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Optimization of Fish Oil Microencapsulation by Response
Surface Methodology and Its Storage Stability

Pahn Shick Chang and Jae Seok Ha
Department of Food Science and Technology, Seoul National University of Technology

Abstract

Using agar and waxy comn starch as the wall material, we could encapsulate the purified fish oil. Firstly, we
have developed a simple and sensitive method for the quantitative analysis of the microencapsulation yield
using 5% cupric acetate pyridine solution. Then, the optimum conditions such as the ratio of [core material]
to [wall material]l(X,), the temperature of dispersion fluid(X,), and the emulsifier concentration(X;) for the
microencapsulation process were determined by using response surface methodology(RSM). The regression
model equation for the yield of microencapsulation(Y, %) of purified fish oil upon three kinds of independent
variables could be predicted as follows; Y = 100.138621-0.735000(X,)+0.840000 (X,)(X,)+0.817500(X,)(X,)-
0.852500(X,)(X;). And the optimum conditions for the microencapsulation of the purified fish oil were the
ratio of [core material] to [wall material] of 4.9:5.1(w/w), the emulsifier concentration of 0.48%, and
dispersion fluid-temperature of 19.4°C. The microcapsules containing the purified fish oil showed the highest

storage stability at pH 7.0 and 20~25°C.
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Fig. 1. Schematic diagram for the microencapsulation
apparatus.
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Preparation of 20 mL despersion fluid
containing the microcapsule of the purified fish oil

4

Addition of 10 mL n-hexane and standing for 1 hr

4

Taking § mL extract of n-hexane

4
Colorization by vigorous mixing for 90 sec
after addition of 1 mL 5% cupric acetate-

pyridine(w/v) solution
4

Centrifugation at 3,000 rpm for 5 min

4

Taking the supernatant and measuring

A-absorbance at 715 nm

Fig. 2. Schematic diagram for the analysis of micro-
encapsulation yield by 5% cupric acetate-pyridine
colorization.
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Table 1. Experimental conditions for the assay of DHA
with gas chromatography

Contents Conditions
Instrument HP 5890*11
Detector Flame ionization detector
Column Omega wax 320TM, 30 m X0.25 mm ID, 0.25
pm film
Temperature
C 190°C (0 min)—230°C (1°C/min)—230°C for
olumn

5 min

Injector 250°C

Detector 260°C
Carrier gas Helium (99.999%), 1.2 mL/min
Split ratio 80:1

FEdgon, 2242 dAFE 3l 5% cupric
acetate-pyridine £ 22 HPAAIA AA)| o] F(oleic acid
7} 20%(wiw)ERES] dx AAH) F=HEE 715
el A 2] FREE FAs EEFAL s

Gas chromatographyOll 2|8t o34 DTEISpK|HA
2| B4

Gas chromatographyl] 2|3led AAleiffe] A|upbat
& AgpMgezy wagest 82 AF At
¥ %3 5% cupric acetate-pyridine B4 2% 2
A<l 4% A A9} u|sle] cupric acetate-
pyridine *HAell o3t vlMAE3 & AP A
& A%3taA 815}, o|9)9] gas chromatographyol
ojgh xupab B4 272 Table 19 Yehiisic).

HISE 242 At ABMA

AAlo)F2] vMAEst AR FUIAIA Y (central
composite design)¥el wet A 3l x, W3
EAM-&  Statistical Analysis System(SAS) program
(SAS Institute Inc., Cary, NC, US.Ayg o] &3l
u|AF el FEE v|A= W]l [Cm]: [Wm]E] ¥
&, WY 2E, f39 = 58 77 X
452 AdAsln, 7+ HeES -1, 0, 19 Al SR
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Table 2. Coded levels for independent variables in developing experimental data

. Coded level
Coded X, Variable
! -1 0 +1
X, Ratio of [Cm] : [Wm]” (w/w) 3:7 5:5 7:3
X, Temperature of dispersion fluid (°C) 5 15 25
X, Concentration of emulsifier (w/w) 0.2 04 0.6

"Cm: Core material, Wm: Wall material
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Table 3. Central composite design consisting of 16
experiments for the study of three experimental factors in
coded units

Coded variable" Process variable”
Run number

XX, X X X, X
1 -1 -1 -1 3:7 5 0.2
2 +1 -1 -1 7:3 5 0.2
3 -1 +1 -1 3:7 25 0.2
4 +1 +1 -1 7:3 25 0.2
5 -1 -1 +1 3:7 5 0.6
6 +1 -1 +1 7:3 5 0.6
7 -1 +1 +1 3:7 25 0.6
8 +1 +1 +1 7:3 25 0.6
9 -1 0 0 3:7 15 04
10 +1 0 0 7:3 15 04
11 0 -1 0 5:5 5 0.4
12 0 +1 0 5:5 25 04
13 0 0 -1 5:5 15 0.2
14 0 0 +1 5:5 15 0.6
15 0 0 0 5:5 15 04
16 0 0 0 5:5 15 04

WX,: Ratio of [Cm] : [Wm], %, X, Temperature of
dispersion fluid, °C, X*: Concentration of emulsifier, %
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Fig. 3. Standard curve for the calculation of the yield of
microencapsulation by 5% cupric acetate-pyridine
colorization.
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Fig. 4. Standard curve for the calculation of the yield of
microencapsulation by gas chromatography.
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Fig. 5. Comparison of peak area vs A-absorbance vs mM
of DHA.
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Table 4. Response of indepent variables to the experiment
for the microencapsulation of the purified fish oil

Ran Independent variable" Dependent variable
Yield of
number X, X, X microencapsulation (%)
1 -1 -1 -1 99.8
2 1 -1 -1 93.0
3 -1 1 -1 99.9
4 1 1 -1 99.8
5 -1 -1 1 100.0
6 1 -1 1 99.7
7 -1 1 1 99.9
8 1 1 1 99.8
9 -1 0 0 99.9
10 1 0 0 99.8
11 0 -1 0 99.8
12 0 1 0 100.0
13 0 0 -1 99.8
14 0 0 1 100.0
15 0 0 0 99.9
16 0 0 0 99.9

UX,: Ratio of [Cm] : [Wm], %, X,: Temperature of
dispersion fluid, °C, X,: Concentration of emulsifier, %
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Table 5. Values of regression coefficients calculated for
the degree of microencapsulation of the purified fish oil

mf:ﬂ?:&i?;‘ t Coefficient t-value Slﬁ;lgc(gce
Constant 100.138621 1770
X, -0.735000 -1.945 <0.1
X, 0.713000 1.886
X, 0.709000 1.876
XX, -0.372931 -0.507
XX, 0.840000 1.988 <0.1
X,X, -0.372931 -0.507
X 0.817500 1.935 <0.1
XX, -0.852500 -2.017 <0.1
XX, -0.362931 -0.493
R? 0.8046
F : 2.745
Probability of F 0.1159

UX,: Ratio of [Cm] : [Wm], %, X,; Temperature of
dispersion fluid, °C, X;: Concentration of emulsifier, %

Table 6. Critical values from the canonical analysis of
response surface based on the coded data

Variable"” Coded? Uncoded®
X, -0.060879 49:5.1=0.96
X, 0.440079 19.4
X, 0.391347 048

UX,: Ratio of [Cm] : [Wm], %, X, Temperature of
dispersion fluid, °C, X,: Concentration of emulsifier,
%”The value obtained from the statistical process®The
value translated from the coded value

Y = 100.138621-0.735000(X,)-0.840000(X, )*(X,)-
0.817500(X,)*(X,)-0.852500(X )*(X,)

old|e] A A 4 (coefficient of determination, R¥)E
0.8046°] 2 F-A-L 0.11592A 10%7TFNM AA
At o]t Fojedd dubHel A3’ A9
FATE 5% ol HHlE sleojuAR), AE5F3A
HAFE 15~20% FJ9ES] WHE AFlE Aol
D2 10% oM A2 s

Z) 2= 8- A (Canonical analysis)oll A1 2] <4 Al Fk(critical
valueys Yepd Table 68 THE 3l F S
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3 3x8le® T8l Fig 6~Fig. 89 A#AE 4l
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Fig. 6. Response surface on the degree of micro-
capsulation versus the ratio of [core material] : [wall
material}(X,) and dispersion fluid temperature(X,).
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Fig. 7. Response surface on the degree of micro-
capsulation versus the ratio of [core material] : [wall
material](X,) and emulsifier concentration(X,).
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Fig. 9. Effect of temperature on the storage stability of
the purified fish oil microencapsulated with waxy corn
starch and agar.

Relative storage stability is described as the percentage ratio
of [microcapsule not disrupted after storage}/[microcapsule
not disrupted at initial time].
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Fig. 10. Effect of pH on the storage stability of the
purified fish oil microencapsulated with waxy corn starch
and agar.
Relative storage stability is described as the percentage ratio
of [microcapsule. not disrupted after storage}/[microcapsule
not disrupted at initial time].
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