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Optimization for Extrusion-Cooking of Rice-ISP-File
Fish Mixture by Response Surface Methodology

Chan Lee

Dept. of Food and Biotechnology, Hanseo University, Chungnam 356-706, Korea

Abstract

Effects of raw material composition, feed moisture and process temperature on chemical, physical and
sensory properties of extrudates produced by a single-screw extruder from the mixtures of rice flour, isolated
soy protein and file fish were evaluated through response surface methodology (RSM). Nitrogen solubility
index (NSI), integrity index (II), rehydration ratio (RR), density, and the external appearance were measured
as indices of physicochemical and sensory properties of extrudates. RR was negatively correlated with density
(R=-0.742, p<0.01). Increased amounts of rice flour in feed mixtures resulted in increased RR. The extrudate
prepared from the mixtures of ISP, rice flour and file fish showed the highest sensory score at which extrusion

temperature was 130°C or above.
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Table 1. Proximate compositions of raw materials
Protein  Crude Carbo-

Raw Moisture

material (%) (%) lipid  hydrate Ash
Rice flour 115 75 0.6 79.8 0.6
IspY 55 90.0 05 0.2 3.8
File fish 78.3 19.7 05 - 15
YIsolated SOy protein.
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Table 2. Variables and their levels for central composite
design

Coded~-variable levels
-2 -1 0 1 2
Rice flour content (%) X 0 10 20 30 40

Die temperature (°C) Xy 70 90 110 130 150
Feed moisture (%) X3 15 20 25 30 35

Independent variables Symbols
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Table 3. Central

2

composite design arrangement and responses

Run Variable levels Responses
X4 X2 X3 Y1 Yo Ys Y4 Ys
1 -1 -1 -1 0.12 0.02 275 0.66 1.2
2 -1 -1 1 0.23 0.43 271 0.62 2.0
3 -1 -1 -1 0.32 0.22 293 0.61 44
4 -1 -1 1 0.35 0.60 263 0.60 73
5 1 -1 -1 0.26 0.29 237 0.80 14
6 1 -1 1 0.48 0.39 259 0.70 31
7 1 1 -1 0.45 0.34 537 0.27 6.3
8 1 1 1 021 0.47 405 0.39 9.2
9 0 0 0 0.58 0.71 342 0.62 42
10 0 0 0 0.44 054 315 0.52 3.7
11 -2 0 0 0.32 0.27 268 0.53 4.7
12 2 0 0 0.12 0.04 283 0.58 36
13 0 -2 0 0.50 1.74 395 0.34 10.3
14 0 2 0 0.68 0.48 277 0.58 1.0
15 0 0 -2 0.45 0.57 248 0.71 39
16 0 0 2 0.22 0.74 438 0.30 48
Mean 0.36 0.49

Yi: NSI (nitrogen

Table 4. Correlation matrix between dependent variables of
extrudate

solubility index), Y2: II (integrity index), Ys: RR (rehydration ratio), Y« Density, Ys Sensory anaysis.

Table 5. Significance of terms in response surface analysis
for graphic three dimension

Dependent o RR  DE SA
variables
NSI 0440° 0017 0075 0018
1 0285 0290 0489
RR 0742”0507
DE 059"
SA .

NSI: Nitrogen solubility Index, II: Integrity index,
RR: Rehydration ratio, DE: Density, SA: Sensory analysis.
"p<0.05, "p<0.01, *"p<0.001.

Z&uisEo| st Sgssge 48
Table 55 27}F3ske] 10~30%, EETF257} 90~
130°C, s=¥-3heko] 10~30%2] #H e UlolA SgaEol 2}
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Process variable Dependant variables

terms NSI (Y1) II (Y2) RR (Y3) DE (Ys) SA (Ys)
Linear:
Rice flour *k ®k ns ns ns
content (X;)
Die temp (Xz) ns ns ns ns ns
Feed
moisture (Xs) * ns ns ns ns
Quadratic:
Rice? (X9 ok *kok ns ns ns
Temp® (X)) * * ns ns ns
MC? (X)) ns ns ns ns ns
Crossproduct:
Rice -Temp (X1-X2) ns ns *¥ ok ns
Rice -MC (X -X3) ns ns ns ns ns
Temp -MC (Xz:X3)  ns ns ns ns ns
# of significant
terms: Max 9 4 3 1 1 0

ns, not significant.

“Significant at 5%, ~Significant at 1%, “"Significant at 0.1%.
NSI: Nitrogen solubility index, II' Integrity index,

RR: Rehydration ratio, DE: Density, SA: Sensory analysis.

Y1 = - 4.747"+0.130X;™ - 0.062X, +0.289X5"
- 0.002X:%** +0.0003X2> - 0.004X 5"
- 0.0003X;X3 - 0.0004X;X3 - 0.0007X2Xs3
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Fig. 1. Response surface plots of nitrogen solubility index in texturized extrudate.
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Fig. 2. Response surface plots of integrity index in texturized extrudate.
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Fig. 3. Response surface plots of rehydration ratio in texturized extrudate.
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Fig. 4. Response surface plots of density in texturized extrudate.
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Fig. 5. Response surface plots of sensory analysis in texturized extrudate.

At B7FEgEo) Fo1gtel w2t AR Astgo] Fo)
3w AR AFFE] e 2 Ues)t i
&t7] o Eolch(Fig. 4). sMAIT £ Aol = HEof oigh
A4 o4 R)e] 0500022 v 2d Yo AR B
252 vt frojie] & AHF 7] st FrHA
Aol Fosiris A=t

Y4 = 1676-+0.018X,; +0.010X3+0.074X;3
+0.001X,% ~ 0.00007X2"+0.001X37 - 0.001X: X5

P

e 3R

+0.0002X: X3+ 0.0003XX3
BSUA
5 £38Y B57A 20 B0l Stz tEA
9 223 AEE Hrlsle W Fig. 5el4] B.-50]
EETF2xe} igefo] F71SE vlusle 2237]
71 vk grhR3eke] Frlshe Aol 22371 ¥)

Aste] Zrhahe Aol ehbA]

Sob BEAAE vwA ¥

0.489)7F K EH o] & ZARAR AL AR 02 27

ol AEE Arlehe Ax 5

et BAAPol & Agold Adages o
9

+ Az 42 ¢ gloh oA Akl A FAA

rlo 50
30
£
&
¢ )
P
2

N
23
>
>
X

Ys = - 0.396+0.056X; - 0.505X2+0.4238X3
- 0.006X,% - 0.002X4° - 0.016X5” +0.002X; Xz
+0.003X: X3+ 0.004X2X3

(@] ok
el =

|oio] o] &8 thofslslr] $lste RejoFabya) 2
Arhetel 92 EFE) FEFLE 20~0%2 =
AF AEAYE olbste] GEAYoR
Az3t7] 93 AP L sl os Agg
18 EFE FEFH) 4EHYEY
/}j|

Aol Pl A e HeEUR

o

N

N
oo :{E A
j?—"‘ _{q. mlm
AU
A
>

)
=
L
g fe

i}

I
e
-l
rfo
r{o

p
2,
to to & n

;
@ bR 2 Bojw
)
A
o
=
j=s]
1
S
3
S
)
s
=
32
v
34
rO
2l
l..O

5

<)
5]
X
o N2

3 &

X
S

i

olN
N
N
o
4, o 1L
g
N
N
e
ok
ot
A
ol o
N
)
o

2 3 Ny

ox
> o

-

Y o g O o mn o BNowd
fr o
o olo
T

>
-
%
i

g
o
o %
it o

N

13RARA 79} 214 sl 4R A (<001,
ng vu 2450 AT g Yrlste
gt Ao 2 ZFE et e FsgdAlel A)
EF89 AR BA (p<0.01, R=0507)8} L Eo}eo] AFtatA
(p<0.001, R=-05%)7} 2 vl EA vehdos h&F
Aol BEEFe] 2271 130°C o|AtellA HA e 437}
HA =t

ot
o

o,
» of <

o

sl

Mo

1. Suzuki T, Kanna K, Okazak E, Morita N. 1978. Manufacture
of meat-textured fish protein concentrate from various
fishes. Bull of the Japanese Sci Fish 44: 1275-1281.

2. Hevia P, Whitaker JR, Olcott HS. 1976. Solubilization of a
fish protein concentrate with proteolytic enzyme. J Agric
Food Chem 24: 383-385.



10.

11.

12.

13.

14.

15.

AL EAEAE o] 89 Bl ek Ao] TR F2HY HAN

. Chen L, Richardson T, Amundson CH. 1975. Some func-

tional properties of succinylated proteins from fish protein
concentrate. J Milk Food Technol 38: 89-93.

. Miller R, Groninger HS. 1976. Functional properties of en-

zyme modified acylated fish protein derivatives. J Food Sci
42: 268-272.

. Bhumiratana S, Hill Jr CG, Amundson CH. 1977. Enzymatic

solubilization of fish protein concentrate in membrane reac-
tion. J Food Sci 42: 1016-1019.

. Lee BH. 1982. Drying characteristics of filefish fillet. Ko-

rean J Nutr Food 11. 37-43.

. Lee EH, Kim HY. 1982. Processing conditions and quality

stability during storage of frozen-dried filefish. Bull Kore-
an Fish Soc 15 111-116.

. Yang HC, Son HS, Lim ST. 1983. Studies on the preparation

and utilization of filefish protein concentrate I. The prepara-
tion and properties. Korean J Food Sci Technol 15: 141-149.

. Yang HC, Son HS, Lim ST. 1983. Studies on the preparation

and utilization of filefish protein concentrate (FPC) II. The
effect of processing conditions on the functional properties.
Korean ] Food Sci Technol 15. 252-261.

Yang HC, Yang BH, Lim MH. 1983. Studies on the prepa-
ration and utilization of filefish protein concentrate (FPC)
III. The preparation and characteristics of dried noodle using
FPC-wheat composite flour. Korean J Food Sci Technol 15:
262-268.

Yang HC, Lim W], Paik SY. 1983. Studies on the prepa-
ration and utilization of filefish protein concentrate (FPC)
1V. The preparation and characteristics of bread using FPC-
wheat composite flour. Korean J Food Sci Technol 15: 269-276.
Feldberg C. 1969. Extruded starch-based snacks. Cereal
Science Today 14. 211-214.

Cabrera ], Zapata LE, Buckle TSde, Ben-Gera I, Sandoval
AMde, Shomer 1. 1979. Production of textured vegetable
protein from cottonseed flours. J Food Sci 44 826-830.
Puski G, Konwinski AH. 1976. Process of making a soy-
based meat substitute. US Patent 3,950,564.

Van Zuilichem D], Stolp W. 1987. Survey of the present
extrusion cooking techniques in the food and confectionery
industry. In Extrusion Technology for the Food Industry.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

1747

O’connor C, ed. Elsevier Applied Science, London and New
York. p 1.

Cheftel JC, Kitagawa M, Queguiner C. 1992. New protein
texturization process by extrusion cooking at high moisture
levels. Food Reviews International 8: 235-275.

Park J, Rhee KS, Kim BK, Rhee KC. 1993. Single-screw
extrusion of defatted soy flour, corn starch and raw beef
blends. J Food Sci 58 9-20.

Han O, Park YH, Lee SH, Lee HY, Min BL. 1989. The tex-
turization properties of textured extrudate made by a
mixture of rice flour and isolated soybean protein. Korean
J Food Sci Technol 21: 780-786.

Carballo J, Barreto G, Colmenero FJ. 1995. Starch and egg
white influence on properties of bologna sausage as related
to fat content. J Food Sci 60: 673-677.

Penna ALB, Baruffaldi R, Oliveira MN. 1997. Optimization
of yogurt production using demineralized whey. J Food Sci
62: 846-850.

Wu YE, Baek HH, Gerard PD, Cadwallader KR. 2000. De-
velopment of a meat-like process flavoring from soybean-
based enzyme-hydrolyzed vegetable protein (E-HVP). J
Food Sci 65: 1220-1227.

Shodio OA, Tercero EJ, Coutaz R, Martinez E. 2002. Opti-
mizing processing conditions for milk coagulation using the
hot wire method and response surface methodology. J Food
Sci 67: 1097-1102.

AOQAC. 1970. Official Methods of Analysis. 11th ed. Asso-
ciation of official analytical chemists, Washington, DC.
Cochran WG, Cox GM. 1957. Experimental Design. John
Wiley and Sons, New York.

SAS. 1985. SAS User’s Guide: Statistics. Version 5 ed.
SAS Institute Inc., Cary, NC.

Smith AK, Circle S]J. 1978. Soybeans - Chemistry and Tech-
nology. AVI Publishing Co., Westport, CT.

Breene WM. 1977. Problems in determining textural prop-
erties of textured plant protein products. Food Technol 31:
95-99.

Meilgaard M, Civille GV, Carr BT. 1987. Sensory Eval-
uation Techniques. CRC Press, Inc., Boca Raton, FL. Vol 1I.

20040 9% 11¥ A= 20049 129 3¢ H =)



