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Abstract

This study aims to investigate the physical properties of extruded psyllium husk upon the addition of emulsifiers.
Three different emulsifiers—glycerol monostearate (GMS), polyglycerol ester (PGE), and sugar ester (SE)-were
added to the mixture of psyllium husk and rice powder before extrusion. Extrusion was performed using a twin-
screw extruder at 140°C die temperature, 200 rpm screw speed, and 16% feed moisture content. The physical prop-
erties of psyllium husk extrudates including expansion ratio, specific length, piece density, texture profile, color
properties, water soluble index, and water absorption index were evaluated. It was observed that the expansion ratio
was the highest while the specific length and piece density were the lowest in the control which had no emulsifiers.
Texture profile analysis showed that the apparent elastic modulus and breaking strength were highest in the extrudate

with a PGE of 0.1%.

The adhesiveness was found to be lowest in the extrudates with an SE of 0.1% and GMS

of 0.5%. Lightness value was highest in the extrudate with a PGE of 0.1%. Color difference, water soluble index,
and water absorption index were highest in the control. The results reveal that some physical properties of extruded
psyllium husk were improved with the addition of emulsifiers. This finding provides useful information for the
development of psyllium snacks with good physical characteristics.
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glycerol monostearate (NamYung Commercial, Co. Ltd,

Seoul, Korea), polyglycerol ester2} sugar ester (RYOTO,
Tokyo, Japan)& *$3to] ARE-sFATE.
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Fig. 1. Screw configuration used in this experiment.
Table 1. Formula for extruded psyllium husk with various emulsifiers
Ingredient(%)
Sample . - - -
White rice  Psyllium husk ~ Brown rice Barley GMS" PGE? SE? Stevia
Control 76.0 17 5 1.96 0 0 0 0.04
GMS 0.5% 75.5 17 5 1.96 0.5 0 0 0.04
GMS 1% 75.0 17 5 1.96 1 0 0 0.04
PGE 0.1% 75.9 17 5 1.96 0 0.1 0 0.04
SE 0.1% 75.9 17 5 1.96 0 0 0.1 0.04

DGMS is glycerol monostearate.
IPGE is polyglycerol ester.
9SE is sucrose ester.
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CAS Co., Gyeonggi, Korea)S AH&-3}A T}
length of extrudate (cm)

Specific length (em/g) =~ Fextudare @

Py = ————P ©)

P.: piece density of extrudate

P: bulk density of waxy millet

M: mass of waxy millet in 125 mL cup

M,: mass of extrudate

M;,: mass of extrudate and waxy millet in 125 mL cup

7-IE7| E|-A-Ij4|£|*__9|. _|.J1|E=l

P I 2RV AT 92 ¥ 27 El(Sun
Rheo-meter, Compac-1001I, Sun Sci. Co., Tokyo, Japan)E
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E,, apparent elastic modulus
OF/dl: slope of the linear section of the force-distance curve
D: diameter of extrudate

d: distance between two supports
F,.=F./S “4)

F,,: breaking strength (N/m?)
F,: maximum stress of extrudate
S: cross-sectional area of extrudate

E=H

3tE AEA Y E] S (hardness)2t -2 (adhesive-
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L: lightness

a: redness

b: yellowness

L,: raw material of lightness
a,: raw material of redness

b,: raw material of yellowness
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Table 2. Expansion properties of extruded psyllium husk with
various emulsifiers

. . Specific length Density
Sample”  Expansion ratio 3
P P (cm/g) (g/em’)
Control 4.71+0.17* 3.06+£0.18° 0.13+0.01¢
GMSP 0.5% 3.52+0.08°¢ 6.14+0.34* 0.15+0.01°
GMS 1% 4.04+0.11¢ 5.40+0.41° 0.14+0.01°¢
PGE? 0.1% 3.73+0.05¢ 4.87+0.32¢ 0.15+£0.01*
SE¥ 0.1% 4.28+0.14° 4.37+0.16° 0.14+0.01°¢
F-value 139.73™ 119.54™ 24.03"
“p<0.01

DGMS is glycerol monostearate.

IPGE is polyglycerol ester.

9SE is sucrose ester.

“Means with different letters within a column are significantly different
(»<0.05) by Duncan’s multiple range test.
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Table 3. Apparent elastic modulus and breaking strength, texture of extruded psyllium husk with various emulsifiers

Sample Apparent elastic modulus (N/m?)  Breaking strength (N/cm?) Hardness (kg) Adhesiveness (g)
Control 1.36E+04* 12.43+5.92%® 21.06+2.18° -36.00+5.48°
GMS" 0.5% 2.40E+04™ 10.47+2.32° 11.97+1.37¢ -24.00+5.48°
GMS 1% 1.12E+04° 11.20+3.42® 13.63+2.27¢ -28.00+8.34%®
PGE? 0.1% 2.61E+04* 15.20+3.55° 15.97+2.33° -26.00+5.48°
SEY0.1% 1.94E+04® 12.65+3.25% 18.75+1.69 -24.00+5.58°

F-value 2.34* 1.55*% 27.20%* 3.26%*

p<0.1, ""p<0.05

YGMS is glycerol monostearate.
PPGE is polyglycerol ester.
ISE is sucrose ester.

“Means with different letters within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Table 4. Color of extruded psyllium husk with various
emulsifiers
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1.03+0.112 73 wglth A= GMS 1% FA7olA
19.30£0.702 71 =% PGE 0.1% FH7kolA 17.61+
0.092 7} St} & M= gzl A 31.5240.16%
M =2 #E YEAZ GMS 0.5% H7btel A
16 69+0.22% 7H¢ v 3g eI ol & =4
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A Z1th= Koh (1992)9] A2 3o} 7o) 2ol A
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=2 %S BT Tie et al. (2012)= I/l 238 A
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oA 41.73+0.48%% 7}5} bjg g}e L}Emml GMS
1% A7FEAA 1535£0.49%2 78 32 Jehfidic &
ARG =AM F3AIY] H7Pt AT E A
TH= Wang et al. (2013)9] A Ao} o] 2 AFolA

Table 5. Water solubility index, water absorption index of
extruded psyllium husk with various emulsifiers

Color Water solubility index Water absorption index

Sample L a b AR Sample (%) ty (@ /1; )
Control 60.48+0.212Y 1.32+0.10° 18.69+0.06" 31.52+0.16 Control 41.73+0.48% 8.09+0.05%
Raw? 89.50+£0.04° -0.72+0.13°  6.56=0.05" Raw" 1.96+0.07" 7.88+0.07°
GMSY 0.5% 72.02+0.23°  1.67+0.09° 18.57+0.05° 16.69+0.22° GMS"0.5% 21.25+0.32¢ 6.66+0.10°
Raw 86.53£0.10° -1.83£0.04¢ 11.030.10° Raw 1.61+0.17" 8.214+0.09*
GMS 1%  68.57£1.69" 1.85£0.29° 19.30£0.70° 24.20+1.84° GMS 1% 15.35+0.49¢ 7.09+0.10¢
Raw 89.71+0.34 -1.18£0.08" 7.89+0.22° Raw 3.30+£0.23" 5.90+£0.07¢
PGE? 0.1% 72.44+0.18¢ 0.54+£0.06° 17.61£0.09° 19.60+0.19¢ PGE? 0.1% 22.78+1.71° 6.10+£0.25°
Raw 89.56+0.12° -121+0.06" 8.31+0.12° Raw 3.01£0.50® 6.52+0.08¢
SEY0.1%  71.97+0.07° 1.03£0.11° 18.40+0.08" 20.78+0.11¢ SE* 0.1% 24.17+0.88° 6.59+0.37¢
Raw 89.88+0.12° -1.26£0.02"  8.29+0.06° Raw 4.08+0.08" 6.02+0.05¢

F-value  13074.35™  400.77"  1512.01" 2150.32" F-value 1176.117" 91.80™"
"*p<0.01 **p<0.01

YGMS is glycerol monostearate.

YPGE is polyglycerol ester.

9SE is sucrose ester.

“Raw material before extrusion.

YMeans with different letters within a column are significantly different
(»<0.05) by Duncan’s multiple range test.

YGMS is glycerol monostearate.

YPGE is polyglycerol ester.

ISE is sucrose ester.

“Raw material before extrusion.

YMeans with different letters within a column are significantly different
(p<0.05) by Duncan’s multiple range test.
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Fig. 2. Scanning electron micrographs of cross-sections of extruded psyllium husk with emulsifiers: (a) Control, (b) GMS 0.5%, (c)

GMS 1%, (d) PGE 0.1%, (¢) SE 0.1%.
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