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Abstract

This study was performed to determine the effect of psyllium husk addition on the physical properties of rice extru-
dates. Rice-based formulations mixed with psyllium husk (0, 7, 14 and 21%) were extruded at a die temperature of
140°C, screw speed of 200 rpm, and moisture content of 20%. As the content of psyllium husk increased, expansion
ratio decreased, while piece density and specific length increased. Apparent elastic modulus, breaking strength, adhe-
siveness, and hardness augmented with an elevation in psyllium husk content. Lightness declined as psyllium husk
content furthered, while redness, yellowness, and color difference intensified. Water soluble index and water absorp-
tion index increased with an increased amount of psyllium husk. In conclusion, the addition of psyllium affected
the expansion of extruded rice snack possessing hard texture, small cells, and sticky texture due to higher water

absorption during hydration.
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o] W% %L, Tl 2ol 715 A A
T7F =2 AFES Aitste] AF il ofEge] At
wol, 22 A4 FHu ¥ EE SR At wAo
2 AR EH AF Aol e AsA, A5 528 o
F 2 tK(Shin et al., 2018; Raymundo ef al., 2014). &
3 Hola s PR el Aol ig xUsEE 3
SHe, aad, =24 Al o3 a7k oH Y vt
@‘%EZHE 0]-8-3}7] oJHTh(Lee & Ryu, 2013)
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Korea), #12]7FH= AW 54K Hwaseong, Korea), B2 71
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B9 dAKSeoul, Korea), ZHH]ol= Enlo] 2 ¥ 2 (Seoul,
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¥ olgste] Hazkd o2 FIATHKIm er al,
2012). 4EAFES] deol= 223 2~(CD-15C, Mitutoyo
Co)E °l&3tdy, A= AAAEMWI, CAS Co.,
Yangju, Korea)2 AH&-3}Th.

length of extrudate (cm)
weight of extrudate (g)

Specific length (cm/g) = €))

Table 1. Formula for rice extrudates with different levels of
psyllium husk

Psyllium Ingredient (%)

husk  white Psyllium Brown
contents (%) rice  husk  rice

Oat Barley GMS" Stevia

0 87.5 0 5 5 196 05 0.04
T AEE IR A8 AT A3 =2 7 85 7 5 5 196 05 004
20 2= AgTe WHrE 14 735 14 5 5 196 05 004
AR H 7o wE FEA Y E o) 21 66.5 21 5 5 196 05 0.04
DGMS is glycerol monostearate.
Motor
TN /7171711 [T T T ‘iiiil-
!!!!!/!!!!. !!!!!\.\.\.\.\.\ L T T T T !!!!!—
1 1 1 4 1 1 2 2 3 3 3 1

1. 1/2 Pitch screw
2. 2/3 Pitch screw

Fig. 1. Screw configuration used in psyllium husk extrudate.

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

L/D ratio 23:1
?:3.0cm
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AE2HE U (piece density)E XZE o] &3t
TA NP OZ F 103] wkEEte 2 (2)F o]&ste A
ks th(Jin et al., 2010).
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M

Pr = MM, ™,

P 2
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

ZE27| b2t ofn

U= T =] AE7] B3 715 (apparent elastic modulus)
¢} 1}3 & (breaking strength) 2| 2 7] E](Sun Rheo-meter,
Compac-100I1, Sun Sci. Co., Tokyo, Japan)E A}F&-3}o] 10
3 F4 & BAS =Sk S Z712 probe angle
type (65°C), Hh-&-F 10kg, AA °]F &% 60 mm/
min, AAh7+2] Al 3em¥Ath Ryu & Ng (2001)¢] H
HE olgsto] R BGAASFE, )t HAH(F )= 22
2 3)F (4R ALFstsd

E,,, = (3F/31)(64d"/48rD?) 3)

E,, apparent elastic modulus
OF/3l: 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

=izt
otE AEAYE 7T (hardness)2t H-2Hd (adhesive-
ness) =412 93 @27 E(Sun Rheo-meter, Compac-100
I, Sun Sci. Co.)E AF8-3t] Bourne (1978)<] 41
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300, Minolta Co., Ltd., Osaka, Japan)E ©|&3}] Hx
(lightness, L*), &2 =(redness, a*), 34 &= (yellowness, b*)
&S 33 AT AP E Y 4 5HE AAe
(color difference, AE) & YERAA . 2= Aato] ke
L*=96.59, a* = 0.96, b* =2.54%3

AE = J(L*-Ly)?+(a" —af)?+ (b"~ b))? (5)

L*: lightness

a": redness

b*: yellowness

L;: raw material of lightness
a,: raw material of redness
by: raw material of yellowness

+E BRI} +EEARS

Ryu (2018)2] WS $-83t9 A 7|F02 A& 15¢
of ZHF4 30mLE 7}38le] 30°Ce] & 4= %(BF-45SB,
Biofree Co., Seoul, Korea)ollA] 3047+ wRksE & 4R
2] 7](H-1000-3, Hanil Science Industrial Co., Gangneung,
Korea)ol 4] 2000xg 0.2 20%-7F YA EE] st 5
GFEHF JA -2 F JAHAEL] FAE FH5aL ¢F
uE HAIE 105°Ce €37 271(HB-502MP, Han Beak
Co., Bucheon, Korea)ollA 2A]7F &9t AZxste] A5l 9]
IR FEFS S5k 88 A] S (water soluble index,
WS} -3#-&-2FX] 4=(water adsorption index, WA)S Z}z}

2 (N @)= Alrteksint.

WSI (%)
= (dry solid wt. recovered by evaporating the supernatant
/ dry sample wt.) x 100 @)

WAL (g/g) = (hydrated sample wt. — dry sample wt.)
/ dry sample wt. )

O|Ml72=

A7 FEAFES 50°ColA 12417 AR &
dFuF ol HAste] FEHFES] TS WgoR
Y & I Els FAHAATZ(MIRA LMH, Tescan,
Brno, Czech)©.Z 7}&78 10 kVolA] 108]&Z vlAl +
X5 HEET

SHXE

Azte] A A 2= SPSS version 23.0 (IBM-SPSS, Thorn-
wood, NY, USA)S o|&3te] dulf=] E4HEA] (one-way
ANOVA)S g & o3 2|7t sl &=l thaiA
p<0.05 =4 =2 AZ}+S Duncan’s multiple range test=
A skt
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A3t FEF U] §§ES] 71X AEES B8 F45H
sp7h dojuAl dnk A7 AskES AR H7EE 0%
oA 3.29+0.062 7HE E2 w2 JERHAAL Az FH
7FF 21%0014 2.99+0.052 7HF @ 7S YElf o] 214
219 A7bEre]l #E45 WolAle A ¢ & AT o
= AR H7tR AFAe] SUte A o R
Aol 7haste] 27 sshgo] agt Aog dAdtEth
(Gu et al, 2010). BlZdols AAS A7 0%l A
5.79+£0.44 cm/g® 7HF e ke JERAAA R 2 A1)
A7V 71%SF fFolAQ1 Apol7h UL ApHAbe HIbE
21%14 6.73+0.30 cm/gZ 7Hg =2 7S YERRITE o]
= A7V, WL, ST, BV, AR b=
Ay oA A7 qskgo] Frketd v dole A
= A7det AA8ITHKIm ef al., 2012). 272
AR A7 21%04 0.1940.01 gem’2 7Hg =9k
AR H7bE %904 0.15£0.01 glem’Z 71 Sk,
AT O] o]l #E4E 4EAF R F4 AstE
o] Wste] TR lste] "o} vjde|7t F7hsta, 2t
A9 ghego] Ees HA Wshrt dojubr] wiEel 4
o] sttt A7 syt o|Fojx FASAS AR W
T
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A7) ASe B He Aee, 9%, 7]y 3ol
FFS won AP ES] FHE A5 T8 AR
THGu et al., 2010). 2P0 o] e & &4
o] ZH7] e3AGe} 52 el 3 Table 32 7t}

Table 2. Expansion properties of rice extrudates with different
levels of psyllium husk

AR7) B AGe B9 He Aty o] ek St
G5 I7behe A4S BAT AR @A E A
b9 H7VE 14% 7HA 7oA Zpeol7t gl ot 2 At
3 "7V 21%1A 1521E+04 Nim*2 34 Z7}sk4 .
g AT H7FF 21%004] 28.86+1.79 Nlem* 2
7 =% AT HIFF 0%lA] 15.2442.11 N/em?
2 71wkt o= aAtT] 9] Hrte] FtE S
AR skg o] 7Hasla FEAFFEY 71F 27t FobA
A Fo] 2AE7F 718k 7] WEe® AztEy, A7
sh&o] S7HESE g o] Aadts ATFE S el UA
SIATHCho et al., 2017). B AFo|= 3 2ol dF4d
Q1 AR 9] H7VRFo] T E AE o] %74 o]
A A 2 sk AS &

o o N

P
=

1A el e 537 8 AEAAEY Ax
22 Table 491 VERASITE A=E AT Hrhg
0%0114] 1143.00496.82 g0 = 7P wekom xpxxty]
7V 21%0014 1830.63+84.62 g0 & 71 ESkt}. 2lo]
E 4EAYEY matix Woll EAlse B3 45 23}
o 4E=9] Hst 9 g3 S AN A AEE ST

AT Ajol] wiel AR HI7PF GEAEES

=

x

EE Z/M7E Ao g A th(Diaz ef al., 2015).
A AT HA7EE 0%l M 25.00£535 g2 & 7}

Table 3. Apparent elastic modulus and breaking strength of
rice extrudates with different levels of psyllium husk

Psyllium husk Apparent elastic Breaking strength

contents (%) modulus (N/m?) (N/em?)

0 5.39E+04°) 15.27+2.11¢

7 9.56E+04° 20.96+1.63¢

14 8.19E+04° 25.34+2 .40°

21 15.21E+04° 28.86+1.79%
F-value 477" 68.56™

#%p<0.05

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

Table 4. Texture of hydrated rice extrudates with different levels
of psyllium husk

Psyllium husk Expansion ratio Specific length  Piece density Psyllium husk Hardness Adhesiveness
contents (%) p (cm/g) (g/em®) contents (%) (2) (2)
0 3.29+0.06%) 5.79+0.44°¢ 0.16+0.01° 0 1,143.00+96.82' -25.00+5.35°
7 3.23+0.04° 6.10£0.19% 0.15+0.01°¢ 7 1,412.25£72.91°¢ -36.25+9.16°
14 3.10+0.08° 6.29+0.33° 0.17+0.01° 14 1,580.38+83.73" -48.75+8.35¢
21 2.99+0.05¢ 6.73+0.30* 0.19+0.01* 21 1,830.63+84.62° -92.50+15.81¢
F-value 40.95™ 11.407" 94,04 F-value 92.63™ 64.68"
k()01 **p<0.05

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

YMeans with different letters within a column are significantly different
(p<0.05) by Duncan’s multiple range test.
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Table 5. Color of rice extrudates with different levels of psyllium husk

Psyllium husk Color
contents (%) L N b AE
0 75.63+0.03% 1.05+0.03¢ 21.23+0.08¢ 20.27+0.06°
. 7 72.62+0.27° 2.29+0.03¢ 22.59+0.31° 23.46+0.10°
Extrusion b b b
14 68.56+0.35f 3.43+0.15 24.20+0.33 22.86+0.50
21 66.36+0.30° 4.29+0.05* 24.96+0.11° 25.244+0.19*
89.74+0.11° -1.77+0.02" 11.09+0.158 -
Raw! 7 88.76+0.10° -1.510.06¢ 11.67+0.09" -
14 87.30+0.09° -1.27+0.03f 11.66+0.08" -
21 86.94+0.21° -1.07+0.06° 12.33£0.10° -
F-value 6251.18™ 3946.10" 3510.52" 114.12™
#5p<().01

DRaw material before extrusion.

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

o

b ooty AR AV 21%014 -92.50+15.81 g &
7P wol AT o] M7t S E F4 8] S8
ok 2t o] A Fxol EAietE 3¢l arabinose

9} xylose®] 2717} $2ATS Bal B3 A5 2851
Bapgo] molE Aow HzhEH, xpHA T o] 549
wo ZnEady) gare] HoHo| B e =
Zo7 JE &3 AT E 7}6l LI E| P
oM ALt FAAo] STk ?éﬂr Uﬂ 13'

ARV GEpel] e A fEAEES
E(a%), FAE(b*)2] 32 Table 59F ZEr}.
HEAFES HWELYHE AT H7E 0%0lA
75.63+0.032 7F4 =9z A AT A7FEE 21%0)A]
66.36+0.300. 2 7P GIokth, 2pAztm o] H7bro] St
T Zasiglon 4EAY FAYFEY 48P E

HELF), 24

sz
A Ee HE dEhigit & 59 (LY 93.2490
U A °JE«I HE(L*)= 79.68% ARy o W
E=7F ARG o F9 XA H WL Foshe] whet

BTt as A Oi s &S 2ol df= A S
Aol Bla A% ZAwe TS FA7] WEelztar sttt
(Raymundo et al., 2014). HA=(a*)2} A= (b¥)= A
249 A7V 21%904] 4.29+0.05, 24.96+0.112 78 =t
3 2T FAEE 0%04] 1.05+0.03, 21.23+0.08% 7HE
Sokth 2pd AT o] Hubge] UV E, FEAE T
TET FEFFENA =L S YA 2

A2 A7V 21%0014 25.2440.1982 7HE =
el oL 22 "7HF 0%014 20.27£0.062 7HE
W 2HS YEATE o= AR ko]l FUHES

M 2=
o 7}
T

_ll-ﬂ.l oN tlo lr

2R AT o] Aol froll EAEHE arabinoset xyloseZt-S

F &0l Maillard reaction®]] &S Fo] M=zp7} Ay

g 2o 2 FAETH(Shin er al., 2018).

TS0l K[T2t %&FXI—T—
A2} U}Ek‘)ﬂ uE 2 ¢

EEAA S

e R X R

=

£ Table 69 VRN 4243 PA 2
uth 424 FREAATY FEE

S B Tie e al. (2012)= “‘;'“-?roﬂ x3E &9
3ot FEAF T Bt AE] A Foll o) ofd=E
ARl ofd R @ 20 L3t R Qlste] FE-&aA| TS}
E52A 7 SRR SF3AT

A=A Eo FELATE AR H7FEF 21%) A
10.10£0.23%2 7Hg =2 32 YepAL 2] Y7t
F 0%A 6.5120.24%=Z 7HE 2 32 YeERSH o

Table 6. Water solubility index and water absorption index of
rice extrudates with different levels of psyllium husk

Psyllium husk

2) (o 3)
contents (%) WSIZ (%) WAL (e/g)
0 6.51£0.24%* 7.06+0.16%
. 7 8.45+0.37° 7.57+0.14°
Extrusion b b
14 9.83+0.38 8.36+0.25
21 10.10+0.23* 9.17+0.31*
0 3.40+0.28¢ 1.48+0.03¢
Raw? 7 4.65+0.23" 3.81£0.07°
14 7.00£0.07¢ 5.81+0.22°
21 9.42+0.26° 8.49+0.13°
F-value 275.86™" 612.87™
*H%kp<0.01

YRaw material before extrusion.

IWater solubility index.

SWater absorption index.

“Means with different letters within a column are significantly different
(»<0.05) by Duncan’s multiple range test.
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o] o) e 7= AA e 7P Srtd
E=oHA 2 Y7] el AFAIZel dofAaL A
1 & o} o] Abeo] A o] FE8a A7t
7 Ao R AAFHATHGIl ef al., 2014). FEFAA T
A2 FA7FEF 21%141 9.174031 g/ge 2 7HE =9k
AT A7EF 0%elA 7.06+0.16 /g2 2 7HF Sro}
ARz o] Hrbgol S7HEE ST ol Ay
o] B2 i ERYeR A8 FRFAATTr SR
o AzEn. B3 &Y, B2zl Ay & 37tet
FEFTH0] zoite d7AAE B o gAY T4
oAM= 2T o] F7P R EFAATE wole AL

ALE E TH(Shin ef al., 2018; Raymundo ef al., 2014).
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o2 [H W &
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2A e FHegol] mE 2 EA P =] vAFEE Fig
29} 2t} 2R e FHE 0%l4 W skgo] F7FskAL 7]
¥ A77F A3 BFA S F2E AFT S Ao A
Az o] ghgo] Fristel wet AskE 7|Fe] 2717t
4233 Th Robin ef al. (2012)2 2ol 49 A7 ¢

24P W &85 HEE STMA 71w AL
AT, 2 A3t FEEEe] Bt dastal Bk
© 78k 229 Aol SyHL Stk B B
& 71wl #FE ARdFE SRS ke AL
A 5 dlnk ole FEFTHS thed FEe] S5
Hdo] glow, NgEo] HFLFF 37150] ARlve
W8 AASHATHLn er al, 2000). A& 0.2 23124
o A7 k2P e HEE STMIA AE, AR

SEMHV: 100KV WD: 34.00 mm
SEM MAG: 10 x Det: SE

SEMHV: 100KV | WD: 34.00 mm
SEM MAG: 10 x Det: SE

SEMHV:100KY | WD:3400mm | 1111 ]

SEM MAG: 10 x Det: SE Smm
301 Knu

Fig. 2. Scanning electron micrographs of cross-sections of
extruded rice flour with psyllium husk contents (10x magnifi-
cation): (a) Psyllium husk 0%, (b) Psyllium husk 7%, (c)
Psyllium husk 14%, (d) Psyllium husk 21%.
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