drying conditions were similar for all samples.
7KH DLU ÀRZ UDWH RI IHHGLQJ DQG DVSLUDWLRQ ZHUH
600(l/h), 2(mL/min) and 100%, respectively. The inlet
DQGRXWOHWDLUWHPSHUDWXUHVZHUHPDLQWDLQHGDW&
and 65 ± & 7KH ¿VK RLO HQFDSVXODWHG SRZGHUV
were collected from the collecting chamber and
VWRUHGLQRSDTXHDLUWLJKWFRQWDLQHUVDW&XQWLODQDOysis.
2.2.5. Scanning electron microscopy of encapsulated
powders

Themorphology were evaluated with a scanning electron microscope (Model TESCAN//VEGA, England).
The samples were placed on the SEM stubs using a
two-sided adhesive tape. The specimens were subsequently coated with a thin layer of gold using a magnetron sputter coater (Model Emitech, England).
2.2.6. Statistical design

2.2. Methods
2.2.1. Preparation of emulsions

All emulsion produced in two stages. In pre-emulsion, Casein with various concentrations (5,10,15,
20 g/100g) and Inulin (5, 10, 15, 20 g/ 100g) concentration were solved in distilled water with heat

The independent variables were the ratio of core material to coating material (1:5; 2:5) and the concentration of wall material [Casein, Inulin]. Statistical designs are presented in Table 1.The dependent variables
were the emulsion size, the pH of emulsion and the
size of nano-emulsion.
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Table 1:7KHIRUPXODWLRQVRIHQFDSVXODWHG¿VKRLOSRZGHUV

Formulation
F1

Casein (%)
0

Inulin (%)
20

Fish oil (%)
4

7ZHHQ 
1

'LVWLOOHGZDWHU
75

F2
F3
F4
F5
F6
F7
F
F
F10

20
10
15
5
0
20
10
15
5

0
10
5
15
20
0
10
5
15

4
4
4
4






1
1
1
1
1
1
1
1
1

75
75
75
75
71
71
71
71
71

Table 2: pH nano-emulsion of casein at various concentration (5, 10, 15 and 20%wt) mixed with inulin 5,
DQGZWFRQWDLQLQJDQGZW¿VKRLO9DOues in the same column shown with similar letters are
QRWVLJQL¿FDQWO\GLIIHUHQW

Nano emulsion

S+ PHDQ6'

F1
F2
F3
F4
F5
F6
F7
F
F
F10

b
5.756 ± 0.60a
5.773±0.011a
a
a
a
4.520±0.070b
5.750±0.070a
a
a

3. RESULTS AND DISCUSSION
3.1. pHofNano-emulsion
According to the Table (2), the results show that thekindand concentration of combination of Casein and
,QXOLQKDYHYHU\VLJQL¿FDQWLQÀXHQFHRQS+ S 
EXW LQFUHDVLQJ WKH FRQFHQWUDWLRQ RI¿VK RLOIURP 
WR  VKRZV WKDW WKHUH ZDV QR VLJQL¿FDQW FKDQJH
(p<0.05) on the pH of nano-emulsions.
7KH S+ RI QDQRHPXOVLRQ RI ¿VKRLOLV FKDQJHG E\
kind of wall material, when nano-emulsion was prepared at 20%wt inulin had the least pH of nano-emulsion on the other hand pH of Nano-emulsion had in-

Figure 1:(IIHFWVRI¿VKRLODQGNLQGRIZDOOPDWHULDODQGLWV
concentration on the pH of nano-emulsion.

FUHDVHGVLJQL¿FDQWO\ZKHQLQXOLQPL[HGZLWKFDVHLQ
)LJXUH ,WKDSSHQHGEHFDXVHRIFDVHLQࣲVSURSHUWLHV
that have relatively high electric charged and it is the
result of the presence of phosphate groups bonded to
serine [11].
3.2. Size of nano-emulsion
The results show that thekind and concentration ofcombination of Case in and Inulin have very signifLFDQW LQÀXHQFH RQ VL]H RI QDQRHPXOVLRQ S 
Figure (2) shows that the sample which contains 20%
FDVHLQKDV WKH PRVW S+ S+    ZKLOH LW KDV WKH
OHDVWPHDQVL]HRIHPXOVLRQGURSOHWV QP ,W
LVWKHUHVXOWRIFDVHLQࣲVFKDUDFWHULVWLFVEHFDXVHRQWKH
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Table 3: The mean size of nano-emulsion droplet of
casein at various concentration (5, 10, 15 and 20%wt)
mixed with inulin 5, 10, 15 and 20%wt, containing 4
DQGZW¿VKRLO9DOXHVLQWKHVDPHFROXPQVKRZQ
ZLWKVLPLODUOHWWHUVDUHQRWVLJQL¿FDQWO\GLIIHUHQW

Nano emulsion

Size of nano emulsion
PHDQ6'

F1

a

F2

cd

F3

bc

F4

ab

F5

111.100±5.707bcd

F6

bcd

115.100±4.371

F7

d

F

cd

F

cd

F10

bcd

higher pH from it is Isoelectric point change between
WR&OHDUO\LWGHSHQGVRQWKHNLQGRIWKHFDVHLQ
ࣲV)UDFWLRQV6RZKHQFDVHLQSUHVHQFHLQHPXOVLRQLQ
the shared level of oil and water, it creates repulsion of
electrostatic and also space prevent that avoids water
closing each other [12].
7KHVL]HRIWKHQDQRHPXOVLRQUDQJZDVIURP
WRQPDQGLVOLVWHGLQ7DEOH  ,WVKRZVRQ

Figure 3: Relationship between emulsion size (d43) and pH
of the emulsion.

the Figure (3) that between the pH and the size of
HPXOVLRQGURSOHW KDV QHJDWLYH VLJQL¿FDQW FRUUHODWLRQ
(p<0.01). It means that the size of emulsion droplet
was reduced by pH increasing. It mentioned on the
Table (2) sample contain 20% inulinhad the least pH
value (pH = 4.52) while it has themost size of emulVLRQGURSOHW QP $FFRUGLQJWRUHVHDUFKHUࣲV
study reducing of the pH from neutral to acidic caused
increasing the size distribution of emulsion droplet
[12].
The size distribution of emulsion depends onseverDOIDFWRUVOLNHWKHDPRXQWDQGW\SHRIHPXOVL¿HUVSKDVH
DQGWKHPHWKRGRISURGXFLQJRIHPXOVL¿FDWLRQDQGLWV
pH [13]. So we investigate these items. Some agents

Figure 2: (IIHFWVRI¿VKRLODQGNLQGRIZDOOPDWHULDODQGLWV

Figure 4: Scanning electron microscope (SEM) of encapsu-

concentrationon the size of nano-emulsion.

ODWHG¿VKRLOSRZGHUVSUHSDUHGZLWKFDVHLQ
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surfaces, but combined with low doses of inulin had
no tangible impact, though the uniformity of microcapsule sizeswas affected. It showed the slower rate of
KDUGHQLQJRIWKHZDOOVRIWKHVDPSOHPDWUL[FRQWDLQLQJ
FDVHLQ7KH SLFWXUHV VKRZHG WKH VLJQL¿FDQFH RI ZDOO
material properties and their concentration saffecting
the structure and morphology of microcapsules by the
presence of cracks in the microcapsules containing
greater amounts of inulin.

4. CONCLUSIONS

Figure 5: 6KRZHG WKH SUHVHQFH RI VRPH GHIHFWV VSHFL¿cally the pores formed, which could explain the relatively
KLJKYDOXHVRIVXUIDFHRLOIRXQGLQWKH¿VKRLOHQFDSVXODWHG
powder containing 20% Inulin.

OLNHWKHDPRXQWDQGNLQGRIHPXOVL¿HU KHUHZHXVHG
7ZHHQ DQGSKDVHNLQG RLOLQZDWHU DQGPHWKRG
RI HPXOVL¿FDWLRQ SURGXFWLRQ ZDV WKH VDPH IRU HYHU\
single samples. The only agents that changed was pH,
it is because of kind of wall materials and different
concentration so we use this factor in analyzing the
result. According to results that we mentioned on the
7DEOH   WKH OHDVW DPRXQW RI VL]H RI HPXOVL¿FDWLRQ
drops belong to sample that contain 20% case in and
¿VKRLO)VDPSOHKDGWKHOHDVWS+DQGDOVR)
sample had the most pH so these results shows that
ZKHQS+ LVUHGXFHGWKHVL]HRIHPXOVL¿FDWLRQGURSV
is increased.
3.3. Morphology and structure of microcapsules of
¿VKRLO
The SEM images (Figure 4) show that microcapsules
containing 20% case in have much less shrinkage and
GHSUHVVLRQWKDQWKRVHFRQWDLQLQJLQXOLQ([WHUQDO
structure of the powder particles containing inulin was
porous and has depression and some cracks shown
in Figure 5. Adding Inulin to Casein had a profound
impact on the structure and morphology of microencapsulated powders. Casein combined with high levels of inulin particles produces particles with rough

The study revealed that ultrasonic waves can be used
WR FUXVK GURSOHWV DQG UHGXFH WKHLU VL]H WR WKH H[WHQW
of nano and also energy of the waves can be used to
produce food nano-emulsions and products in which
the particle size as a parameter has an important role
in the product quality. Results showed that the smallest particle size was related to the sample containing
FDVHLQDQG¿VKRLODQGWKHJUHDWHVWSDUWLFOH
size was related to the sample containing 20% inulin
DQG¿VKRLO%\FRPSDULQJWKHVDPSOHVRIDQG
¿VKRLOVWXGLHVVKRZHGWKDWE\LQFUHDVLQJWKHUDWLR
RIFRUH ¿VKRLO WRZDOO FRPELQDWLRQRILQXOLQDQGFDsein) from 1:5 to 2:5, the droplet size as the important
characteristic of nano-emulsion decreased, thus the
product quality improved. The lowest pH belonged
to the treatment containing 20% inulin which was
VLJQL¿FDQWO\ S LQFUHDVHGE\DGGLQJRIFDVHLQ$
QHJDWLYHVLJQL¿FDQWFRUUHODWLRQZDVREVHUYHGEHWZHHQ
the pH and the emulsion droplet size as by increasing
pH the emulsion droplet size was reduced.
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