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Effects of Die Temperature and Moisture Content on
the Quality Characteristics of Extruded Rice with Mealworm

Sung Young Cho, Apapan Chatpaisarn, and Gi Hyung Ryu*

Department of Food Science and Technology, Kongju National University

Abstract

This study aims to make extruded rice snack with high quality in texture and nutrition by adding mealworm. Addi-
tion of the mealworm has the merit to fill in high-quality protein and unsaturated fatty acids which are insufficient
in rice. Thus, the physicochemical properties were investigated through the process of extrusion cooking. As the
extrusion process varied, the die temperatures were set to 120°C and 130°C. Also, the moisture contents were
adjusted to 30% and 35%. The specific length, the expansion ratio, and the water absorption index increased as the
added content of mealworm became higher. On the contrary, the density, the breaking strength, the apparent elastic
modulus, and the water solubility index decreased. As mealworm and moisture content increased, DPPH radical
scavenging activity significantly increased but the rancidity decreased. As a result, the addition of mealworm to the
extruded rice snack was effective in improving texture, nutrition, and antioxidation.
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A
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ANBEL 50°ColA A7 Axste] B84 EAS =H 6}
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Korea)& A3t

Length of extrudate (cm)

1
Weight of extrudate (g) M

Specific length (cm/g) =

© 0.69£025%, FTHH-S 4488£031%, EA WL 34058  TAHET
0.15%A 27 A7HEe] SRS 10.12£0.08%, T FEHP R UL E J2E o] &3 A} XFYO
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Full pitch screw
4. 1/2 Pitch reverse screw

L/D ratio 23:1
@:30cm

Fig. 1. Screw configuration used in this experiment (Model THK 31T).
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al,, 2010).

Pr= __M P 2
M+M,-M,
PF: 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

dE7| B A5t m

GEAFES A7) B A d7H-2 Sun Rheo-
meter (Compac-1001I, Sun Sci. Co., Tokyo, Japan)E A}-&
ste] 103] 4 HApe AEsith S 32 probe
angle type (65°), A3 10kg, AAY °]%F &% 60
mm/min, A A7+ Al 3ecm At SHXAE Ryu &
Ng (2001)¢] W& ol&ste] HR7] &/ A5 (Eapp)<t
22 (FosyS 22t 2 (3) (4= AlAFatirh.

E,,,= (dF/dI)(64d*/48nD*) 3)

E,,,- Apparent elastic modulus
dF/dl: Slope of the linear section of the force-distance curve
D: Diameter of extrudate

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

F,.: Breaking strength (N/m’)

F,: Maximum stress of extrudate

S: Cross-sectional area of extrudate

M

AEAPES Ell5te] 14-30 mesh Alelo] AEE AR}
|(Chroma Meter CR-300, Minolta Co. Ltd., Osaka, Japan)
£ o] &3] X (lightness, L), A = (redness, a), T =
(vellowness, b) &S 33] S8 HAF@po=Z e 2
#oZ A W3 (color difference, AE) S LFERN ST
FE AT 32 L=97.80, a=0.33, b=2.01°] At}

X

AE = J(L-Lg)2+ (a—ag)?+ (b-by)>2 (3)

L: Lightness

a: Redness

b: Yellowness

L,: Raw material lightness
a,: Raw material redness

b,: Raw material yellowness

TESEX T2t TEEHKT

HEAF =] 784 44E BA37] flst] AACC W
H(AACC International, 1983)& 383l & 7|02 A
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AYE S = ste] $E-8-3) X4 (water soluble index,
WSHE 2t} 2l(6)e} 2l(7) o2 AlXkstsiTh

WSI (%)
_ Dry solid wt. recovered by evaporating the supernatant

Dry sample wt. x100(6)

Hydrated sample wt.- Dry sample wit.

Dry sample wt. )

WAL (g/g) =

A
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Soluble nitrogen content
Total nitrogen content in sample

NSI (%) = 100 (®)

o] & d AslE A2 Mertz et al. (1984)
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Protein digestibility (%)
_ Total protein-undigested protein y
Total protein

100 )

DPPH radical 27 &%
A=A Ee DPPH oz 44 &4 A3 L Brand-

Radical scavenging activity (%)= (A,— A,)/A,x 100  (10)

A,: Absorbance of the blank
A;: Absorbance of the sample

LHHE

HEHFES] e S 9% TBAZ= Chang et
al. (2012)¢] W& WA st] ARSI 59 AlEE A
ol FHsle] oergol] =<2 3% BHTE 0.3 mL} pH
2.09] FHF2HEA 45mLE 7HeE ol 3,000 ppm S 2 30
T ¢ A EEet] e FolodHedth Al
oY F S5mLE F2] Al & § glacial acetic acid
99.5%°l] 2-thiobarbituric acid 0.69%% -83]A]Zl TBA 4]
°F 5mLE 7ZH7Fe] Al@el 7hekslth. o] & 100°CollA] 35
T & T st A WAg Fol £33 =A 531

gt

[e:

nm IPFAAM FFEE SHSAY. FAEE 22

Z At AEE FFEE o83t T A (1)
tY3ste] AR kg malonaldehyde®] & mglE HEA|
3ttt

TBARS (mg/kg) =(a—b) x 3 x 100/s

a: Absorbance of the sample
b: Absorbance of the blank
s: Weight of sample (g)

SHXE

Ayl S AIA = SPSS(Statistical Package for the
Social Science) version 23.0 Z=2 1 (SPSS Inc., Chicago,
IL, USA)S ©o]§-3to] dAul x| E2HE2] (one-way ANOVA)
< AA & {94 Aolrt e FEol tisiA] p<0.05
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2.45+0.022 7173 74 A7 "7}
FH 0%l A= 120°C, R 35%31 A 857}
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Table 1. Expansion properties and breaking strength, apparent elastic modulus of extruded rice with mealworm

Mealworm content Die temperature Moisture content Expansion  Specific length Density  Breaking strength Elastic modulus
(%) (°C) (%) ratio (cm/g) (g/cm’) (N/cm?) (N/cm?)
120 30 1.72£0.092  24.66+0.02" 0.68+0.07° 82.09+0.02° 7.58E+03°
0 35 1.110.05' 29.67+0.05' 0.75+0.09* 98.32+0.05* 9.39E+03°
130 30 2.45+0.02° 23.34+0.09' 0.5140.15°  63.25+0.09° 5.28E+03"
35 2.17£0.15° 25.09+0.12 0.59+0.12° 70.34+0.04° 6.85E+03¢
120 30 1.53+0.09' 37.83+0.09" 0.49+0.09° 28.25+0.02% 6.18E+03!
s 35 1.42+0.15 38.25+0.05¢ 0.53+0.02¢ 30.17+0.09 6.52E+03"
130 30 1.61+0.05" 40.21£0.02"  0.44+£0.08"  26.28+0.01' 5.57E+03!
35 1.26+0.15* 43.59+0.05° 0.46+0.09¢ 30.25+0.12 6.52E+03"
120 30 1.95+0.09¢ 54.07+0.02¢ 0.35+0.03 40.35+0.09° 7.07E+03¢
10 35 1.64+0.05¢ 55.47+0.09° 0.41%0.09' 42.21+0.03¢ 7.39E+03¢
130 30 2.01£0.05° 64.88+0.15" 0.31£0.05* 38.21£0.09" 6.89E+03"
35 1.85+0.11° 63.9240.02° 0.36+0.03 39.32+0.06° 7.01E+03°
YMean + SD.

YMeans withdifferent letters within a column are significantly different (p<0.05) by Duncan's multiple range test.
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Table 2. Change in color value of extruded rice with added mealworm

Mealworm Die temperature Moisture a b AE
content (%) °C) content (%)
120 30 81.99+0.09"%2) -2.04+0.03" 12.21+0.09* 2.03+0.09*
0 35 85.40+0.05° -1.52+0.05° 9.26+0.12' 2.26+0.07
130 30 79.360.02¢ -1.15+0.08¢ 15.61£0.05 2.40+0.05'
35 81.84+0.06° -0.04+0.02° 14.67+0.09" 2.90+0.05"
120 30 54.84+0.05" 1.52+0.09° 13.14+0.021 6.33+0.11°
5 35 59.01+0.128 1.40+0.02° 12.27+0.05' 5.90+0.128
130 30 60.27+0.09" 1.57+0.03° 15.93+0.04° 6.96+0.04°
35 62.31+0.03° 1.51£0.07° 15.0140.03¢ 7.59+0.03¢
120 30 39.32+0.05' 2.21+0.08* 18.27+0.09¢ 7.75+0.09°
10 35 42.21+0.09¢ 1.98+0.05* 16.01+0.11¢ 7.48+0.11¢
130 30 45.53+0.15' 1.53+0.04° 21.39+0.03° 8.01+0.05°
35 46.39£0.11° 1.49+0.06° 19.31+0.08° 7.58+0.02°

L: lightness, a: redness, b: yellowness.
YMean + SD.

JMeans with different letters within a column are significantly different (»<0.05) by Duncan's multiple range test.
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Table 3. Water solubility index, water absorption index, nitrogen solubility index, protein digestibility of extruded rice with mealworm

Mealworm Die Moisture Water solubility =~ Water absorption Nitrogen solubility Protein

content (%) temperature (°C) content (%) index (%) index (g/g) index (%) digestibility (%)

120 30 18.74+0.09"2 5.91+0.03% 9.62+0.09% 69.37+0.211

0 35 17.32+0.03¢ 5.43+0.02' 8.45+0.02% 70.03+0.07'

130 30 22.26+0.12° 8.92+0.09" 5.3940.15° 68.58+0.13*

35 19.17+0.06° 6.75+0.08’ 5.01+0.11¢ 68.37+0.09'

120 30 15.25+0.08¢ 8.46+0.02" 15.62+0.03° 75.97+0.08"

s 35 14.39+0.06" 7.94£0.121 13.45+0.05¢ 76.83+0.12°

130 30 16.64+0.02° 9.354+0.05° 11.91£0.05° 75.01+0.17¢

35 16.01£0.03" 8.89+0.05¢ 10.83+0.32¢ 73.86+0.03"

120 30 12.38+0.05* 10.98+0.07° 25.70+0.08" 79.97+0.07°

10 35 11.05£0.07' 10.25+0.09¢ 24.65+0.19* 81.31+0.19°

130 30 13.87+0.05' 12.25+0.15* 22.76+0.21° 77.03+0.02¢

35 13.54+0.03! 11.91+0.02° 22.01+£0.05% 77.84+0.03¢

YMean =+ SD.

?Means with different letters within a column are significantly different (»<0.05) by Duncan's multiple range test.
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Fig. 2. DPPH radical scavenging activity of extruded rice with
mealworm. *'Values with different letters within the same row
differ significantly (p<0.05).
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