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Flavor Entrapment Effect of Porous Starch and Sensory Characteristic
of Boiled Instant Noodles Using Flavor-entrapped Porous Starch

Hae-Yeun Kim, Gyu-Hee Lee, Hyun-Ah Kang, and Myung-Gon Shin*
School of Food Biotechnology and Nutrition, Woosong University

Abstract In this study, wild sesame leaf aromas (WSLA) were extracted and the extracted aromas were entrapped in
porous potato starch micelles. The entrapped aromas did not evaporate, even by heated water treatments, and remained
until a physical treatment such as chewing. Thus, the enirapped WSLA starch was used to make precooked instant noodles
in order to mask or/and reduce an unpleasant raw flour flavor. The efficiencies of the flavor entrapment were analyzed
using gas-chromatography equipped with solid phase micro-extraction (SPME), as well as by sensory evaluation. The
highest yield of the porous potato starch was shown as 82.4% at an inlet temperature (IT) of 170°C, an exhaust
temperature (ET) of 90°C, and a feeding rate (FR) of 40 mL/min. In the porous starch made by IT at 200°C, ET at 100°C,
and FR at 50 mL/min, the entrapment efficiency was 68% by GC analysis; this starch also had the highest WSLA and
consumer acceptability, but the lowest raw flour flavor, according to the sensory evaluation results.
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Table 1. Experimental design of spray drying for making porous
starch

Run Coded variable Process variable
number TV ET FR IT ET FR
1 -1 -1 -1 170 90 40
2 -1 -1 +1 170 90 60
3 -1 +1 -1 170 110 40
4 -1 +1 +1 170 110 60
5 +1 -1 -1 190 90 40
6 +1 -1 +1 190 90 60
7 +1 +1 -1 190 110 40
8 +1 +1 +1 190 110 60
9 0 0 0 180 100 50
10 -0 0 0 160 100 50
11 +ou 0 0 200 100 50
12 0 -QL 0 180 80 50
13 0 +o 0 180 120 50
14 0 0 -0 180 100 30

15 0 0 +o 180 100 70

UIT means inlet temperature, ET means external temperature, FR
means feeding rate.
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Table 2. Predicted levels of optimum preparation conditions for
the maximized yields of the porous potato starch by the ridge
analysis and superimposing of their response surfaces

Preparation conditions Levels for the maximum Significance
response surfaces
Inlet temperature (IT) 184.56 0.2482
External temperature (ET) 106.03 0.2856
Feeding rate (FR) 37.42 0.2566
R? 0.7488 -
Morphology saddle point -
Predicted value 67.88 -

Table 3. The mean yields of porous potato starches at different
inlet temperature (IT), external temperature (ET), and feeding
rate (FR) during spray drying

Spray drying condition Yields (%)
IT =170, ET = 100, FR = 50 64.0Y
IT =170, ET =90, FR =40 82.0
IT =200, ET = 100, FR =50 57.0
IT=170,ET=110,FR =40 54.7
IT =180, ET = 100, FR = 30 75.0
IT =190, ET =110, FR = 60 74.0
IT =190, ET =90, FR = 40 624
IT =170, ET =90, FR = 60 63.2
IT=170, ET=110, FR = 60 52.0
IT =190, ET =110, FR =40 72.0
IT =180, ET =100, FR = 70 452
IT =160, ET = 100, FR = 50 73.1
IT =190, ET =90, FR = 60 64.0
IT =180, ET =120, FR = 50 66.0

YMean yield amount at duplicated results.

Y =1866.84-103768 IT-13.226875 ET-7.486875 FR+0.003875
IT*IT +0.073125 ET*IT-0.005000 ET*ET +0.031875 FR*IT +
0.021125 FR*ET - 0.008500 FR*FR
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Fig. 1. A gas-chromatogram of encapsulation efficiency for
perilla ketone in WSLA.
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Table 4. Entrapment efficiency in porous potato starch of perilla
ketone in WSLA

Entrapment
Spray drying condition Area Ratio efficiency
(%)
control 350.86 -
IT=170, ET =100, FR =50 202.08 42.4
IT =170, ET =90, FR =40 173.65 50.5
IT =200, ET = 100, FR = 50 112.13 68
IT=170,ET =110, FR=40 208.65 40.5
IT =180, ET =100, FR = 30 180.21 48.6
IT=190, ET =110, FR =60 133.02 62.1
IT =190, ET =90, FR =40 157.33 552
IT =170, ET = 90, FR =60 138.54 60.5
IT=170,ET =110, FR =60 151.25 56.9
IT =190, ET =110, FR =40 152.20 56.6
IT =180, ET = 100, FR =70 171.05 512
IT =160, ET = 100, FR =50 191.82 453
IT =190, ET =90, FR =60 139.13 60.3
IT =180, ET = 120, FR =50 239.63 31.7
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