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Optimization of Onion Oil Microencapsulation by
Response Surface Methodology
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Using agar and gelatin as wall materials, onion oil was microencapsulated using the extrusion spraying
technology. A sensitive methodology was developed for quantitative determination of the microencapsulation yield

through ethyl acetate extraction and gas

chromatographic

analyses. Optimal conditions for the

microencapsulation process consisting of the ratio of [core material, Cm] to [wall material, Wm] (X)),
temperature of dispersion fluid (X,), detergent concentration in dispersion fluid (X;), and concentration of
emulsifier (X,) were determined using response surface methodology. The regression model equation for the yield
of microencapsulation (Y, %) of onion oil could be predicted as Y = 97.028571 - 0.775000 (X,) —0.746726 (X)) *
(X)) - 1.100000 (X;) - (X,). The optimal conditions for the microencapsulation of the onion oil were determined
as the ratio of [core material] to [wall material] of 4.5 : 5.5 (w/w), the temperature of dispersion fluid of 17.1°C,
detergent concentration in dispersion fluid of 0.03%, and the concentration of emulsifier of 0.42%. Results
revealed the most stable microcapsule of onion oil could be formed with the highest yield of microencapsulation

(more than 95%) under optimal conditions.
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Fig. 1. Schematic representation for the microencapsulation
apparatus.
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Table 1. Experimental conditions for the analysis of onion oil
by gas chromatography

Contents Conditions
Instrument HP 6890 I
Column HP-101
(25 mX0.32 mm (ID) X 0.30 pm (film))
Detector Flame ionized detector

Injector temperature ~ 200°C
Detector temperature ~ 230°C

Column temperature 70°C (O min) SOC/ml_n) 180°C (22 min)
Holding for 5 min_> 180°C (27 min)

Carrier gas N, gas

Injection volume 1.0uL

Split ratio C1:100
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Table 2. Coded levels for independent variables in developing experimental data

} Coded level
Coded X, Variable
2 -1 0 +1 +2
X, Ratio of [Cm] : [Wm]"(w/w) 3.7 4:6 5:5 6:4 7:3
X, Temperature of dispersion fluid (°C) 0 5 10 15 20
X,  Detergent” concentration in di%persion fluid (%, wiv) 0.00 0.01 0.02 0.03 0.04
X,  Concentration of emulsifier” (%, w/w) 0.3 0.4 0.5 0.6 0.7
Cm: Core material, Wm: Wall material,
IDetergent: tetraglycerol monostearate.
YEmulsifier: sorbitan monolaurate.
Table 3. Central composite design consisting of 31 experiments for the study of four experimental factors in coded units
Coded variable"” Process variable”
Run number
Xl X2 X3 X4 Xl XZ X3 X4
1 -1 -1 -1 -1 4:6 5 0.01 04
2 +1 -1 -1 -1 6:4 5 0.01 04
3 -1 +1 -1 -1 4:6 15 0.0t 04
4 +1 +1 -1 -1 6:4 15 0.01 04
5 -1 -1 +1 -1 4:6 5 0.03 04
6 +1 -1 +1 -1 6:4 5 0.03 04
7 -1 +1 +1 -1 4:6 15 0.03 04
8 +1 +1 +1 -1 6:4 15 0.03 0.4
9 -1 -1 -1 +1 4:6 5 0.01 0.6
10 +1 -1 -1 +1 6:4 5 0.01 0.6
11 -1 +1 -1 +1 4:6 15 0.01 0.6
12 +1 +1 -1 +1 6:4 15 0.01 0.6
13 -1 -1 +1 +1 4:6 5 0.03 0.6
14 +1 -1 +1 +1 6:4 5 0.03 0.6
15 -1 +1 +1 +1 4:6 15 0.03 0.6
16 +1 +1 +1 +1 6:4 15 0.03 0.6
17 2 0 0 0 3:7 10 0.02 05
18 +2 0 0 0 7:3 10 0.02 0.5
19 0 2 0 0 5:5 0 0.02 0.5
20 0 +2 0 0 5:5 20 0.02 0.5
21 0 0 2 0 5:5 10 0.00 0.5
22 0 0 +2 0 5:5 10 0.04 0.5
23 0 0 0 -2 5:5 10 0.02 0.3
24 0 0 0 +2 5:5 10 0.02 0.7
25 0 0 0 0 5:5 10 0.02 0.5
26 0 0 0 0 5:5 10 0.02 0.5
27 0 0 0 0 5:5 10 0.02 05
28 0 0 0 0 5:5 10 0.02 0.5
29 0 0 0 0 5:5 10 0.02 0.5
30 0 0 0 0 5:5 10 0.02 0.5
31 0 0 0 0 5:5 10 0.02 0.5

12X Ratio of [Cm]
X, Concentration of emulsifier (%, w/w)

:{Wm] (w/w), X,: Temperature of dispersion fluid (°C), X,: Detergent concentration in dispersion fluid (%, w/v),
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Amount of onion oil released from microcapsule
(mg/10 mL ethyl acetate)

Fig. 2. Standard curve for the determination of the yield of
microencapsulation by gas chromatography.
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Table 4. Response of independent variables to the experiment
for the microencapsulation of the onion oil

Run Coded variable” Dependent variable (Yield of
number X, X, X, X, microencapsulation (%))

1 -1 -1 -1 -1 979
2 +1 -1 -1 -1 97.0
3 -1 +1 -1 -1 94.9
4 +1 +1 -1 -1 919
5 -1 -1 +1 -1 94.0
6 +1 -1 +1 -1 94.0
7 -1 +1 +1 -1 95.6
8 +1 +1 +1 -1 92.8
9 -1 -1 -1 +1 9.3
10 +1 -1 -1 +1 972
11 -1 +1 -1 +1 92.8
12 +1 +1 -1 +1 954
13 -1 -1 +1 +1 96.3
14 +1 -1 +1 +1 894
15 -1 +1 +1 +1 937
16 +1 +1 +1 +1 93.8
17 -2 0 0 0 96.5
18 +2 0 0 0 93.2
19 0 2 0 0 95.6
20 0 +2 0 0 96.2
21 0 0 -2 0 94.6
22 0 0 +2 0 96.9
23 0 0 0 -2 95.5
24 0 0 0 +2 98.7
25 0 0 0 0 95.6
26 0 0 0 0 96.7
27 0 0 0 0 96.5
28 0 0 0 0 96.8
29 0 0 0 0 95.9
30 0 0 0 0 96.7
31 0 0 0 0 95.0

l)Xl, X,, X,, and X, are the same as described in Table 3.
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Table 5. Values of regression coefficient calculated for the yield
of microencapsulation of the onion oil

Independent Coefficient tValue Sllfvr‘j&a;‘t

Constant  +97.028571 +132.1

X -0.775000 -1.953 <01

X, -0.500000 -1.260 <0.1
X, 0466667 1176
X, +0.216667 +0.546

XX, 0746726 2054 <01
XX, +0.362500 +0.746
X,X, 10484226 1332
XX, -0.450000 0926

XX, +1.100000 2,264 <01
XX, 0521726 1435
XX, +0.087500 +0.180
XX, +0.137500 +0.283
XX, -0.325000 0.669
XX, 0184226 0.507

R’ 0.8666

F 1.494

Probability 0.1090

VX, X,, X;, and X, are the same as described in Table 3.
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94.13

92.12

Yield of microencapsulation, %

90.10

Fig. 3. Response surface on the yield of microcapsulation
versus the ratio of [core material] : [wall material] (X,) and
dispersion fluid temperature (X,).
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Fig. 4. Response surface on the yield of microcapsulation
versus the ratio of [core material] : [wall material] (X,) and
detergent concentration in dispersion fluid (X;).

FEAeH, w0

A s
Hesh Feo & FFe HAA XY A
A

o=z
=Quse) 4ES A4 Aol AAGS FHLA F 59
W5 Eel A YRR WFE o) FEOR FIL

3xpgd o2 =43l Fig 3-Fig 89 A4S AUt

320 24 oA [Cml: [Wmie] H]&3} FAte] 2%
9te] #AAE= A A (stationary point)©] Z o A (maximum
point) 22X, ZHt [Cm]: [Wm]Q] Hl&S 4.6:54(wiw) 2
Aol 25 e 7°C FHA PiMREs &0 P wT
(Fig. 3), [Cm]: [Wm]9] H]&3} AN e] detergent F&
o] IAlE 77t 4 6(wiw) D 0.024%(wh) H-2o] HARA
o7 IRIHNCH(Fig. 4), [Cm]: [Wm]®] H&4 731 5
Zoto] BANME 2 4.6:54(wiw) D 0.6%(wiw) F-29



442 S22l Zaske]x] A 34 WA 3 3 (2002)

98.16
95.54

9292Y

90.29¢"

Yield of microencapsulation, %

87.671

Fig. 5. Response surface on the yield of microcapsulation
versus the ratio of [core material] : [wall material] (X,) and
concentration of emulsifier (X,).
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Fig. 6. Response surface on the yield of microcapsulation
versus dispersion fluid temperature (X,) and detergent
concentration in dispersion fluid (X,).
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versus dispersion fluid temperature (X,) and concentration of
emulsifier (X,).
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Fig. 8. Response surface on the yield of microcapsulation
versus detergent concentration in dispersion fluid (X;) and
concentration of emulsifier (X,).
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Table 6. Critical values from the canonical analysis of response
surface based on the coded data

Variable? Coded value? Uncoded value®
X, -0.488189 45:55=0.818
X, +1.419935 17.1
X, +1.741834 0.0374
X, -0.828433 0.42

UX,, X,, X, and X, are the same as described in Table 3.
2The coded value can be obtained from the statistical process.
3The uncoded value can be translated from the coded value.
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