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Encapsulation of Fish Qil with

Caleium Alginate Gel

Young-Soo Yun

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Encapsulation of fish oil with calcium alginate gel,
physicochemical  characteristics of the capsules and
conditions  for encapsulation were also studied. Also,
oxidative stability of the capsules was studied.

Diameter and membrane thickness of the capsules were
always the same order of magnitude and independent from
the added amount of fish cil. As the amount of fish oil was
increased, the sphericity, rupture strength and deformation
depth of the capsules were decreased. The amount of the
encapsulated fish ol per a capsule increased when the
amount of fish ail increased, but there was no significant
differecnce  when the amount of fish ol was over 40%.
Encapsulation efficiency increased when fish oil increased,

but it decreased when the amount of fish oil was over 30%.



Sphericity of the capsules was most affected by the
rotation speed of alginate solution and the addition ratio of
fish o1l was followed. The optimum condition was the
addition ratio of fish oil of 22%, the flow rate of mixed
solution of 0.060ml/sec, the rotation spced of alginate
solution of 285rpm, and the sphericity was 95%.

The amount of fish oil per a capsule was most affected
by the rotation speed of alginate solution. The statistical
optimum condition was the addition ratio of fish oil of 399,
the flow rate of mixed solution of 0.041ml/sec, the rotation
speed of alginate solution of 286rpm, and the amount of fish
o1l per a capsule was 3.94mg.

Encapsulation efficiency was most affected by the rotation
speed of alginate solution. The statistical optimum condition
was the addition ratio of fish oil of 28%, the flow rate of
mixed solution of 0.067ml/scc, the rotation speed of alginate
solution of 290rpm, and the encapsulation efficiency was 76%.

The encapsulated fish oil in capsules made by single
nozzle was more oxidative than unencapsuled fish oil. But
the encapsulated fish o1l in capsules made by double nozzle
showed more stable for oxidation, and the encapsulated fish
ol in capsules made by double nozzle with antioxidant
showed little oxidation for 4 days at 37°C. The cncapsulated
fish o1l in capsules made by single nozzle with antioxidant

showed more stable than the cncapsulated fish oil in



capsule made by single nozzle, but the encapsulated fish oil
by the single nozzle with antioxidant showed more
oxidative than unencapsulated fish oil. By the way, fish oil
in capsule made by single nozzle with nitrogen gas

treatment showed more stable than unencapsulated fish oil.
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‘LlJ

CaCl, + CMC

Fish Oil

Fig. 1. Simplified schematic diagram for the preparation of
the experimental capsules using single nozzle.
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Fig. 2. Smmplified schematic diagram for the preparation of
the experimental capsules using double nozzle.
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Fig. 3. Diameter of fish oil-capsules as
affected by the addition ratio of fish

otl.
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Sphericity  of fish oil-capsules as
affected by the addition ratio of fish
oil.
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Fig. 8 Fish o1l concentration per a fish
oll-capsule as affected by the
addition ratio of fish oil.
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Fig. 10. Encapsulation efficiency of fish
oll-capsules as affected hy the
addition ratios of fish oil.
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Table

1.

Coded levels for

independent

developing experimental data

variables in

Coded level

Coded X, Variable
-1 0+
X, Plsh ol concentration (W/W) 200 30 40
Xy Flow rate of mixed solution (ml/scc) 0.030 0.050 0.070
X5 Rotation speed of alginate solution (rpm) 260 280 300
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Table 2. Responsc of sphericity on independent variables of

the experiment for the encapsulation of fish oil

Independent variable

Run number X, %, <, Sphericity (%5)
1 -1 -1 -1 02.1
2 -1 1 0 89.2
3 -1 -1 +1 82.0
4 -1 0 -1 54.0
5 -1 0 0 925
6 -1 0 + 1 84.0
7 1 + 1 -1 61.0
8 1 + ] 0 95.8
9 -1 + 1 + 1 &6.0
10 0 1 -1 46.2
11 0 -1 0 31.0
12 0 1 + 1 76.0
13 0 0 1 51.0
14 i 0 0 86.0
15 0 0 + 1 78.0
16 0 + ] -1 54.0
17 0 + 1 0 39.0
18 0 + ] + 1 &50.0
19 + 1 -1 1 38.6
20 + 1 1 0 73.6
21 bl - 1 + 1 69.5
22 + 1 Q 1 46.0
23 + 1 0 0 773
24 + 1 0 + 1 60.0
25 + 1 + 1 -1 41.0
26 + 1 + 1 0 &83.9
27 v ] + ] + 1 71.0
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Table 3. Response of the amount of the encappsulated fish
oll per a cacpsule on independent variables of the

experiment for the encapsulation of fish oil

Independent variable Amount of fish oil per

Run number

X X Xy a capsule (mg)
1 -1 - 1 14
2 -1 -1 0 2.9
3 1 -1 + ] 25
4 1 0 -1 1.1
2 -1 0 0 28
6 1 0 + ] 24
/ R T S 0.9
8 -1 + 1 0 27
9 - 1 1 + 1 2.2
10 0 -1 -] 18
11 0 - 1 0 36
12 0 1 + ] 29
13 0 0 1 15
14 0 0 0 3.4
15 0 0 bl 31
16 0 + 1 1 1.4
17 0 +1 0 273
18 0 + 1 + ] 20
19 + 1 -1 1 29
20 + 1 -1 0 39
21 vl -1 + ] 26
22 o] 0 1 20
23 + 1 0 0 38
24 1 0 1 34
25 bl + 1 1 1.7
26 + 1 + 1 0 37
27 . <1 v 1 33
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Table 4. Response of the encapsulation efficiency on
independent variables of the experiment for the
encapsulation of fish ol

Independent variable

Run number Encapsulation efficiency (°6)
Xl X‘,j VAN
1 -1 1 -1 24
2 1 -1 0 65
3 1 -1 + 1 62
4 -1 0 -1 19
5 1 0 0 70
6 -1 0 + ] 67
7 -1 + 1 -1 16
8 -1 + ] 0 68
9 1 + ] + 1 65
10 0 ] 1 26
11 0 -1 0 63
12 0 1 + ] 65
13 0 0 -1 21
14 0 0 0 74
15 0 0 + 1 69
16 0 + 1 18
17 0 + 1 0 71
18 0 + 1 + 1 68
19 + 1 1 -1 22
20 -1 -1 0 63
21 + 1 -1 + ] 60
22 + ] 0 -1 17
23 + 1 0 0 68
24 ! 0 4] 64
25 + ] + 1 1 14
26 v + ] 0 67
27 + 1 + 1 + ] 63
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