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Physicochemical Properties of Rice-based Expanded Snacks
according to Extrusion Conditions
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ABSTRACT Physicochemical properties of rice-based expanded snacks extruded with rice flour, high amylose starch,
and isolated soy protein were investigated using a twin-screw extruder. The ingredients were extruded at various feed
moisture contents (19~23%) and screw speeds (200 ~400 rpm) at a constant feed rate (43.4 kg/hr). Bulk density
and apparent density of rice snacks were 0.06~0.21, and 0.55~0.65 respectively. Bulk density, apparent density,
water absorption index, and breaking strength of rice snacks increased with increasing feed moisture content and decreas-
ing screw speed. However, expansion and water solubility index of rice snacks increased with decreasing feed moisture
content and increasing screw speed. Hunter's color L values of rice snacks was lower with increasing screw speed
at feed moisture contents of 19% and 21%, but was not significantly different from a feed moisture content of 23%.
On the other hand, a and b values of rice snacks were higher with increasing screw speed a feed moisture content
of 19%. X-ray diffraction intensity of rice snacks decreased with decreasing feed moisture content and increasing
screw speed. X-ray diffraction of rice snacks was V-type at feed moisture contents of 19% and 21% and screw speeds
of 300, and 400 rpm. In the microstructure of the cross section of rice snacks, air cells in rice snacks were not
well formed, and cell walls were thicker with increasing feed moisture content and decreasing screw speed.

Key words: rice snacks, extrusion processing conditions, rice flour, high amylose starch, isolated soy protein
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218k Ho“?ég] O]ﬂoi "‘L7}—‘j‘r FopRE o~ HE H 'd\“/]tﬂ
FUuwS o] 83}o] extruderd FEIFHFT screw X0
wet A AWS Z47E A %3 F expansion, breakmg
strength 5 o8] 7HA] FHAE54E vl #4351 & 2~udle]

EER T

M= H

0T

EH
=

M=

2 2 Az AR Ases 27FEH(RM-100 RIV
LAND, Huston, TX, USA), 72% iLo}d =2 @ 2~ A X (Na-
tional Starch and Chemical Company, Bridgewater, NJ,
USA), 28]l F 3 (solated soy protein 066-974, Pro
Fam 974, ADM Protein Specialties Division, Decatur,
IL, USA), A¥(Confections powdered, C&H Sugarcom-
pany, Inc., Crockett, CA, USA), A= (Morton salt, Morton
International, Inc., Chicago, IL, USA)o]t}.

M ALHO| H|X

# 2 Al EPUES AIGE 3ol A5
50%, JoPEE Q2 HAE 40%, L+ 5%, A& 3.5
%, 2w 1.5% H]%i Z3t3te] WA (Double Actlon Mixer;
Model 100 DA70, Leland Southwest, Fort Worth, TX,
USA)ZE 1A1ZF Fot 831t} & ~W o] A Z &= extruder
(MPF-50/25, APV Baker, Twin Screw Food Extruder,

Grand Rapids, MI, USA)E o] &3dlo] A=
Az A TH AZ3 oS AL A 158 =
TRl oF 10% W7t HE5 st e F AR
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Extrusion =2

dEHF UYL extruderE o] &3t Hole} A A0 &
< 25:12 31931, Die 7] 50 mm, &%=+ 67 barrel zone
o2 26.7, 26.7, 51.7, 93.3, 121.1, 121.1°Cell A AH3}3
t}. Feed moisture contenti= 19~23%, screw speedt
200~400 rpm_‘li 3} L, feed ratet™ 43 6 kg/hr= -4
3R, EE barreld} Zﬂw =%, die &9, die =%, %
torque, screw speed, feed ratet MACS PL—lOOO data
acquisition system(Elexor Associates, Morris Plains,
NJ, USA)Z} IBM PC-AT/XT compatible computer(Nor—
thgate, Plymouth, MN, USA)& A% 3}t

Bulk density, apparent density %! porosity &H

Bulk density® & 299 FAE 543 b TAA 8
HEDoR FIE FAs] FAE P92 o] YEr
t}. Apparent density(py)+E A& 3071E YA (Commer-
cial Blender, Model 51BL31, Waring Commercial,
Torrington, CT, USA)Z 283+ &0 2 whd & 40
mesh® &to] AUT R AFIE SA% o FAE A5
g2 yo] YEFWTH22,32). Porositye & 2299 bulk
W39t ARG The} ol Aol e or(32) B
F 63 WEaE sl
Bulk volume— Apparent volume

Bulk volume

Porosity=

Radial expansion 2 longitudinal expansion &%

A ~ulo] Zlol¢e}l 278 Caliper(No. CD-6"C, Mitutoyo
Co., Kawasaki, Japan)& ©]-&38}4 A& 507 & 717 54
st H# kS 89 2 radial expansionS A5 tHA 9
WHS die HAo® o] YE OM(R,/Ry)® longi-
tudinal expansion 4do]& FAZE vo] LEFHTHE3,34).
Water absorption index(WAI) 2! water solubility index
(wsl)

WAL ¥ WSIi= AACC W9(35,36)°l whet A3 akqlch
40 mesh® 73 A& 2.0 g2 40 mL S A de] Yu
20 mLe SHFE 713 o2 voltex® 1+ &3H3F & 25°C
e FE& oA 307 ket ohE A4 71 (Model J2-
21M/E centrifuge, Beckman Instruments, Palo Alto, CA,
USA)E 1,000 gol| A 15 &<t A& ettt e
S A e § JHEY FAE S48 244

Aol w2 5N 105°C 2E(OGS 100, Thermo Fisher
Scientific Inc., Waltham, MA, USA)o| A 24X 7t 7 Z%3}o]



Extrusion AZE %

gk & FAE SASAL S Al oJ3te] AlLteslt.
WAI (g/g)=(Weight of sediment+ Tube—
Weight of tube)/ Sample dry weight
WSI (%)=[(Weight of container+dried supernatant—
Weight of container)/ Sample dry weight]><100

Me =X

e 2 2Ws v R v gk § 40 mesh® g+ v
A2} A (Chroma Meter CR-410, Konica Minolta Sensing
Inc., Osaka, Japan)& ©]&3to] L(MAM L), a(H A %), b(3
AL) s 53] RS S5t FaES Tk

=)

I
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2ol '¥mH-L Video microscope system(les-
305B, Sometech Co., Seoul, Korean)& ©]-&3&}o] 2 ~uJ
o] S Adt & 408 Fdjste] HEEAT

e 2

X-M 3|HE 2M

2 ~dle] X-A 3] -A T X-ray diffractometer(Rigaku
Co., Tokyo, Japan)E AF&3}e] target: Cu-K,, filter: Ni,
voltage: 35 kV, current: 15 mA, time constant: 1 sec,
F.SR: 1x10° cps 2702 3871w (20) 4°~40°7H4] 3]

AAA A AT

Texture analyser0f| 2|8t breaking strength &M

A 221 9] breaking strengthi= Texture Analyser(TA-
HDi Texture Technologies Co., Scarsdale, NY, USA)E
Argatel 2435 71719 57

sure force in tension, test speed: 1.0 mm/sec, distance:

Zz 710

-

test type: mea-—

25 mm, road cell: 50 kg, calibrate probe: Warner-
Bratzler shear blade® 3}31tH36). Breaking strength+
Warner—Bratzler shear blade® & 2o FodS 2&
% vehd A shear forces & 2~ vhd W o7 L

Table 1. Density, porosity and expansion of rice snacks"
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B oofte] Ae At SPSS(Statistics Package for the
Social Science, Ver. 12.1 for Window, New York, NY,
USA) L2 aS o] g3t FAIAE st &4 &
Ao 2 e i, R @ BAHEA T8 AAglon,
Duncan's multiple range testZ AF83}3it}.

=t

7:|E|. aj =

= =<

Bulk density, apparent density 2! porosity
AL, O R Q 2~ M, ey, e g9l g
S #7138 extruder® A Z3TF A 2~ o] bulk density,
apparent density @ porositys Table 13 Zt}. & A
9] bulk density+= feed %85 19%, screw $X7} 400
rpm¥ W 0.062. % 7} Wk, feed 535 23%, 200
romé ® 0.212 71¢ =A Yebsth & 29| apparent
density® 0.55~0.68 A== YEwka, bulk density?} 7k

WA R feed FEFHF] BT F, screw £57F S7HE

5 srobx= A4S BlHh Bulk density7h o1 43}
S Gopx = A Y A AR BB e g3
72 H7] Wio]th32). Ding 5212 27HFE HE4d ¥

o =2

TSl e s

S W feed TP bulk densitys Z7}
&3 a1, screw £% 7} A bulk densitys ZHAE ot

eIt hEAEE Al

densitys oA Al & WA, screw £%27F S7HehH &
3l Hx7F wobA bulk density® Wobx]7] wji-olth
(18,21). olelgk A= ofe] AFAEe oA % Ky
ATH17,19,37).

A o] porosity 0.69~0.88% YEFGLIL, feed 3

Samples
; Bulk density Apparent density . Radial expansion Longitudinal
Fsggtergfl(slf}:;e Scri\ernsl[))eed (g/cm3) (g/cm3) Porosity ratio expansion (mm/g)

200 0.1120.00° 0.66+0.01° 0.84+0.00¢ 9.87+0.32° 5.00+0.09¢

19 300 0.07+0.008 0.55+0.03¢ 0.87+0.01° 12.14+0.33° 5.7240.29°
400 0.06+0.00" 0.55+0.02¢ 0.88+0.00° 13.84+0.49" 6.38+0.16

200 0.1620.00° 0.67+0.01° 0.7620.008 6.88+0.13% 4.46£0.06°

21 300 0.11£0.00° 0.61£0.01° 0.8240.01° 8.24+0.22° 5.12+0.01¢
400 0.09:0.00° 0.59+0.01° 0.85+0.00° 9.36+0.14 5.96+0.07°

200 0.21£0.01° 0.68+0.01° 0.69+0.02" 5.89+0.08" 4.24+0.04F

23 300 0.15+0.00° 0.63+0.01° 0.76+0.008 6.62+0.448 5.07+0.05°
400 0.12+0.01¢ 0.610.02° 0.80+0.01° 7.10+0.07° 5.76+0.34°

Per piece.

YAll values are meantSD (bulk density, apparent density and porosity n=6, radial expansion ratio and longitudinal expansion n=50).
The different letters within a column are significantly different at P<0.05.
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Stefo] WS4== porositys FAHUSH screw SE7}

=4
S7HEE freld o2 S7hE 0] bulk density b= wHTH €]
272 JePT) 243 A A A EE porositys

Ast A& Yehdle 3oz dEA Ath23,24). Yagadt
Gogiis(32)« =9 ol @A &Y 7 55 Y feed
FESEF 12~18%, screw £% 200~280 rpmo & &
A8 8192 o porosity &2 bulk density$} 9¢] #AAES
vebditla 931, Cisneros$t Kokini(38)% screw &&=
7} S7VHH 718579 7t SUkethaL st 2 AE Aol

Radial expansion ratio & longitudial expansion

A 2~udlo] A7 8lg&2 Table 104 B npe} o]
5.89~13.84% el Zo] Wl 4.24~6.38% 717}
etttk A7 Askgo] do] skt o =4 YEbRaL,
27 Bslgy} Aol Hsli= feed FRETLO] FSFE,
screw £R7F wESS A UEige, 274 gskaa
Zo] #3}l= bulk density 23} Wi AE¢S W
H=4% Al B3k bulk densitye 52 #AI7F 912 (39,
40) bulk densitys= o] ste} =& w0l qlrkaL i3l
Eul(41,42), ¥ A9l AE bulk densitys do] 3}k
ofvel A4 o] WatgrE Aol IA et whEkA
A7V, ot R e 2 AR, EedFaor A Adg A
2% BF & 2] A4 Askaa ol AstE Fol7]
HalM = feed FETFLS WA, screw SR W2 AA
&t slo] whghAletriar Azhe )

WAI 2! WS|

A o] RRELXR(WADSY FEEAAF(WSDE
Table 29} 2t} 2 ~H o] WAIE feed E8HF 19% 4
3.58~3.92, 21%° X+ 4.03~4.18, 23%NA & 4.25~
4.58& 27 YERY feed TR0l B2TE WAIE @
Aoz F7MEAY. 19% g HA A screw 5% 200,
300 % 400 rpm<¥ Wl WAI= 3.92, 3.71 ¥ 3.58% Z}Z
UEY screw =7 ME4SE WAIE #4383, feed

w
o}
3
=
&
k
ol\
N
>,

o] WSIE feed 2% 19%°01 4= 20.62~
27.81%, 21%N1 X+ 16.70~22.35%, 23% A= 13.14~
21.05%= 27k Yy feed 23] S5 4o
2 7HA33lT) Feed 8% 19%, screw &% 200, 300
5400 rpmell Al WSI= 2+2F 20.62%, 23.72%, 27.81% %
Ueh screw 27t S7HE RS WSIE o802 St
T, feed 4H3F 21%, 23%NHE & AFL e}
Wtk d7hRe SEFHAES EAE T AT olA feed
FEgFol HeFF, screw FE7F 555 WSIE F7F
H Ak El=ul(43) 2 A Aot 22 A
Wen 5(44)& screw $xv thdie] 47] # 2
FEFS vl &%leH, screw %71 S =
WS mEY 6 B2 gHe] e =Tt Sk ar
skglct. whebd WSl ez RE gae watke] &3t
TAZE Q7] Hitol screw % F7F Al =

Ji
o]

el +EEFFAFE SR 519
%]. =]

I}

o~

v W

AL &5 dite] ol WolA7] wiolgtal & 4= vt
olo} o] XFE 4EAY o uf feed FEIH T screw
S5 WAL 2 WSISF d3ish 347 slem=g &4y
AEe] &5 U M3 5w e} feed FETHFY screw S5

Texturometer0f| 2|8t breaking strength

A o] breaking strength:= Table 29 Zt}. Break-
ing strength & 2=49$- texture analyser® 43S uj
et Hd I8 & Ao dHA 0 R e gholtt Feed
TR 19%, screw &% 400 rpmol A 16.328 74 &

Table 2. Water absorption index (WAI), water solubility index (WSI), and breaking strength of rice snacks

Samples . 2
- WAI WSI (¢ Breaking strength (g/
Feed moisture content (%) Screw speed (rpm) () reaking strength (¢/mm’)
200 3.92¢0.04i”2> 20.6210.022 28.51i0.23;
19 300 3.7140.05" 23.7240.95 19.57+0.34"
400 3.58+0.03' 27.81+0.65" 16.32+1.12'
200 4.18+0.04° 16.70¢0.43fl 41.60+0.75°
21 300 4.1zio.o4j 20.46+0.33 31.63+0.65°
400 4.03+0.02 22.35+0.05° 24.41+1.16°
200 4.5810.032 13.14¢0.44§ 49.5110.902
23 300 4.41+0.04 15.23+0.24, 47.53+1.40°
400 4.25+0.05° 21.05+0.55 38.52+0.94

YAll values are mean+SD (WAI and WSI n=5, breaking strength n=10).
PThe different letters within a column are significantly different at P<0.05.



Extrusion A% ZAd] W&

Al el feed =838HE 23%, screw £% 200 rpmol
A 49.512 7} =7 YEFSET} Breaking strength feed
Fasrgol S7hgkel wel S7kekSl AL screw %71 571
ghol W} Foj# 0w Fads 5HS Btk A FAR
2 3l =AY & AT feed FEFZF] FHsol

uhe} A =7F S48kl thar 8191a1(18), chickpea 7HEE T
A5 & aho] Axg 2ol A= screw 27t S7FEA S
w Arh gasglvkar ®arske](45) & Ad Avel g
74 %ol Ding 5212 & E Al 7taA= =
ks =2 Ao AEE gaATla 7 CuA] &4
S 7HA Sk 7180 AEE AR feed FEFFOl ST
ol A= F7hskar Aol 3sheh e A,

>
I

2

screw 257} Z716H HH vk 8BS Z7A)7E &
AAET} o] 7] Wl WETF HolA A|Fo] ¥ =g
ARG Y. AR (304 feed T 17%, screw
4% 400 rpm, feed rate 43.6 kg/hr Z71o|A] &7},
A7V, BAZIRE ol Az fF3ubEe] breaking
strength 23.212.t} feed 83 19%, screw £ %= 400
rpmol A A7} Topd R o~ AR R Rk o A
Z3%F & 24| preaking strengtht™ 16.32% feed %3t
Zol o watFole Eata o @A et wesk A3k
el = 2 270 s Bad F lo] A& o
9ol 23 Asg o $-sital dekEch

oo o
ol

ME EM

A o] M EAL Table 33 7t} & A~do] Al
Z LS feed =ESHH] 19%, 21%, screw &% 200
rpmel A Z+zF 81.88, 81.94% oz o 714 =4 yet
o, screw &% 400 rpmol| A& feed S2E-3FaFo] 7}
ghol whet Lgkel F7Fekqith. Feed =8 19%, 21%¢
A= screw £27F 7S Like 1A% o feed
T 23%N A= screw Fieo] wWhE Fo Al 2to]=

P

o)
-
ATt a, bk feed FEITH 19% A& screw 57}
[¢]
3

s
a
o~

Zhgol W) Z7hek W, feed 4R E 2192} 23%o
A serew 27k Z7Hgl whet hashelt. 3o ol

Table 3. Hunter's color value of rice snacks

whole cotton see
75 rpm=E FL %
Lzko] frojdo=

FAThaL 3ol vh46). 1o 2
A& screw £ 5% 400 rpmoll AW feed
of upg} Lgko]l 718k AL, screw &% 200 rpmell A

PRl

%

~
[\
o
=

oy tx & b
N Mo K

o 2 2 N
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feed ] S7Heel whet a, bgko] #adte] tha A
ol7} QAU th. ole} T A= 3 AR TFH E W&,
feed FEEH, screw £x, d&% ol W xfolgta
A7t & o] 9 Table 104 Bz wle} o] =3}
o] 71 =A YR feed
400 rpm 271914 L, a, bak 242}t 76.47, 1.47, 12.779]

S, Ashgo] g WA YERE feed
screw %% 200 rpm ZZAA L, a, bgk
0.48, 13.59% A3s}&o] ¥ A LatS w1, agk

e HeEbG

X=M S|HE BM
2 o] x-ray 3|4 %= Fig. 13 @t} Feed
19% ~23%, screw %

N

19%, screw £%

TEHE 23%,
= 2442 79.59,

Lo o

LIy A

R

o

%= 200 rpm®] 7% amylose-lipid

complex?] E4& YelE 20.3°0 4 peak”} YEFS O

(47) screw &% 300 2 400 rpmol A= YERA]

o}o
=) /V]\—

o

Feed %3 19%, 21%, screw &% 200 rpmel A= B
=89 EAS YElaL, 300 2 400 rpmol A= V =39
EAS Yebllth Feed 233 23%, screw $X 200
rpmol| A= 13H(6.8°)°] §131 4a(18.3°), 4b(19.8°)%Fo] &=
Rl WHH | screw
4% 300 ¥ 400 rpm9] - 13H6.8°)F 4a(18.3°)3k0]

H3 A =g 717k B =89 xS

S5 B 23S e Feed

(48)L Ao} R Q2 IAFHF-

@
o]
=

Ey
=

Kol
gt #A7Y Adoka 3k T). Ainsworth
=7} Z748H shear effect7} 5715 o]

4247 9L 9 B
ebdehn S, xoray AAA FREF Aol

O~
Fo| wSI5 4A

=
°

iy

S(42)2 screw
A9 71AIA QL

Samples L a b
Feed moisture content (%) Screw speed (rpm)
200 81.88+0.59"1? 0.32+0.06° 11.98+0.39%
19 300 78.46+0.96° 0.45+0.07"™ 12.34+0.33¢
400 76.47+0.72° 1.47+0.01° 12.77+0.32°
200 81.94+0.49° 0.33+0.05% 12.88+0.24°
21 300 80.55+0.56° 0.28+0.05° 12.74+0.31°
400 79.15+0.30% 0.28+0.03° 11.66£0.11%
200 79.59+0.71% 0.48+0.02° 13.59+0.16°
23 300 79.89+0.53" 0.4040.03% 12.22+0.18°
400 79.73+1.06™ 0.26+0.02° 11.33+0.42°

YAll values are mean+SD (n=5).

IThe different letters within a column are significantly different at P<0.05.
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19%, 200 rpm

19%, 300 rpm

19%, 400 rpm

21%, 200 rpm

21%, 300 rpm

Diffraction intensity

21%, 400 rpm

23%, 200 rpm

23%, 300 rpm

23%, 400 rpm

X

12 19 26 33 ")
2(8)

Fig. 1. x-ray diffraction of rice snacks.

B 7} F7kskH 84 AR Fo] Frtete] st
At &k webd Fig. 19 A4 xols BiE vt
2ol &Y Al feed ST HO| R S4F, screw =27}
EeTE 387l & Ho] V =¥S yepdtia & 4 9l
9lo] A= Table 29 WSI9] Aybe} 22 A Yl
T},

BHH Ax

A v g 40 2 Sojste] B3
Fig. 29} 2t} Extruder 7}g Al B =&
ojste] At F7I4E I 71E el A 4

Atole] /e Aol ofste] YERATR(21,49). & 229 9] feed
Fgtege e 7]Fe 542 feed FRETHF 19%A A5
22 71Fo] FalF EEE o] LAl AEH o] gk Bk, feed
FESEFO] 23%% A9-= 7]Fe] # AR Rsha Mk
Hol T4 Uelt}. Screw &Ed e 73] 54
feed FE3F 19%20 49 screw 27 S71S45 A2
Hol gla1 7139 A77} Ao A Hds 545 YEle
M, feed FETHF 21%9 23%N %= v 523 FEFS B

t}. Table 104 B ufe} o] & o] Y| Ratze} st
o] Ax=E YelN+= bulk density, porosity, expansion}
AT AA L AAJT) F feed FETHO] S7HEF bulk
density= S7FFlaL, & =9 W59 7|32 & A HA

Feed moisture Screw speed (rpm)

content (%) 200 300 400

Xt MEBE FAg o 7|F9 5 AU} T3 Jin
5(36)& A=A AFE v A FZFE= breaking strength

oF dAg Aol dvkar sl om, AEWo] FAEFTH
shear forcet= ARt 3= £ g Ao} AR5
ot AE(30)9] FAT}F-oF AT GAFIREE FARE
3t feed TEFZF 16%~18%, screw &% 300~400
rpm 104 HEAD T FahtEe] B 3ol )5tk
A7, SRS A, et T e o feed T
ZF 19%°A screw &% 300 rpm % 400 rpm =712

Azgh 2 2d Al Edo] o glar 7)ol Z ddE

it

53
Lo oy
(1S to U

2o BE aolE R oA HE BEygFuae
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feed o] WG-S5 Aol g thado] o &
33 A9E YY) wjF ol feed FEIFHS 19% o|5tE
sfo] Bybe mold R o~ HE, HEgiFuoz & A
S AxsF oy, BEd d dPo g olste] B A A
o] ot} wEtA F7F G4EAAY Al tEAdE EATI
I FEYHE ARS A F e E oE g At

A7V, o R~ HAE, EHUTEY, A" 9 AFS
A7t feed FEFH 19~23%, screw speed 200~
400 rpm, feed rate 43.6 kg/hr Z7 A A Z gk & 9]
olglety EA4S B Axe dom o & 2d9
bulk densityi= 0.06~0.21, apparent densitys 0.55~
0.65 A=Z YElSI, feed S EHo] BSFF, screw
LTt AaSes Frleke S 1ok & ~dle] Qg
&2 density$}= B E feed FETH0] WSFE, screw
S 27t S7EFSE skl & 2o WAIE feed



Extrusion A& 2ol wpE & 2~ A|Fo o]3ehy FH4EA

W o] A
breaking strengthi= feed FE&H°] T71&4F, screw
L7t AR STkl A 29 An
feed FEEH 19%, 21%N M= screw £X7F S71E4=
Lgke dto feed T2 23%0 A= screw &0
2 5940 Aol gl a, bike feed FEH 19%
ol M= screw &7t F7hgrol whel Folxitt & e
x-ray JAEE feed TEFFO] FESTF, screw §E7}
ES5TE AL 9A YES A, feed FEEF 19%,
21%, screw %= 300 ¥ 400 rpmollAl= V =89 &
yepdlich & o] Ui b2 feed TS0
T3, screw St gheFE 71F o] Aol & HA

3 AEBo] £ Uehs,
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