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Abstract

This study was conducted to develop new snack foods through extrusion puffing of rice flour—defatted
soy flour—-squid blends. With a single-screw laboratory extruder used, it was determined that 15.7% feed
(raw material mixture) moisture and 160°C extruder cooking-zone temperature would yield extrudates
with relatively low shear—force and high expansion ratio, when incorporating squid as freeze—dried powder.
Final test extrudates were produced under the aforementioned extrusion condition, using either finely
comminuted raw (nondehydrated) squid or freeze-dried squid in feed formulation. The squid form had
no significant effect on product shear-force, whereas expansion ratio was greater when raw squid was
used. Consumer hedonic sensory scores for appearance, flavor and overall palatability were higher for
extrudates from feed with raw squid. This study has demonstrated that high-protein snacks can be produced
through extrusion puffing of rice flour with squid and defatted soy flour.
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Table 1. Experimental design for the first RSM experiment

Coded level of

. . Actual level
Run no. extrusion variable
X,V X Moisture Temperature

Factorial portion

1 -1 ~1 255 160

2 1 -1 285 160

3 -1 1 255 180

4 1 1 285 180
Star portion

5 1.68 0 295 170

6 -1.68 0 245 170

7 0 168 27.0 187

8 0 -168 27.0 153
Center portion

9 0 0 270 170

10 0 0 27.0 170

1 0 0 270 170

12 0 0 270 170

13 0 0 27.0 170

X, = Feed moisture (%).
?X, = Process temperature (°C).
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Table 2. Experimental design for the second RSM exper-
iment

Coded level of

Actual level

Run no. extrusion variable
X" X2 Moisture Temperature
Factorial portion
1 -1 -1 140 135
2 1 -1 20.0 135
3 -1 1 14.0 165
4 1 1 20.0 165
Star portion
5 2 0 23.0 150
6 -2 0 110 150
7 0 2 17.0 180
8 0 -2 17.0 120
Center portion
9 0 0 170 150
10 0 0 17.0 150
11 0 0 17.0 150
12 0 0 170 150
13 0 0 17.0 150

VX, = Feed moisture (%).
2%, = Process temperature (°C).
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bender Instruments, Inc., South Hackensack, NJ, USA)
£ alg-sle 42 A3t e, screw X+ 170 rpm,
Z2 M99 2%+ 120~ 187°Coll A 255 9lo}. Diew
7o) 3175 mmal A& AHE-shedch A 2417hE<t
4%&71% warm-up & F Esch

HEMY # 28

Z A8 F 242 Wl 60°CS] Lol 84
A7) ¥, Ziploc freezer bagsell go] H¥shed,

L
)

Axel BRSRAA 2A ) ALgshedch BEAAE AE
& vl oA Wb $H o2 WO R SubEel WEA R
F Agsisich,

HEZEEY

Lot

A8 9 AFY I AFFL A2E47)(CHNS-0;
CE Instruments, Rodano-Milan, Italy) & Nitrogen$ &
Asled 6255 F3l A AlAretR on, 25 A4
2 38232 AOACH (1922 SR stgr) =B 84
& AES 33 ubgstgch HAFTAFE obnl At
Ate g2 7l B8 & o}n] AFRLEH4] 71 (Biochrom 20,
Cambridge, England) 2 #4]8}¢t}.

I 3}g (Expansion Ratio: ER)

H3hg-2 AF2 A7 die A v E2H A4LEIA
o} 7 AE F A9 2 20009 A BE H3 digital Mi-
tutoyo caliper(USA)& o]-¢-38l4, 2+ A1 89 A4 &4 &
23] kB35 019 HIFES AEIA Y.

9 = (Bulk Density: BD)

AFEL 6 cm Aol & A} Fab$ 2 20709 A8 F
T %, zhzre) A7, Ze], FAE FHsAY e
Bhattacharya®} Choudhury 2] W (20)) Wt o8- 4]
ol o]Aste] AAbslsic.

BD = Mass (kg)/Vol. (m®)

&t (Shear Force: SF)

Instron Universal Testing Machine(Model 1011; In-
stron Engineering Corp., Canton, MA, USA)S- A3}
Qo 2AEZHE crosshead speed 200 mm/min, full
scale load += 50 kg, probe+= Zd3 & AL4-3l¢ ). Al F
£ 6cmi A} 3N g FHR ) FAF A A A
sl 3, RE Hrhe ¥ Al 9 103 kel o kgl
2 249 AdH L A g9 Hg2Z ot

MZ (Hurter Color: HO)

Hunterlab Color Difference Meter(Model D25M-9;
Hunter Associate Laboratory, Inc., Reston, VA, USA)
2 LHE), aRY %)%} b(FAE)E 7 A Fvic} 53] vt
B 23 stedch A = 244242 warm-up F Y &
FRDE o143t BEshshech

DHsETt

HEAE W5 FAYrLE B A (g5
Z A% 3, 282 93] 30 1019 0] o3t
9T (1=0}F 4& 5=FAL ARA = ¥+, =05 F%)
71 3.(hedonic) testE o] &8t S g)el A Ex| )
ehd A2 2 A E2] ol 18~50A9 w2, EA7L 494,
oz} 7} 5273 0] 9f e} vholH 2= 18~354]7} 62 0] %>



Single-Screw Extrusion Puffingg ©]4& 24} 7} TFAYUE  Processet AE7 |54+ 415

v, 36~50417F 399 o1 et B Al Al A F
ofopstat xalAlelA 199913 9910 N4 134 71A] A A
st #5HAE a4 B2 e A g B E
ol o, AlEe] o5, 3], o, el AAA Foldhs
Hrtetz] 3 Wy 24 ql g 38 dsiddd. &
Aol7} FHH A L 2T A YFUF IR F
73RS o Hrlstda, g8 248 AR Al EFe
2% Fdatidcl

EAHIXz

Extrusion 2% A4 387 $13 HHEY A= o]
2] 13 A3 9] uh el A ol 3k whe} 3ol EA X 2] 8kod
o} g 2ol AR FFAE e, 3
FAFA A 2 PF Ax g A E 8% A
ZE59 F9A 7 A olli= Student’s t testE A3t
A A A Jaa o EFAXE el o, A7)
2| Al E=(without squid, with raw squid or freeze-dried
squid)ZFe] $-2A 7 Ao+ Analysis of Variancest
Student-Newman-Keuls testZ o183ttt & EA4
#]2] & Statistical Analysis System(18) program< o]
43l sl

Zn Y D

Mzl et BEA

7+ A ES] AU L, A7l A - E 11.14%, &
w3 6.24%, 2|4k 0.79%, 3E 0.44% Kot A EHEE2D
off 2% #7179 Uk B2 8 11.7%, sh3 4 6.8%,
A} 1.0%, 3# 05%2 B A7 datash wlZs) & o 5=
E, ol zdpe] oF 05%A E tor 382 A9 v
%8t g F0]¢lr}. Choudhury®} Gautam(7)= #7139
FEL 10%, AL 58~59%, A4 05~0.6%, 38

2 0.4~05%=F3. B.a3}¢] 3, Bhattacharya$} Prakash
(22)%= 37129 488 136%, THA 65%, A4 1.0%,
3% 0.6%2 2 Rste] Bzl ae} ek7ke) zpe)s}
AR 2 Ao)= gt @] FohE9) A g A EA
FEo v @stg& 9 ¥ olr) ek B A2 2
Aole] Adutd e o) 4.72%, A 80.5%, XA 6.4
%, 3% 5.98% 2 Helyt} o} & A EA L L 24
o] datas} W] S ¥ = §UAI T, R ) 195%41 T
2.Aeolo] A3 el Al o] 67.8%, x| & o] 6.9%, 3] ¥-o] 56
% o] B FAtsle] 2 od Fofl Al 4" YEAZX 27019
v 23-g of Farl XA} s o] T & U T A
At

55 Az

A ) RSM HH A 9L AFS9] A3hg, Ux,
4 g AT [, g b2 g2 Table 374 2t} EYE9)
o A S FEGg | IS E AL 27
g wol g, Wt koo Add e GolA|=
7o) ik ey EgEe] FEFako] it gt
£7)¢] zejxxdl upel debale %S el s
3 A o] A9 B8 £83e] 24.5%, cooking-
zone <57} 170°CY Wi} 3 b2 ot ¥3(55
%), =7} %7k 3 (160°C)7-5- AnkA o2 s 3}lg-o]
Fa Actao] gk} vkl &%) shA Y2 (153°C) £
FEe FEFeo) 27%d o A3hg2 vj Ay Egtont
AGE-E o 240 wis] 47k #A4 eyl
Table 49l vebdl who} 7ho] A3L-&-& A3 AAH,
We Ax e 5 AP2A(EFE 83 25)7) linear
BA7} gl e, AT &= quadratic A% gl ich M
3, W3lg Yx o} Ao wdo) ol lack of fit F2 A4
& glglon}, RY 3t ¥4 9o HelQdeh AZ 54 A
#AEo] WAEAN F2 linearBA S pebe] 24 2

Table 3. Expantion ratio (ER), bulk density (BD), shear force (SF) and Hunter color (HC) values of extrudates from the

first RSM experiment

Extrusion condition BD SF HC
Ru - ER
Moisture (%) Temperature (°C) (g/L) (kg/g) L a b
1 255 160 1.90 485,69 14.90 79.51 0.18 16.02
2 285 160 1.67 504.55 23.03 79.86 0.23 1599
3 255 180 1.80 453.22 1754 78.24 0.71 15.83
4 28.5 180 1.39 578.87 2571 79.68 0.32 15.43
5 295 170 1.33 588.02 24.56 82.20 0.03 14.18
6 245 170 1.75 433.30 18.78 79.28 0.63 15.51
7 270 187 1.65 474.86 18.07 78.00 0.78 15.40
8 270 153 1.80 519.72 16.37 78.05 0.15 16.63
9 27.0 170 1.79 472.10 17.04 79.25 0.20 15.79
10 27.0 170 1.76 481.91 17.72 78.68 0.46 15.82
11 27.0 170 1.69 44553 22.70 79.15 0.40 15.45
12 27.0 170 1.69 496.10 22.77 78.22 0.56 15.80
13 27.0 170 1.56 506.04 24.86 80.29 0.23 15.10
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Table 4. Analysis of variance for the fit of experimental data to full response surface models of the first RSM experiment

Sum of square

S Shear Expansion Bulk Hunter color
ource df . .
force ratio density L a b
Model 5 102.25 0.28** 21755** 28.33* 31.64* 59.32*
Linear 2 77.27* 0.23 17065*** 9.51* 11.40* 21.12*
Quadratic 2 24.98 0.04 1839 17.90** 19.10** 36.45**
Crossproduct 1 0.00 0.01**** 2851 0.91 1.15 1.76
Residual 7 62.06 0.04 3943 7.09 8.05 16.13
Lack of fit 3 14.70 0.01 1752 1.83 2.03 561
Pure error 4 47.36 0.03 2191 5.26 6.02 10.52
R? 0.62 0.86 1.00 0.80 0.80 0.79

*p<0.05, **p<0.01, ***p<0.005, ****p<0.001
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Table 5. Experimental design, shear force and expansion
ratio values of extrudates from the third RSM

experiment

Extrusion condition Shear .
Expansion

Run  Moisture Temperature force ratio

(%) (°C) (ke/g)

1 12.0 160 18.60 2.74

2 130 160 15.10 3.10

3 14.0 160 12.79 2.85

4 12.0 170 1559 2.85

5 13.0 170 16.41 275

6 140 170 1853 2.48

7 15.0 170 14.24 2.78

8 14.0 135 6.87 2.10

9 20.0 135 8.83 2.06

10 14.0 165 7.79 277

11 20.0 165 9.30 2.17

12 11.0 150 13.38 255

13 170 150 10.80 231

14 23.0 150 10.27 198

15 17.0 180 24.88 2.02

16 17.0 120 6.70 2.43

17 16.0 135 7.49 2.53

18 16.0 140 815 257

19 16.0 145 3.65 251

20 16.0 150 9.65 2.49
EYT 4L HF 2A02 AYSA 99 225
A A oA Y WF AxAF e E o] g3t HF
2ot AEL AR A oA FRAFES A 2

Aoy 6.68%, 27+ 83.32%2} 10% &R F7Heo EH/E
FRe Axsdn, $AAR 240 AFL FH A2
2R 0] 15%, 715 83.63%, &R F71F 10%9} 487%
o) ZH5e ERERSE AxzHL

27} 207} EFoll o]Xl= &3

HBel Mo, YWatg H dE
oA WE AF A, B g W U=E FH, v
2% A7 Table 69 Yeblisich A2
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Table 6. Shear force (SF), expansion ratio (ER) and bulk
density (BD) of extrudates produced under the
final extrusion condition”, from blends contain-
ing raw squid or freeze-dried squid

Squid type SF (kg/g) ER BD (g/L)
Raw (not dried) 141177 254%  35319%
Freeze-Dried 14.10 2.48 377.50°

Y15.76% feed moisture, 160°C process temperature (170 rpm
screw speed).

PNS: Not significant.

*Means within the same column which are not followed
by a common superscript are significantly different (p<0.05).

% AE Atolol] oA Ql A7} gt Wre A £
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kna’} $(26)8] B34 93t AEFE(tapioca, corn,
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1.18~1.2%& hebwtch. Maga®}t Reddy(13)8] el
= @7} 3e} ojoje) ks dejsle) B E 4EAY AE
o] A o] 7% ¥, 8~15% i A 05~2.3% Aoz
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Table 7. Proximate and amino acid compositions of final
extrudates from rice flour—defatted soy flour-
squid blends

Extrudates from blends with

Raw squid Freeze-dried

squid
Proximate composition (%)
Moisture 6.60 6.50
Protein 13.40 13.50
Lipid 0.22 0.20
Ash 1.18 1.20
Amino acid composition (g/100 g)
Aspartic acid 1.10 1.10
Threonine 0.50 0.50
Serine 0.60 0.60
Glutamic acid 2.40 2.40
Proline 0.80 0.80
Glycine 0.60 0.60
Alanine 0.70 0.70
Cystine 0.06 0.06
Valine 0.61 0.61
Methionine 0.21 0.21
Isoleucine 0.43 0.42
Leucine 1.07 1.07
Tyrosine 0.23 0.23
Phenylalanine 0.59 0.60
Histidine 0.30 0.30
Lysine 0.59 0.60
Ammoniurn chloride 0.87 1.05
Arginine 0.83 0.84
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Table 8. Sensory assessment of control and squid products
Squid in feed Appearance Aroma Taste Flavor Overall palatability
None (control) 5.21%Y 571° 499° 5.33° 518"
Raw 546° 541° 5.23° 5.30° 5.44°
Freeze—dried 5.30° 479 492° 5.10° 5017

YMeans in the same column which are not followed by a common superscript are significantly different (p<0.05).
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