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Optimization of Emulsification and Spray Drying Process
for the Microencapsulation of Flavor Compounds
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Abstract

This study was conducted to optimize the emulsion process and the spray drying process for the
microencapsulation of flavor compounds. Using the wall system selected, emulsion process for
microencapsulation was optimized on the change of the pressure of piston-type homogenizer. Emulsification
pressure of 34.5 MPa was found to be the most suitable for preparing flavor emulsion. Effects of drying
temperature and atomizer speed of the spray drier on total oil, surface oil, and flavor release of the flavor
powder were investigated using response surface methodology. The optimum spray drying conditions for
minimal surface oil and flavor release and maximum total oil were 170°C inlet temperature and 15,000 rpm
atomizer speed. The spray-dried powder processed with the highest drying temperature showed spherically-

shaped particles with smooth surface.
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Table 1. Coded level for independent variables used in
developing experimental data

Coded level

I3 Interval
(1.414)

Variable o

clalgy 10 !

Inlet
temperature 127.5 140 170 200 2124 30
(°C)

Alomizer 4 558 12,000 15,000 18,000 19,242 3,000
speed(rpm)
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Fig. 1. The effect of emulsification pressure on emulsion
stability and flavor release in emulsion.
@-@®: crmulsion stability index (ESI), O-O: Flavor release.
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Fig. 2. Micrographs of emulsion prepared by various emulsification pressure

A: 6.9 MPa, B: 13.8 MPa, C: 20.7 MPa, D: 27.6 MPa,
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Fig. 3. The effect of emulsification pressure on the
moisture adsorption of spray dried microcapsules.
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Fig. 4. Comparison of total oil content at different
emulsification pressure.
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Fig. 5. Comparison of surface oil content at different
emulsification pressure.
A: 6.9 MPa, [[}: 13.8 MPa, N3: 20.7 MPa, &: 27.6 MPa.
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Table 2. Experimental data for particle size, total oil retention, surface oil content and flavor release with different
combination of inlet temperature (X1) and atomizer speed (X2) used in the central compesite, rotatable second-order

design for response surface methodology

Coded level of independent variables

Experimental data

No. X1 X2 Particle size Total oil retention Surface oil content  Flavor release
(um) (%) (mg/100g) (%)
1 1 1 32,0 59.2 3.99 324
2 1 -1 334 60.0 3.90 3.21
3 -1 1 326 49.2 4.80 3.44
4 -1 -1 31.8 57.0 4.02 3.64
5 o 0 327 56.4 4.63 2.02
6 -0 0 323 52.5 4.29 4.30
7 0 a 323 55.0 4.48 2.44
8 0 -0 319 55.0 5.02 293
9 0 0 328 58.2 3.15 2.14
10 0 0 329 62.5 328 221
11 0 0 334 62.0 3.02 2.21
12 0 0 334 63.2 342 1.83
13 0 0 324 604 3.24 2.34

Table 3. Taylor second equations calculated by the response surface models

Responses Taylor second equations R, Significance
. . Y, =-61.117890+0.91607X,+0.005421X,
Total il retention L0.003326X 240.000019444X, X,-0.000000303X 0.8150 0.0168
. Y, = 31.437510-0.166292X,-0.00186 1 X +0.000568X * "
Surface oil content -0.000001917X, X2+0.OO()OOOO7304X22 0.8102 0.0182
Flavor release Y, =36.622935-0.260441X,-0.001428X,+0.000691X * 0.7867 0.0499

-0.000000639X, X,+0.00000004277X,
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Table 4. Analysis of variance for the fit of experimental
data to response surface model

Sum of square

S Total 0il  Surface oil Flavor
ource df .
retention content release
Meodel 5 165.3557* 4.4346* 5.3103*
Linear 2 52.1401*  0.0268 1.9521%
Quadratic 2 1009656  4.2888%** 3 3450*%
Cross product 1 12.2500  0.1190 0.0132
Lack of fit 3 21.5830  0.9497* 1.2945
(Prob>F) - (0.2860) (0.0133) (0.0185)
pure error 4 15.9520  0.08%9 0.1457
Total error 7 37.5350 1.0386 1.4402

*p<0.05, **p<0.01, ***p<0.005.
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Fig. 10. Scanning electron microscopic photogram of microencapsulated flavor.
A: inlet temperature (IT)=140°C, atomizer speed (AS)=15,000 rpm (x150), B: IT=170°C, AS=15.000 pm (x150), C:
IT=212.4°C, AS=15,000 rpm (x150), D: IT=212.4°C, AS=15,000 rpm (x750).
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