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Determination of the Optimal Mixture Ratio for Extrudates of
Job’s-tear and Wheat Flour by Mixture Design Analysis

Seok-Cheol Cho and Byung-Sun Kang'*

Department of Food and Nutrition, Seowon University
'Department of Eco-Friendly Horticulture, Cheonan Yonam College

Abstract The aim of this study was to identify the optimal ingredient-mixing ratio of Job’s-tear and wheat flour
subjected to extrusion. A modified distance-based mixture design analysis was chosen for the experimental design. The
results showed that the bending failure force, the a-value, and the water absorbtion index (WAI) value had no correlation
with the mixture ratio of Job’s-tear and wheat flour. However, the diameter of the extrudates, the L- and b-values, and
the water solubility index (WSI) value were all found to be correlated to the mixture ratio. While the first three values
were determined using a linear model, the WSI value was determined using a quadratic model. The diameter and color
had an inverse correlation to the mixture ratio: the higher the ratio of Job’s-tear to wheat flour, the lower the diameter
and darker the color. The L- and b-values were found to change in accordance with the mixture ratio of Job’s-tear to
wheat flour. The lowest WSI value was obtained at a 40:60 ratio of Job’s-tear to wheat.

Keywords: Job’s-tear, mixture design, water solubility index (WSI), extrusion, wheat flour

M B
E5-(Coix lachryma-jobiy= 3FE3 ] &3l= 1id 22 o
o wja] Tz XFggo] =, BEE T P
B i g 22 Zow dEA QoM g9
$gslal AEzAEFoR Y A A APom A
SIAH1,2). &= e glolr] Qo)A e, &5 =
gyl okgoz AFFgA, ol=Al, ALA, AFA, &
A o o] Utk LHA glon
A TS AT 22 F Dgre] FEAHE AREE
g3ste HDL-FH2HE 35S S7HA AAHd AZdr}
of #ejditla BIEYTH3). g WAL xd 7)Ao 2HE
slo] WYl FAox g o re Zgsitiy BaEo] IrthA).
o] &3 7tEE e ATLEAME &7 HL Al E
@), €77 22 BA(5), &5 flake A2 7FE =
EX4(6), &7 H7F &9 4
Eg3ets EAMElE o83 A
o] &3] o]

T

o rlm

)
2 Jo 1 o o I

]_

Rl rlo S

=

, 8% ZgzEE 8 4

O

=
=

AL o
2
ox

=
—

2
2L

|

Y

s

oX,
|
o}
o

*Corresponding author: Byung-Sun Kang, Department of Eco-
Friendly Horticulture, Cheonan Yonam College, Cheonan, Chung-
nam 330-709, Korea

Tel: 82-41-580-1063

Fax: 82-41-580-1187

E-mail: dottekang@naver.com

Received June 26, 2013; revised July 31, 2013;

accepted July 31, 2013

473

ATH(10).
EFRE ol Qo THE A
ol ohijeh
o Fol P Yk

Bo) Jue Auy A
XA

o

)

ol
I
o
2,

~~
2.
%
E
o
a
=z,
g
=
IS

oE
2

F=9



474 =2 Z 388 %] A| 45 WA 4 & (2013)

Table 1. Proximate compositions of Job’s-tear powder (% dry
matter basis)

Table 2. Mixture design to extrude the mixture of Job’s-tear
powder and wheat flour

Composition Job’s-tear Wheat
Carbohydrate 65.5£0.26 78.96+0.51
Crude lipid 3.8+0.12 1.46+0.37
Crude protein 16.5+0.05 8.90+0.38
Crude Ash 3.6+0.11 0.48+0.08
Moisture 12.8+0.57 9.30+0.41

R
M=

SR A7 AddA FYste] =A% & 235k
600 pm ©]3ke] Z& ARSI o™ URkE AJE-2 Table 13} ot
U7 E Uyt ¥ (Dachan Flour Mills Co., Seoul, Korea)S

AlFollA skl ARg-skit

1o o

EMEHEA

2 Aol AMEg 4EEE X AA A A9s s
3 A= A=4E7)(THK3IT, Incheon Machinery Co., Incheon,
Korea)24 2~aF= ¢ 2EHF oM, 235F 4742 31.0 mm,
L/D H]&2 20, =¥ 32 7.5 HPo|Ut} Barrel> /M= 743
Hol don, B FFL 3.0mmelAt) UF Y x5
AEFY7IY A5 2379 3 25 243te] 0.075 kg/min
2 4R8It 98 FESF - 205%E AR SRS 2
Adste] Dgate] 24A7F WA T A barrel®] AFYTE FYSH
Ak &7 AEFF IFE vAE AR HFE ol
AU S Tt dEAHYLEE 37N barrel?] 25 125°CE
IAAIZL F barrel screw speedE 290 rpmI}t AlFQ] FEIHS
20.5%2 A AT

Mo 1

N
ey

|
=

AEMYEo 24 &Y

AEAdFE2] bending force 72 rheometer (Sun Scientific
Co., CD-200D, Tokyo, Japan)Z &It} 9589 YEAHIES
6cm= Aee & 7Zh7e] Alge] AAAS FAT ¥, cross-head
speed 200 mm= AGIELFEE AT

A4 98t waring blendor (Dynamic Corp.,
USA)Z 600 um ©]3ke] 7F2E 2243k 3 Ax}A| (Color Techno
System Co., JC-801, Tokyo, Japan)Z L, a, b3S =434t}

TEETXT(WANRE T=2Z3HX]3=(WSI)
FELE|AH(WSHE Anderson(14)2] WHol 2sle] 27431
ok 243 AR 259 B 30mLE 71sle] £33 & AL(25°C)
o] A 308 ¥ 3,000 rpmolA 1587+ LA EFSATE G5
10mLE #3fe] A 22

2 F 105°CollA A7 B A
Z&to] 1PRITS =3 T WSIS U How AAsIT
s He3 2 o2 AYE Buo) ¥IE 2 ek

3 Design Expert (Stat-Easy Co., Mineapolis, MN, USA)E ©]|-&

Actual factor level
Job’s-tear  Wheat Water

RunNo. jobs-tear  Wheat (%) (%) (%)
(%) (%)
1 40.0 60.0 46.37 33.13 20.50
2 75.0 25.0 41.46 38.09 20.45
3 57.5 42.5 60.12 19.38 20.50
4 5.0 95.0 32.09 47.36 20.55
5 5.0 95.0 4.10 75.40 20.50
6 22.5 77.5 3245 47.05 20.50
7 40.0 60.0 18.13 61.40 2047
8 75.0 25.0 18.19 61.31 20.50
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Table 3. Texture analysis for the extruded cereal made from mixture of Job’s-tear powder and wheat flour at screw speed 290 rpm,

moisture content 20.5% and barrel temperature 125°C

RunNo, DBending failure  Diameter  Water solubility index  Water absorption index Color
force (g) (mm) (WSD) (WAI) L* a* b
1 1258.59+341.23  11.42+0.94 10.31+1.11 2.75+0.42 73.51+0.21 1.02+0.11 17.65+0.50
2 1272.03+£270.14 6.68+0.51 30.62+3.12 2.20+0.32 74.90£0.15 1.13+£0.09 16.55+0.37
3 920.24+126.87 9.57+0.87 23.21+5.40 2.1940.53 72.42+0.21 1.49+0.13 18.58+0.48
4 1128.47+201.43  11.47+0.60 24.55+5.32 2.06+0.29 77.84+0.19 1.37+£0.20 19.31+0.23
5 1157.43+222.24  11.55+0.72 25.7445.40 2.09+0.47 78.16+0.25 1.53+0.18 19.42+0.85
6 818.82+160.48 9.60+0.52 12.54+0.52 1.95+0.31 77.42+0.30 1.57£0.22 18.43+0.73
7 720.51+124.79 9.51+0.69 13.54+0.61 1.66+0.28 75.79+0.14 1.75+£0.26 18.55+0.64
8 907.65+186.28 7.57+0.43 33.68+4.06 1.78+0.15 72.73+£0.22 1.77+£0.14 17.64+0.58
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Table 4. Probability and correlation coefficient of linear and
quadratic model for the physical properties of extruded Job’s-
tear, wheat and water mixture by modified distance design

Physical properties =~ Model Prob>F R? Lack of fit
Bending failure Linear 0911 0.0023 0.43
force (g Quadratic 0.339 0.1845 0.26
Diamet. Linear 0.006 0.7384 1.73
ameter (M) odratic 0289 0.7958 170
Linear 0.956 0.0005 0.11
WAI .

Quadratic 0.676 0.0383 0.10
WSl Linear 0.331 0.1570 14.07
Quadratic 0.001 0.9295 3.78

L Linear 0.009 0.6981 1.27
Quadratic 0.278 0.7670 1.13

Linear 0.950 0.0007 0.05

a Quadratic 0997  0.0014 0.07

b Linear 0.009 0.6984 0.90
Quadratic 0.975 0.6984 1.36

WSI: water solubility index, WAI: water absorption index
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Fig. 1. Trace plots of two component mix.
Table 5. Analysis of predicted model equation for the quality characteristics of Job’s-tear and wheat mixture
Response Model Pseudo components Actual components
Diameter (mm) Linear =7.72A +11.62B Y=0.063246xA +0.11902xB
WSI Quadratic =33.09A +24.49B - 64.10AB Y=0.67229A + 0.28780B - 0.013082AB
L Linear =72.93A +77.76B Y=0.71206xA + 0.78107xB
b Linear =17.27A + 19.26B Y=0.16565%A + 0.19400xB
A: Job’s-tear, B: Wheat flour
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