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1. DHA: Docosahexaenoic Acid, C22:6 n-3
2. EPA: Eicosapentaenoic acid, C20:5 n-3
3. Encapsulation
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Table 1 Levels of experimental variables for omega-3 nano-encapsulation

Variable Symbol Coded levels
+1 0 -1
Fish gelatin (%) A 66 49.5 33
Omega 3 fatty acids (%) B 30 20 10
homogenizer speed (rpm) C 20000 15000 10000

Table 2 Experimental design of nano-encapsulation of Omega-3 fatty acids with fish Gelatin and
Arabic gum as wall materials using the coacervation technique

Treatment Fish gelatin (%) Omega 3 fatty acids (%) Homogenizer speed (rpm)
1 66 10 10000
2 66 10 20000
3 33 30 10000
4 49.5 20 15000
5 49.5 10 15000
6 33 10 10000
7 66 20 15000
8 49.5 20 20000
9 66 30 20000
10 33 20 15000
11 49.5 20 15000
12 66 30 10000
13 49.5 20 15000
14 49.5 20 10000
15 33 30 20000
16 49.5 20 15000
17 33 10 20000
18 49.5 30 15000
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Table 3 Moisture content of freeze-dried nano-encapsulated omega-3 fatty acids using the

coacervation technique

Treatment Fish gelatin (%) Omega 3 fatty acids (%) Homogenizer speed (rpm) Moisture (%)
1 66 10 10000 6.6
2 66 10 20000 7.3
3 33 30 10000 6
4 49.5 20 15000 6.6
5 49.5 10 15000 7
6 33 10 10000
7 66 20 15000 7.3
8 49.5 20 20000 4.6
9 66 30 20000 6
10 33 20 15000 4.6
11 49.5 20 15000 6.2
12 66 30 10000
13 49.5 20 15000
14 49.5 20 10000 7.3
15 33 30 20000 4.2
16 49.5 20 15000
17 33 10 20000
18 49.5 30 15000 4.6

Table 4 ANOVA results of moisture response of freeze-dried nano-encapsulated omega-3 fatty acids
using the coacervation technique

Source of

average of

sum of squares  freedom degree F Value p-value Prob >F
change squares
Regression
f/lodel 12.70 3 4.23 9.63 0.0010%*
A 5.48 1 5.48 12.46 0.0033*
B 2.60 1 2.60 5.92 0.0290**
C 4.62 1 4.62 10.52 0.0059*
Remaining 6.16 14 0.44
Lack of fit 5.92 11 0.54 6.72 0.0717"°
Net error 0.24 3 0.080
Cor Total 18.86 17

Significant at confidence level of 99%, ** significant at confidence level of 95%, NS is shown to be
insignificant.
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Fig 1 Three-dimensional graph (A) and single-
factor effect (B) of input variables on the
moisture content of nano-capsules.
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Table 5 Color parameters of freeze-dried nanocapsules of Omega-3 fatty acids with fish gelatin and
Arabic gum as wall materials produced by coacervation technique

E3 E3

Treatment Fish gelatin Omega 3 fatty acids Homogenizer speed L a* b
(%) (%) (rpm)

1 66 10 10000 77 -1.2 29.4
2 66 10 20000 81.2 -3.4 33.2
3 33 30 10000 82 -2.8 27.8
4 49.5 20 15000 81.6 -1.4 32.6
5 49.5 10 15000 80.2 -2.2 32.2
6 33 10 10000 83.8 -3 25.4
7 66 20 15000 81 -3.4 34.6
8 49.5 20 20000 83.8 -4 28

9 o 30 20000 80.8 -3.8 32.2
10 B 20 15000 82.2 -3 30.6
11 49.5 20 15000 80.4 -3.8 31.8
12 66 30 10000 81.4 -4.6 33.2
13 49.5 20 15000 82.6 -4.4 29.4
14 49.5 20 10000 83 -4.6 30

15 33 30 20000 85.2 -6.4 29.4
16 49.5 20 15000 81.8 -3.2 27.8
17 33 10 20000 84.8 -3.8 29.6
18 49.5 30 15000 82.2 -3.6 32.6

Table 6 ANOVA results of lightness response (L *) of freeze-dried nano-encapsulated omega-3
fatty acids using the coacervation technique

[ Downloaded from fsct.modares.ac.ir on 2025-07-16 ]

Source of Sum of squares Degree of Average of F-value p-value Prob > F
change freedom squares
Regression 37.07 3 12.36 7.42 0.0033*
Model
A 27.56 1 27.56 16.55 0.0012*
B 2.12 1 2.12 1.27 0.2786 "
C 7.40 1 7.40 4.44 0.0536"°
Remaining 23.32 14 1.67
Lack of fit 20.84 11 1.89 2.29 0.2687™°
Net error 2.48 3 0.83
Cor Total 60.38 17
*Significant at confidence level of 99%, ** significant at confidence level of 95%, NS is shown to be
insignificant.
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Fig 2Three-dimensional graph (A) and single
factor (B) of the input variables on the
brightness index (L *) of the freeze-dried nano-
encapsulated omega-3 fatty acids using the
coacervation technique
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Table 7 ANOVA results of yellowness index (b*) of freeze-dried nano-encapsulated omega-3
fatty acids using the coacervation technique

Source of change ~ Sum of squares ]%regree of Average of F-value p-value Prob >F
eedom squares

Regression Model 46.48 3 15.49 4.11 0.0275%*

A 39.20 1 39.20 10.41 0.0061*

B 2.92 1 2.92 0.77 0.3937™

C 4.36 1 4.36 1.16 0.3003 ™
Remaining 52.71 14 3.76

Lack of fit 38.15 11 3.47 0.71 0.7052™°
Net error 14.56 3 4.85

Cor Total 99.18 17

*Significant at confidence level of 99%, ** significant at confidence level of 95%, NS is shown to be
insignificant.
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Fig 3 Scanning Electronic Microscopy (SEM)
results of freeze-dried nano- encapsulated omega-3
fatty acids using the coacervation technique
[A: Treatment 7 (fish gelatin 66%, fish oil 20%,
homogenizer speed 15000 rpm; B: Treatment 9
(fish gelatin 66%, fish oil 30% homogenizer
speed 20000 rpm), C: Treatment 11(fish gelatin
49.5%, fish oil 20% homogenizer
speed 15000 rpm)]
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In this study, nano-encapsulation of fish oil Omega 3 fatty acids was optimized by using response
surface methodology (RSM) in the central composite design (CCD). Omega-3 nano-particles,
containing fish gelatin and Arabic gum as wall materials, were produced using coacervation
technique. Based on the results of three independent variables as fish gelatin concentration (33-
66%),the concentration of omega-3 (10-30%) and the homogenizer speed at three levels (10000,
15000 and 20000 rpm) on the dependent variables such as moisture, color parameters and
microstructure, it was revealed that the homogenizer speed had the greatest impact on the particle size
(p<0.05). Morphology of powders showed that the produced powders had a relatively smooth and
brittle surface and porosity was observed in case of some samples.Furthermore, moisture content of
nanocapsules which were dried by freeze drying was in the range of 4.2%-7.3%. The most important
factors that influence the moisture was found to be the gelatin concentration, as by increasing the
concentrations of fish gelatin, the moisture of nanocapsules increased. According to color indices, fish
gelatin concentration had the greatest impact on the rate of Lightness (L *) of produced powders, as by
increasing of fish gelatin concentrations, the lightness of nanocapsules decreased whereas the
yellowness (b*) increased.

Keywords: Omega-3, Color, microstructure, Fish gelatin, Coacervation,
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