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Optimization of Brown Rice Replacement Ratio and Superheated Steam
Conditions in Production of Extruded Snacks for Infants Using Response
Surface Methodology
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Abstract

The optimization of brown rice replacement ratio and superheated steam (SHS) treatment conditions in production
of extruded rice snack for infants were conducted using a response surface methodology. Experiments were designed
using a Box-Behnken design with three independent variables (brown rice replacement ratio, SHS temperature, and
SHS time) and two response variables (hardness and water uptake). The second order polynomial model showed a
satisfactory description of the experimental results. Optimal conditions for extruded snack with the lowest predicted
hardness (2.84 kg/cm?) were 15.81% of brown rice replacement with SHS treatment at 279.59°C for 197.40 sec.
Meanwhile, optimal conditions for extruded snack with the highest predicted water uptake (384.79%) were 17.18%
of brown rice replacement ratio with SHS treatment at 274.52°C for 196.22 sec.

Key words: superheated steam, response surface methodology, optimization, extruded snack

rhu

Rk
e olof g}

(We et al., 2010). 2udlo] Y82 e

o %
T

[e]
oy FHZo|= gluten &
o] defx] §a 2 Aol (celiac disease)’l R ILE]
H A1 (Gujral et al., 2003; Moore et al., 2006) 0] =
Av7t AL 8= AP ek 53] Anl= vhgE

*Corresponding author: Jae-Kwon Lee, Department of Food science
and Biotechnology, Kyonggi University, Suwon, Gyeonggi 443-760,
Korea

Tel: +82-31-249-9654; Fax: +82-31-249-9650

E-mail: jglee@kyonggi.ac.kr

Received August 29, 2015; revised September 9, 2015; accepted Sep-
tember 10, 2015

399

ehel, w3 715 809 el whE F e
Srgom ol 2de) ARAARA F5 WAL 9lon],
&v] branoll o3t AlFe] FAEI A, A 9 71
BoR 1 Aol AdtHolnt. B3 ol HHRAYS 4
5o JItH S A Ffote] AFEAEE A
A AFEol 2=, dA ofel et Ao} A

2 53 Aol o)Al Ffol 2] EASREE
A ZF Al ZoHERE ol &, olgol SJsiAE HA 3
= e o3 42 4 A= Holg]l AEl(food bolus)E
AA BAdsk= Aolth(Le Reverend et al., 2014). ©]¢} 7+
2 242 FHoF 299 Zx(hardness), W3, FEET
8 % AHAEE T, 538 A FREETES 3
frob AAEAS 7P A dEde YR QG fot
2 5o FAE air cell walle] 57, air cell 7] 2
Forof] mel JFS H=Th(Lee et al., 2015).

235715 100°C oo 2 71daide o A== 7
&3 7|(superheated steam)= 7|2 Ax, 71T vl
AL O, EHSF ofgh B3 E ddio® Axsw
o] Eom, 7FE A FAkh AE7F A E ] Akste] ¢
st F84E 2 YT SHE W2 AHS A



400 T et

) tH(Yoshoda & Hyodo, 1966). ©|&d HEZ7]= 2F9]
2, 7YE %S W E3 tortilla chip, ZHAF chip, 22
7z g 7hgol o]-&-% 3L Ath(Moreira, 2001; Taechapairoj
et al, 2006; Wang et al., 2012). B3+ F 2ol FL=7)
A ofg &2l A7 2 B4/ a3 BA
F A THLee et al., 2015).

2 AT Ghol AFEA P PEvle)
HoR ARG FREFEE AXAAE AR, 7}
H9%7]42)

>

ofl oo W rfz o

1

Rl
HU

A3

AFelA = 2013 A71% HENA ArkE FIA8]
F59 =4 Mg T A g A st
Rom, dre $t=gto] 28 (Andong, Korea)oll Al
o} Aol AHE-3HA

>
o
20

2

RZE %

O:] 0 }‘ ol.z

il— 25t A=

Yol dn EHX']]H]EJ’]‘ e o R
A= 3—level—3-fact0r 2# A& 20 Box-Behnken design
(Box & Behnken, 1960)2 ©]-& }Oﬂ\i} E=HHSFZE Fn
A 8] &(X,, 0-30%), FLE57]->%=(X,, 200- 300“C) 2 A
ZAIZHX,, 120-240%)S AR s, 72t SHHTY 58
-1, 0, 19] 39AIZ F538}3t 15719 Mzl weh
-r]i 3pj H]—E /\131 } ‘q—(Table 1) 5._/::3:] F2= %1—
de) AEel FRFFES AAsen, 5
Xol et F&0S vl 23} 517148 53t

e < e Hd r

E
E—‘}t
R )

|
of WhE-

O

k—

11X1'2+ZZBU iy

i=1j=

RHEA K=

Y2
L24H, Naomoto Corp., Osaka, Japan)E
=9} A7be] wEl 719 F ©= 4= 7](Single Screw
Extruder, Dason Food Co., Bucheon, Korea)Z %= 3}]

Al zsk3A T

:":/11]-@ )\] g= od57] ul—xgx]—;q (QF-5100CB-

o] g 3te] HAL

=
PE22W o] A== Rheometer (Compac-100, Sun Scientific
Co., Tokyo, Japan)E AM&-3led 33] WHe SA3lom, =
AxAL A4 4cmQ probeEs ©] &3t o]FAHE 10
o] FE£E 1 mmfsecE ST FEFTEES AE g

S L s

% - oAl

pul g

Table 1. Box-Behnken design for optimization of brown rice
replacement and SHS" condition

Brown Rice SHS SHS
Replacement ~ Temp. Heating Responses”
Run (%) (°C) Time (s)
X, X, X, Y, Y,
1 0¢-1) 200-1)  180(0) 442  283.33
2 0(-1) 25000  120¢-1) 447 28181
3 0-1) 250000  240(1) 321 35635
4 0-1) 300(1)  180(0) 3.1  363.92
5 15(0) 200¢-1)  120(-1) 466 26423
6 15(0) 200(-1) 240(1) 398 314.66
7 15(0) 250000  180(0)  3.04 37122
8 15(0) 250000 180(0)  3.01 375.48
9 15(0) 250000  180(0)  3.05 37429
10 15(0) 300(1)  120¢-1)  3.18 35721
11 15(0) 300(1) 240(1) 3.07 365.87
12 30(1) 200¢-1)  180(0) 341  338.87
13 30(1) 25000)  120(-1) 335 34620
14 30(1) 25000  240(1)  3.08 367.56
15 30(1) 300(1) 180(0) 327  355.08

YSHS: superheated steam
?Y : hardness (Kg/cm?), Y,: water uptake (%)
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Table 2. Predicted response surface quadratic models for hardness and water uptake of extruded rice snack
Responses Model R? (%) Prob>F?
Y,=3.033 - 0.26X, - 0.48X,— 0.29X, + 0.29X, X, + 025X, X;+ 0.14X,X, b
Y, (Hardness) T 0.16X,2+ 036X,2+ 0.33X,” 95.8 0.0059
= + + + - -
Y, (Water uptake) Y,=373.66 + 15.29X, + 30.12X,+ 19.37X, - 16.10X,X, - 13.30X,X; 971 0.0026

~10.44X,X, — 12.94X 2~ 25.43X,2~ 22.75X,>

DR?; determination coefficient.
? Significant at p<0.05

—~
Q
~

Hardness (kg/cm?)

Time (sec) Steam (°C)

~
(o)
~

Water uptake (%)

260
240

Time (sec) Steam (°C)

120 200

Hardness (kg/cm?)

150

Time (sec)
120 200

)
o
N

Water uptake (%)

Time (sec)

Steam (°C)

120~ 200

Fig. 1. Response surface plots for hardness and water uptake of extruded snack depending on superheated steam temperature and
time at different brown rice replacement. (a) hardness without brown rice replacement; (b) hardness with 30% brown rice replacement;
(c) water uptake without brown rice replacement; (d) water uptake with 30% brown rice replacement.
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