J Korean Soc Food Sci Nutr
41(11), 1603~ 1610(2012)

HEREL DR
http://dx.doi.org/10.3746/jkfn.2012.41.11.1603

TR ME 57 gEdy=e =28 &4 Hlu

Effects of Moisture Content on Physical Properties of Extruded Cereal Flours
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Abstract

The effects of moisture content on the physical properties of cereal extrudates were investigated. Cereal flours
(rice, wheat, corn, barley, and oat) were extruded at a barrel temperature of 130°C, feed rate of 120 g/min, and
various moisture contents (20, 22.5, 25, 27.5, and 30%). Proximate content, expansion index, specific length,
bulk density, breaking strength, apparent elastic modulus, water absorption index (WAI), water solubility index
(WSI), specific mechanical energy (SME) input, paste viscosity, and color values were analyzed. Expansion
ratio of extruded corn flour was higher than that of other extrudates at low moisture content. Bulk density,
specific length, and elastic modulus in all cereals decreased with an increase in moisture content. The WAI
increased with an increase in moisture content, whereas WSI decreased. SME input of extruded corn flour was
higher than those of other cereal flours at lower moisture content, whereas that of oat flour extrudate was
lower than those of other cereals at higher moisture content. Lightness of extruded rice flour was lighter than
those of other cereals while that of extruded barley flour was darker.
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SME input= (E—Eg) (1)
Pr

E: Electric power when input to material (k]/s)
Eo: Electric power when idling (kJ/s)
Pr: Production rate (kg/s)
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Se: Cross—sectional area of extrudate
Sq¢: Cross—sectional area of die hole

Length of extrudate (cm)

Specific length (cm/g)= Weight of extruate (g)
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Table 1. Proximate component of cereal flours
Composition (%) Rice flour Wheat flour Corn flour Barley flour Oat flour
Moisture contents 9.17+0.24 12.52+0.11 10.44+0.18 7.83%+0.10 9.35+0.03
Crude ash 2.18+0.40 5.74+0.79 2.58+0.83 10.01 +£0.21 7.08+0.71
Crude fat 0.53+0.04 1.04+0.05 0.94+0.02 2.52+0.05 7.20+0.10
Crude protein 6.78+0.13 9.70+0.06 7.48+0.08 12.03+0.23 12.00+0.33
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Forward paddle
4. Reverse screw element

L/D ratio: 24 :1
¢: 32 cm

Fig. 1. Screw configuration used in this experiment (Model THK31T).
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pe: Bulk density of extrudate

pm: Bulk density of millet

M: Mass of extrudate

Moy Mass of millet in cup

M;i: Mass of extrudate and millet in cup
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E.ppt Apparent elastic modulus

dF/dl: Slope of the linear section of the force-distance
curve

D: Diameter of extrudate

d: Distance between two supports
FbS:Fs/ S (6)

F¢& Maximum stress of extrudate
S: Cross—sectional area of extrudate
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Fig. 2. RVA temperature profile and pasting parameters.
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Fig. 3. Effect of moisture content on SME input during ex—
trusion of cereal flours.
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Table 2. Physical properties of extruded cereal flour at different moisture content

Extrusion Moisture Expansion Specific length Bulk density Breaking strength Elastic modulus
materials content (%) ratio (cm/g) (g/cm®) (N/cm?) (N/cm?)
20.0 2.85+0.26 67.37+1.88 0.22+0.01 16.75+1.59 766.E+03
225 2.50£0.21 63.44+3.13 0.27+0.01 22.33+1.46 6.19.E+03
Rice 25.0 2.30+0.40 64.02+2.21 0.37+0.01 29.84+0.94 3.80.E+03
275 1.98+0.30 73.64+2.20 0.38+0.03 30.45+2.52 1.97.E+03
30.0 1.93+0.30 81.21+4.39 0.38+0.06 35.16+2.97 1.84.E+03
20.0 3.16+0.27 90.69+1.79 0.14+0.01 15.67+1.41 5.81.E+03
225 2.58+0.27 79.22+1.63 0.22+0.01 35.41+0.58 4.02.E+03
Wheat 25.0 2.33+0.27 69.71+1.34 0.30+0.01 51.17+1.38 3.73.E+03
275 2.271+0.17 64.37+2.04 0.32+0.01 35.41+3.44 5.08E+03
30.0 2.18+0.23 70.61+2.08 0.38+0.05 27.21+2.08 3.09.E+03
20.0 3.55+0.45 66.10+2.91 0.17+0.01 13.22+0.42 1.60.E+07
22.5 3.02+0.49 63.01+2.32 0.20+0.01 21.29+1.18 8.62.E+06
Corn 25.0 2.57+0.41 63.61+2.50 0.32+0.02 28.36+2.16 9.33.E+06
215 2.18+0.18 66.55+2.23 0.37+0.01 4550+5.23 4.37.E+06
30.0 2.02+0.26 75.48+1.88 0.41+0.01 52.68+1.87 2.98.E+06
20.0 2.21+0.19 82.58+1.58 0.35+0.08 21.57+1.77 2.01.E+06
225 1.97+0.14 82.09+2.14 0.41+0.04 30.67+0.49 1.32.E+06
Barley 25.0 1.87+0.30 79.29+2.73 0.44+0.01 43.88+1.00 2.17.E+06
275 1.83+0.12 82.27+2.35 0.44+0.03 31.48+0.91 1.59.E+06
30.0 1.76+0.15 83.26 £2.49 0.42+0.01 30.49+2.26 1.33.E+06
20.0 1.62+0.20 100.80+1.04 0.47+0.02 43.96+1.67 491.E+05
22.5 1.51+0.18 96.87+0.67 054+0.02 61.66+3.66 444E+05
Oat 25.0 1.51+0.17 94.78+2.10 0.54+0.01 62.62+3.09 5.69.E+05
2715 1.51+0.16 96.67+2.21 0.53+0.01 57.43+3.36 6.07.E+05
30.0 1.51+0.19 97.46+2.41 0.54+0.04 52.42+1.68 744 E+05




Ao 2 FAHEHATE Ryust Lee(19)0] oJshd v 5]
A= A7t & o]FojA &= v FEFF 28%Y o
qolgo] At Avte A gA e A0 A
o] FEFHo] FoldTE 4EAF Y WHE2Y HAY
Ao gk 50| d&ate] o] opA s}
tha ®

(=)

o
o,
M

o
o

H

Q‘L

o 3

o 1t
g%
w_[y\iﬁ

-

iz}
b
rr
&
et
4
o
olN
e
_o|£
fr
o,
)
tlo
e
32
fr

=

M

ofy

5

M

o F

o o
@ o5 X
o, j'_],

2le] Y7} 054+004 g/em’
20%d o "R dxvt
A 245t Mariotti 5(11)
! (common, emmer, buck), X 2]
£ o] &3t BEE ANAE W
CEl ol SEET 20%Y
o vlgol7t 744 = A e
Afr«l 14 o]7} 63.01+

fru
N
o
i
X2
[o
=)

oN Mz M2 oy

1

(=)

—

I\

I+

S

w 2
o & oo
S

Sv—

o

1o ¢
o
1:1>*1\:

2 g

k]
rlo
k1
Loy
[ -
nmfﬂ

{o, o
i
i)
o,
{4
ﬁ,
o
b4t
vk

o, 1o
S5 mE R
Sy T

C 2
=
(0]
[«
I+
E
(@}

=
o
fu

X

A
}oL

D4 %J%k 22.5%%
7% cm/g.‘li N A 2R
2 otz P Eo] AA Jgg}y_q
04 133_1_1,:_9}. vl Zdol7} F7)sta k)
s}t dojur] wjZe o] “@ﬁ}i‘jr A7 337} o] Fof
A 23RS A2 FAS AT Ryut Lee(19), Barrett
¢} Peleg(15), Hagenimana 5 (20)°] 9|3} =9 &S
9o SRS GEAFY S Y-S W 7ol 23 A
o

= T T%
° 71E9 FFo] FaHAN FEF
)

o
4
=

W
>Q_l

]i_g_
=

o] S7t= s}

o=
ru“ Xl
W
N
> o
.?l_!‘
OE

ofr

PEHFEY 73] FE FLE A FEHFEC] 44
FZo| Ho Hrrt Ssthe 2ol dX s

AR7) @A ¢} vy Batey A 7T FEo
FFS wom FEAFEY FAS AAsted Fastd
Q). FEAY AYUNFEE A 9, E, 54, B7LF
o] 2R7] @A S SR T wet ashe
AFS BAh FEIE 20%Y w 2R GAASFI 2
cANE Ud

S S44> WS> W> AE> B £o2
30%Y W S£5> B> > U>
) SR Yelgt SRS S/ mE 21|
Ao Z eyt dudEs REE
3ol Z7gel el Frtst
20%Y w AHF=E v
w2 16754159 N/em?, @ 1567+1.41 N/em?, $54
13.22+0.42 N/em®, B8] 21.57+1.77 N/em®, #g] 4396+
167 N/em®® YERGIL, 583 30%Y o) w14 3516+297
N/em®, 8 27.21+2.08 N/em®, $44 52.68+1.87 N/em’,
12] 3049+2.26 N/em’, A8 43.96+1.71 N/em*2 2] <
AAA=7 7 E=dor, W] Adajder) 71 2
AE AT = Ak 2 A A5 AaA =] H
ﬁm az] %}% AE & F AUk

CEBIETE

i

CRLIE 1607

S715bel whet 27) @A SThehe
Ng(3)9] Bao] 2w S35 M2 E GE4Y S 1)
H7AE ol FQ gl ¥e4s %Y £
ZEEIRE RN

9] Astel] met FRAFE G2 S

% h
o2 Hol SR 20%Y u Hago] /M =gow, H
Aole FEgFo] TUH wet AT dEe ST
ke AeS Rtk 2RV gAAS B Ee A S5
o A FEEF] TS 2RV @8ASE A
stal Bt ge Frkstglon, 9, Be, Age FElg Wl
€ $le 2102 Kol Table 19] 959 IR & AW
Fo} erpskE g Afol& ety fEAAE TS
F AL F Al HTL
TESEX|T 26X
FEFF] st HEAY FHRIIRY FRIFHAAT
FEEHA G vXe YIS Fig. 4, 5 242 Blasiiot.
FETE 20%d W FEALAY AR FEEINASFE
B265%E & FEPE FF7HF vsl 7P A e
on #Er?é}ak 20%Y W 4EAY AT FELA
Fe 1173%ZE 2 4EA8E FH7EFA vl 7 2A
SAHEAY. REEY HEAY FFIREI FESF) F
7V&a4E A3 Aaste FESH 30%Y W 20%Y W
40 —&— Rice -#- Wheat
—&-Com  -e-Barley

-0 Oat

Moisture content (%)

Fig. 4. Effect of moisture content on water solubility index
during extrusion of cereal flours.
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Fig. 5. Effect of moisture content on water absorption index
during extrusion process of cereal flours.
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HEE Table 37 20} 98 = A712e JuHE, 227 Hadve A7 Aok dA AL, Svihus 5242 AR
AHE, HAFHE, ﬂi;g 7t o2 g v =4 54 dxpef AE2 WA G Gl A HEdE - fle
HAoy FEAHFITAH F o2 80 vE HEvt 2 A2 5o 3387} A2 EEH il S8t 53t
Z2ARAEJ 28 Y59 IR E 2557 496 = 50~70°C AlolellA] Y= 3P-Fo A2 HAEYA
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Table 3. Paste viscosity of cereal flour and extruded cereal flour at different moisture content
. - D
Extrusion materials Moisture content (%) Paste viscosity (cP)
PV TV BV FV SV PT
20.0 7.67 1.04 7.67 5.14 6.13 4.60
22.5 5.59 -1.75 6.34 5.36 7.00 3.10
. 25.0 3.42 -1.75 5.17 4.47 417 3.62
Rice 275 12.14 2.00 10.14 12.69 10.70 411
30.0 8.25 -1.75 10.00 10.25 10.25 454
Raw 4522 2099 3953 3953 1854 5.49
20.0 23.42 -2.33 24.25 10.14 12.47 2.56
225 24.29 2.25 21.67 17.22 16.50 3.31
25.0 25.25 5.42 19.97 25.63 19.53 4.20
Wheat 275 27.46 5.30 21.42 27.08 24.33 5.36
30.0 23.42 -2.33 23.42 28.34 30.14 6.25
Raw 2746 1486 1260 2760 1274 5.71
20.0 9.25 -2.33 11.58 7.67 10.00 3.38
22.5 10.80 1.25 9.55 18.34 17.09 471
25.0 6.21 -2.33 9.42 14.88 17.83 4.69
Corn 275 10.17 -2.33 9.67 21.13 22.56 5.54
30.0 5.19 411 1.08 40.25 36.14 6.62
Raw 1868 1397 3406 3406 2010 4.96
20.0 13.14 -1.83 14.97 17.17 19.00 5.91
22.5 16.11 -1.83 17.94 23.14 2497 6.22
25.0 17.25 1.72 15.53 30.03 28.31 6.49
Barley 275 23.34 255 20.69 36.55 34.25 6.67
30.0 21.92 5.63 16.28 4492 37.53 6.84
Raw 2308 1400 2869 2869 1469 5.86
20.0 26.25 -2.33 24.41 21.42 21.22 6.50
22.5 30.04 4.94 26.42 27.47 22.56 6.62
25.0 31.61 -1.42 31.19 26.33 25.92 6.80
Oat 275 38.30 1.25 34.00 32.72 28.41 6.91
30.0 28.22 0.97 27.25 29.17 28.19 6.87
Raw 2456 1843 613 3412 1569 5.69

1)PV, peak viscosity; TV, trough viscosity; BV, breakdown viscosity; FV, final viscosity; SV, setback viscosity; PT, peak time (min).
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Table 4. Change in color value of cereal flour and extruded cereal flour at different moisture content

Extrudate materials  Moisture content (%) L a b AE
20.0 85.82+0.07 -1.29+0.01 13.58+0.03 12.33+0.04
225 85.48+0.87 -1.52+0.01 11.37+0.17 11.08 +£0.56
. 25.0 86.26+0.15 -1.55+0.02 10.87+0.03 10.17+0.10
Rice 275 87.22+0.02 -1.41+0.03 10.32+0.02 9.07+0.02
30.0 86.15+0.01 -1.53+0.01 12.49+0.01 11.33+0.01
Raw 94.14+0.02 -0.62+0.10 451+0.13
20.0 81.90+0.02 -2.20+0.02 9.22+0.03 12.28+0.02
22.5 75.81+0.25 -2.06+0.02 6.68+0.09 18.15+0.25
25.0 76.81+0.11 -2.22+0.01 7.43£0.04 17.16+0.11
Wheat 275 80.34+0.26 -2.62+0.09 10.43+0.03 14.10+0.25
30.0 82.00+0.03 -2.52+0.02 11.31+0.01 12.77+0.04
Raw 93.94+0.36 -1.12+0.05 7.00+0.05
20.0 82.41+0.01 -3.08+0.02 44.35+0.01 10.42+0.01
225 82.06+0.14 -2.93+0.03 42.80+0.12 9.30+0.02
25.0 82.40+0.18 -3.08+0.03 43.60+0.05 9.79+0.09
Corn 275 82.78+0.07 -2.79+0.03 42.82+0.24 8.89+0.24
30.0 82.82+0.01 -2.71+0.05 41.05+0.01 7.45+0.01
Raw 87.53+0.19 -1.33+0.03 35.45+0.37
20.0 65.31+0.01 2.38+0.03 17.68+0.01 20.30+0.01
225 65.78+0.02 2.37+0.01 17.13+0.01 22.66+0.02
25.0 66.31+0.02 2.88+0.01 16.91+0.01 22.13+0.01
Barley 275 68.60+0.01 2.71+0.01 17.68+0.01 20.38+0.01
30.0 66.83+0.02 2.51+0.01 16.49+0.02 21.46+0.02
Raw 86.60+0.03 0.80+0.04 8.32+0.10
20.0 72.02+0.01 1.59+0.03 19.46+0.01 17.88+0.00
225 70.63+0.01 1.78+0.01 18.40+0.01 18.45+0.01
25.0 71.30+0.01 1.48+0.01 18.47+0.01 17.90+0.01
Oat 275 71.55+0.02 1.06+0.01 17.42+0.01 17.12+0.01
30.0 73.28+0.01 0.75+0.01 14.84+0.02 14.38+0.00
Raw 86.31+0.40 0.55+0.10 8.76+0.70
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