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ABSTRACT

water. In the next step, an ultrasound generator was usedwith an intensity of 24 kHz for 120 seconds to prepare nano-

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 

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. 

properties and their concentrationsaffecting droplet size and morphology ofmicrocapsules.
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Fish oil is inherently functional and possesses many 
components that are good for human health. There is 

diet due to the many associated health of omega-3 

fatty acids [1]. Encapsulation has been used to mask 
unpleasant taste in food sciences as well as to protect 

technology, small solid particle, liquid or gaseous as 
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1. INTRODUCTION
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core materials are packaged within wall materials to 
form microcapsules [3].

-
als studied were Pectin, Sodium alginate and chitosan 

starch and whey protein were used as wall material by 

and Casein combined with Inulin were used as the 
wall material. A casein micelle is, in effect, a natural 

-
polysaccharides consisting of a chain of fructose mol-
ecules. It is a polymer of β
units, constituting chains of different lengths each  of 
them with a terminal glucose unit [10].

two different type of wall material (Casein and Inulin)
on microcapsule morphology and properties of nano-
emulsion.

2. MATERIALS AND METHODS

2.1. Materials
-

ents, Brisbane, Australia) was used as the core materi-
al (ρ 3, η
wall material was Casein and Inulin. Casein (Casein 
soluble in alkali with bulk density 450 kg/m3 and solu-

-
pany and Inulin was obtained from Sigma Chemical 

-

used for the preparation of all solution.

2.2. Methods
2.2.1. Preparation of emulsions
All emulsion produced in two stages. In pre-emul-
sion, Casein with various concentrations (5,10,15,
20 g/100g) and Inulin (5, 10, 15, 20 g/ 100g) con-
centration were solved in distilled water with heat-

added to the pre-emulsion. The solution was placed in 

2.2.2. Particle size determination
The mean particle size and the size distribution of 
the nano-emulsions were measured by dynamic light 

(German). The nano-emulsion was diluted 40-fold in 
deionized water before measurement.

2.2.3. pH determination
The pH Measurement bypHmeter (Swiss, Metrohm 

2.2.4. Spray-drying
The emulsions prepared were spray dried with a labo-

Switzerland) equipped with 0.7 mm diameter nozzle. 
Spray drying conditions were similar for all samples. 

600(l/h), 2(mL/min) and 100%, respectively. The inlet 

and 65 ±
were collected from the collecting chamber and 

-
ysis.

2.2.5. Scanning electron microscopy of encapsulated 
powders
Themorphology were evaluated with a scanning elec-
tron microscope (Model TESCAN//VEGA, England). 
The samples were placed on the SEM stubs using a 
two-sided adhesive tape. The specimens were subse-
quently coated with a thin layer of gold using a mag-
netron sputter coater (Model Emitech, England).

2.2.6. Statistical design
The independent variables were the ratio of core ma-
terial to coating material (1:5; 2:5) and the concentra-
tion of wall material [Casein, Inulin]. Statistical de-
signs 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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3. RESULTS AND DISCUSSION

3.1. pHofNano-emulsion
According to the Table (2), the results show that the-
kindand concentration of combination of Casein and 

(p<0.05) on the pH of nano-emulsions.

kind of wall material, when nano-emulsion was pre-
pared at 20%wt inulin had the least pH of nano-emul-
sion on the other hand pH of Nano-emulsion had in-

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 of-
combination of Case in and Inulin have very signif-

Figure (2) shows that the sample which contains 20% 

Formulation Casein (%) Inulin (%) Fish oil (%)
F1 0 20 4 1 75
F2 20 0 4 1 75
F3 10 10 4 1 75
F4 15 5 4 1 75
F5 5 15 4 1 75
F6 0 20 1 71
F7 20 0 1 71
F 10 10 1 71
F 15 5 1 71
F10 5 15 1 71

Table 1:

Nano emulsion

F1
b

F2 5.756 ± 0.60a

F3 5.773±0.011a

F4
a

F5
a

F6
a

F7 4.520±0.070b

F 5.750±0.070a

F a

F10
a

Table 2: pH nano-emulsion of casein at various con-
centration (5, 10, 15 and 20%wt) mixed with inulin 5, 

-
ues in the same column shown with similar letters are 

Figure 1:
concentration on the pH of nano-emulsion.
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higher pH from it is Isoelectric point change between 

the shared level of oil and water, it creates repulsion of 
electrostatic and also space prevent that avoids water 
closing each other [12].

the Figure (3) that between the pH and the size of 

(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 emul-

study reducing of the pH from neutral to acidic caused 
increasing the size distribution of emulsion droplet 
[12].

The size distribution of emulsion depends onsever-

pH [13]. So we investigate these items. Some agents 

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 

Nano emulsion Size of nano emulsion 

F1
a

F2
cd

F3
bc

F4
ab

F5 111.100±5.707bcd

F6 115.100±4.371bcd

F7
d

F cd

F cd

F10
bcd

Figure 2: 
concentrationon the size of nano-emulsion.

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

of the emulsion.

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

drops belong to sample that contain 20% case in and 

sample had the most pH so these results shows that 

is increased.

3.3. Morphology and structure of microcapsules of 

The SEM images (Figure 4) show that microcapsules 
containing 20% case in have much less shrinkage and 

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 microen-
capsulated powders. Casein combined with high lev-
els of inulin particles produces particles with rough 

surfaces, but combined with low doses of inulin had 
no tangible impact, though the uniformity of micro-
capsule sizeswas affected. It showed the slower rate of 

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

The study revealed that ultrasonic waves can be used 

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 small-
est particle size was related to the sample containing 

size was related to the sample containing 20% inulin 

-
sein) 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 

the pH and the emulsion droplet size as by increasing 
pH the emulsion droplet size was reduced.

REFERENCES

E., Pedroza R., Am. J. Food Technol., 6

Food Res. Int., 41
3. Loksuwan J., Food Hydrocolloid, 21

Eur. Food Res Tech-
nol., 222 (2006), 336.

Figure 5: -

cally the pores formed, which could explain the relatively 

powder containing 20% Inulin.



Int. J. Bio-Inorg. Hybd. Nanomat., Vol. 2, No. 4 (2013), 485-490                   Hashemiravan M et al

Food Hydrocolloid, 18 (2004),

Korean J. Food Sci. 
Technol., 32 (2000), 132.

7. Klinkesorn U., Sophanodora P., Chinachoti P., 
Food Hydro-

colloid, 19 (2005), 1044.

Ann. Fac. Medic., 21

Food Hydrocolloid, 21

Petrovsky N., J. Exc. Food Chem., 1 (2010), 27.
Dairy Science and Technology 

Handbook, VCH Publisher; Eurika, California, 
USA.

 Food 
Hydrocolloid, 16 (2003), 153.

Langmuir,
1 (2002), 26.


