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Abstract

The squid isinderutilized seafood than finfish and shellfishes in domestic consump
and millet is also an underutilized food grain. This study aimed to produce squic
millet- based extrudate under the optimized process parameters using Resp
Surface Methodolgy (RSM). The effects of process parameters such as heal
temperature (5% / = ¢ 5 c C), heateiR2 tamperaturé MH 1 c/ I MICP (
screw speed (250 rpm, 275 rpm and 300 rpm), and inclusion of squid powder (3%
5%, 6% and 7%) were tested fesponses like bulk density, expansion ratio and fi
product weight in RSM. All process parameters tested had signifiadt05) impact
on responses. The optimized 9& YS G SNAR 6 SNB T@ dzfiddter i
temperature, 129.98C of heater 2 tempeture, screw speed of 317.87 rpm, an

Corresponding Author
Tel.:4919677361582
Email: viswanth@tnfu.ac.in

Keywords
Bulk density
Expansion ratio

50 product weigh
Heater temperature
Screw speed

Introduction

Snack has many definitions, Sajilata and Sinc
(2005) defined a snack as a small food meal taker
between a regular meal which includes different typ:
of products that may be in forms served as fries, bak
confectionaries, pops, vegetable chips, puffoasted
nuts, and extruded snacks. The snack food indus
grows rapidly with a Compound Annual Growth Re
(CAGR) at 7.5% annually and 89% of snacks availat
the market are norextruded snack products. Snacks a
appreciated by people of all agemainly children and
teenagers; there is an appeal for the nutritioni
improvement of this product reported by Ferreir
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6.56% of inclusion of squid powder.

(2006). The extruded snack products previously we
made up of cereal which consists predominantly of hi
carbohydrate and low protein.In the later part
incorporation of meat with cereals was done to produt
extrudates whiched to the incorporation of fish meat
powder in extrusion. Yurjew et al. (1989) stated that t
addition of meat to starch ingredients causes therm
instability dueto interactions of protein and starch
There were studies carried out by in extrusic
technology by incorporating fish meat and fish me
based products to produce extruded snack. Wiane
(2007) reported that the use of proper fish such as le
fish overfatty fish and fresh fish over frozen fish ha
better extrusion properties. Choudhury and Gauta
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(2003) reported the use of protein sources in extrusii
causes a low expansion ratio and increase in hardnes
extrudate which leads to limited success irogucing
fish-based extrudate products commercially. Since t
principle of extrusion technology is Highemperature
Short Time (HTST) there will be minimal loss
nutrients. The extrusion process parameters have
significant impact on the properties @&in extrudate.
Extrusion process parameters should be optimized
obtain an extrudate.

The objective of this study was to determine th
optimized extrusion process parameters to produ
squid and milletbased extrudate snack products.

Materials andMethods

This study was conducted at Metro Fish Process
Facility of College of Fisheries Engineering, TN.
Nagapattinam, Tamil Nadu, India.

Materials

The Indian squid Uroteuthis duvaucéli was
purchased from a local fish market and cleaned, c
blanched at 5% of brine solution, steamed in stee
cooker for 15 to 20 minutes,na dried in cabinet drier
in 50C to 6@C for producing squid powder. Corn flou
finger millet flour, pearl millet flour, and salt wert
purchased from the local market.

Proximate Composition

The moisture content of the extruded snack wi
determined by the standard AOAC method (2006)
placing the sample in a hot air oven at #05or 5 hours.
The nitrogen content of extruded snacks wi
determined by the Micro Kjeldahl metld and
multiplying by 6.25 with nitrogen value produces tt
protein content of extrudate (AOAC, 1995). The cru
fat content was determined by the Soxhlet methc
(AOAC, 1995) using petroleum ether €80cC) as
solvent. The ash content of the extrudate we
determined by placing the sample in a muffle furnace 1
24 hours atemperatures ranging from 50C to 600C;
the crucible was then cooled in a desiccator, and contt
in the crucible was weighed (AOAC, 1995).

Extrusion Cooking

Extrusion was done ugina twinscrew extruder
(Basics Pvt. Ltd, Kolkata, India). The extruder had
heaters for cooking. The temperature of heater 1 a
heater 2 and the speed of twiscrew, feeder, and
rotatory cutting blade can be controlled in the extrude
The Finger miit flour at 10% and pearl millet flour a
10% are mixed, blended with corn flour (77%, 76%, 7!
74%, and 73%) and squid powder (3%, 4%, 5%, 6%,
7%) with 6% water, sieved for uniform distribution ar
left for moisture equilibration for an hour.

Determination of Expansion Ratio

The expansion ratio of extrudate samples w
calculated by measuring the diameter of extrudate usi
a digital vernier caliper (Mitutoyo, Japan). Tt
expansion ratio of the extrudate sample we
determined as the diameter fothe extrudate to the
diameter of the die or orifice (Korkerd, et al, 2016).

Expansion ratio= Diameter of extrudate / Diameter c
die or orifice

Determination of Bulk Density

The diameters of extrudate samples wel
measured with a digital verniecaliper (Mitutoyo,
Japan), from which the average radius of the extrud
shacks was calculated. The shape of the extrudate
assumed to be cylindrical. The total volume is calcula
by adding up the length of 20 extrudate samplébe
bulk density was dermined by the average weight o
extrudate to the volume of extrudate samplesgse, et
al. 1992).

Bulk density (g/crf) = Weight/Volume of extrudate
samples

Determination of 50 Product Weight

Fifty product weight of the sample was done t
measuring the weight of randomly selected 50 extrud
products using a digital weighing balance (Ishtaa, Ind
Case et al. (1992) stated that the extrudate low fit
product weight tends to have more accepthty.

Experimental Design and Statistical Analysis

The Response Surface Methodology was used
determining the extrusion process panaters heater 1
temperature (5%C, 6@C, and 68&), heater 2
temperature (12@C, 12%5C, and 136C), screw speed
(250rpm, 275 rpm, and 300rpm) and inclusion of sqt
powder (3%, 4%, 5%, 6%, and 7%) towards bulk den
expansion ratio, and fifty product weight as respons
or variables in the BeBehnken model (Box ant
Behnken, 1960). #and lack of fit test determinedor
testing the reliability. The surface plots were done bas
on the effect of two variables over a response f
optimization. These studies were carried on Desi
Expert 11.1.2.0 (STATEASE, Inc., USA). Twefauyr
runs were conducted based on RSM.

Results and Discussion
Proximate Composition of Raw Materials
The proximate compositions of raw materials we

given inTablel. The crude protein was found to b
ynodmppnduT: Ay aljdZAR LR
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YAfESG FE2dz2NE FyR mMndonsg
FILd 61a ¥F2dzyR G2 06S wmo
H®popn®mmM: Ay FAYISNI YA
pearl milet flour. The optimized squid and miltbased

SEGNHRFGS 41 & F2dzyR (2
LINEGSAY X MOpy N PM M2 f A
pPtTopndmm: Y2Aa0Gdz2NB 02y

composition of raw materials and extrudate, it can t
interpreted that crude protein was contributed by the
inclusion of squid powder and extrusion cookir
removes moisture from extrudate which was blende
mixture with additional water added at 6% level befol
extrusion. Goes et al. (2015) observed 9% addition
different fish powders increased protein conter
MMOPYy ppn®HM: AY ¢dzyl | RR:
Ti F LAAF  F RRSR S EGINUzR Salnon
added extrudate. Osman et al. (2017) reported that tl
shrimp-corn extrudate had a crude protein of 18.8%.

Effect of Process Variables

The effect of process parameters ovehe
expansion ratio is given ifiable2. The expansion ratic

Table 1.Proximate composition of raw materials

varied from 3.8611 to 4.603. The highegpansion ratio
was found at 66C of heater 1 temperature, 180 of

heater 2 temperature300 rpm of screw speed, and 5¢
of squid powder inclusion. Lue et al. (1990) stated tt
optimized expansion ratio is an important parameter fi
obtaining better sensory quality. Faller et. #1998)

reported that there is a negative relationship betwee
the expansion ratio and hardness of extrudates. Reh
et al (2009) also observed a similar negati
relationship between the expansion ratio and prote
content of the extrudate.

The effect of process parameters over the bt
density is given iffable2. The bulk density varied from
1.3543 g/crito 3.4466 g/cm. The highst bulk density
was found at 66C of heater 1 temperature, 12& of
heater 2 temperature, 275 rpm of screw speed and !
of squid powder inclusion. Ding et al. (2020) stated tt
bulk density plays a major role in packaging a
transportation, the higher the bulk density the lower th
transportation and packaging cost; higher bulk dens
leads to less volume of space occupied.

The effect of process parameters over fifty produ
weightis given infable2. The fifty product weight variec

SlI.No. Raw material Moisture (%) Protein (%) Lipid (%) Ash (%)
1. Squid powder cCOTTHND yn®dmdpn MDHTp N odongpn
2. Finger millet flour pPHnpnd TO®pHR N A H®popn M®doopN
3. Pearl millet flour chdtTmMp NP Mn®donepn ndyopn MON T RN
4. Extrudate pPTopnd MpdPccpn My HdcnepAn
Table 2 Effect of process parameters on responses

Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2 Response 3
Run A:Heater1 B:Heater2 C:Screw speed D:Squid powder 50 Productweight Expansion Ratio BulkDensity

oC oC Rpm % G g/cmd

1 60 125 275 3 11* 4.108 1.7153
2 60 125 275 5 12 4.125 1.9319
3 60 125 275 6 12 4.189 1.9289
4 55 120 275 5 11* 4.2701 1.6322
5 65 120 275 5 13 4.451 2.49
6 60 125 275 7 12 4.157 1.9304
7 65 130 275 5 13 4.4384 1.5328
8 55 130 275 5 13 4.3923 2.5192
9 60 130 300 5 16** 4.603** 1.8911
10 60 125 275 4 12 4.165 1.932
11 60 130 250 5 11* 4221 2.5637
12 55 125 250 5 12 4.3004 2.0268
13 60 125 275 5 13 4,133 1.3543*
14 65 125 300 5 13 4.563 1.8113
15 60 120 300 5 14 4.4366 2.5887
16 55 125 300 5 15 3.8611* 3.4466*
17 65 125 250 5 11* 4.2519 1.9591
18 60 120 250 5 11* 4.1861 1.8524
19 65 125 300 5 14 4.465 1.9005
20 60 120 300 5 15 4.549 2.4751
21 60 125 250 3 11 4.1924 2.0124
22 65 125 275 3 12 4.1145 1.8546
23 60 125 300 7 14 4.4265 1.9234
24 55 120 275 5 12 4.1971 1.6572

* represents the lowest value, arid represents the highest value.
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from 11 g to 16 g. The highest fifty product weight w
f2dzy R G cnc/ 2F KSC of Behiter
2 temperature, 300 rpm of screw speed, and 5% of sq
powder inclusion.

From theANOVA (Tisle 3, Table 4 and Table 5),
was observed that the extrusion process paramete
were found significant ( BK05) in overall responses. Th
lack of fit test was determined to be insignificar
(t ®&05) in responses.?Ralue was found to be 0.818:
in exparsion ratio, 0.8085 in bulk density, and 0.8649
fifty product weight. From the significance test, it can |
observed the extrusion parameters and percentage
squid powder inclusion had an impact on the expansi
ratio, bulk density, and fifty product &ight.

Table 3 Analysis of variance and Regression coefficient for

Optimization of Extrusion Process Parameters Using
RSM

The relationship between process paramete
(Independent variables) and responses (Depende
variables) are shown ifigure 1,Hgure 2, anddgure 3.
The optimum process parameters are indicated
Hgure4. For better responses value, the optimul
process parameters have been arrived at from REM.
responses from the predicted values can be verifiec
the response values from the optimum mess
parameter are closer to the predicted value. Tt
optimum process pamaeters were determined as
64.16C heater 1 temperature, 129.68 heater 2

expansion ratjoamraticmodel.

Source Sum of square df Mean Square F value P- value

Model 0.6108 13 0.0470 3.46 0.0281 Significant
A-Heater 1 0.2251 1 0.2251 16.58 0.0022

B-Heater 2 0.0019 1 0.0019 0.1364 0.7196

GScrew speed 0.0160 1 0.0160 1.18 0.3030

D-Squid powder 0.0171 1 0.0171 1.26 0.2884

AB 0.0070 1 0.0070 0.5137 0.4899

AC 0.1270 1 0.1270 9.36 0.0121

AD 0.0071 1 0.0071 0.5241 0.4857

BC 0.0001 1 0.0001 0.0039 0.9517

BD 0.0000 0

CD 0.0063 1 0.0063 0.2574 0.6229

Iy 0.0041 1 0.0041 0.3002 0.5958

.Y 0.1661 1 0.1661 12.24 0.0057

[y 0.0064 1 0.0064 0.4682 0.5094

54y 0.0001 1 0.0001 0.0097 0.9237

Lack of Fit 0.1219 6 0.0203 5.88 0.0540 Not significant
Re 0.8182

Adjusted R 0.5818

Table 4 Analysis ofrariance and Regression coefficient bulk

density on quadratic model

Source Sum of Squares df Mean Square Fvalue p-value

Model 3.68 13 0.2832 3.25 0.0345 Significant
A-Heater 1 1.14 1 1.14 13.04 0.0048

B-Heater 2 0.3895 1 0.3895 4.47 0.0607

GScrew speed 0.6810 1 0.6810 7.81 0.0190

D-Squid powder 0.0556 1 0.0556 0.6375 04432

AB 1.08 1 1.08 12.39 0.0055

AC 0.6750 1 0.6750 7.74 0.0194

AD 0.0002 1 0.0002 0.0021 0.9644

BC 0.4747 1 0.4747 5.44 0.0418

BD 0.0000 0

CD 0.0525 1 0.0525 0.6025 0.4556

Iy 0.1696 1 0.1696 1.94 0.1934

.y 0.0189 1 0.0189 0.2173 0.6511

/ u 0.5545 1 0.5545 6.36 0.0303

5y 0.0120 1 0.0120 0.1374 0.7186

Lack of Fit 0.6946 6 0.1158 2.61 0.01863 Not significant
Re 0.8085

Adjusted R 0.5594
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Table 5.Analysis of variance and Regression coefficient for 50 product weight on quadratic model
Source Sum of Squares df Mean Square Fvalue p-value
Model 41.19 13 3.17 4.93 0.0081 Significant
A-Heater 1 0.5046 1 0.5046 0.7846 0.3965
B-Heater 2 1.25 1 1.25 1.95 0.1931
GScrew speed 4.65 1 4.65 7.23 0.0228
D-Squid powder 0.2848 1 0.2848 0.4428 0.5208
AB 0.9941 1 0.9941 1.55 0.2421
AC 0.2947 1 0.2947 0.4582 0.5138
AD 0.4619 1 0.4619 0.7181 0.4166
BC 0.4084 1 0.4084 0.6350 0.4440
BD 0.0000 0
CD 0.2137 1 0.2137 0.3322 0.5771
Iy 0.0954 1 0.0954 0.1483 0.7083
.4 0.3818 1 0.3818 0.5936 0.4589
[y 1.09 1 1.09 1.70 0.2220
5y 0.9231 1 0.9231 1.44 0.2585
Lack of Fit 4.43 6 0.7386 1.48 0.3677 Not significant
Re 0.8649
Adjusted R 0.6894

temperature, 317.87 rpm screw speed, and 6.5¢
inclusion of squid powder. The predicted values
response ér optimized extrudate should be 16.5879
of fifty product weight, 1.326 g/cfof bulk density, and
5.19665 of expansion ratio. The obtained respon
values of the optimized extrudate were 16.524 g of fil
product weight, 1.319 g/cfof bulk density, and.108
of expansion ratio. In this study, the response valu
from the optimum process parameters were foun
closer to the predicted valueseflect the degree of
perfection of the optimization process.

Nutritional and Sensory Assessment of Optimized
Extruded Snack

The amino acid composition, and fatty ac
composition of optimized squid and millet snack we
analyzed. The essential amino acid such as histid
threonine, lysine, tryptophan, methionine, valine
isoleucine, leucine and phenylalanine wéogeind to be
0.345, 0.480, 0.418, 0.578, 0.603, 0.957, 0.477, 0.
and 0.581 mg/100 mg respectively in squid extruda
Omana et al. (2010) determined amino acid profile
10% ribbon fish and rice based extruded snack 0.12
0.1016, 0.1230, 0.0816, 0.0830.1686, 0.1123, 0.248¢
and 0.1493 g/100g of histidine, threonine, lysin
tryptophan, methionine, valine, isoleucine, leucine at
phenylalanine respectively. The essential fatty acid st
linolenic acid, eicosapentaenoic acid, docosahexaer
acid and sachidonic acid were found to be 0.98%
0.42%, 0.98% and 0.18% respectively of total fatty a
present in optimized extrudate. Ganesan et al. (201
found that EPA content of 0.062% in sardine fi
extrudate and 0.33% in lizard fish extrudate and DI
content of 0.053% in sardine fish extrudate and DHA v
not detected in Lizard fish extrudate.

The sensory analysis of optimized squid and mil
extrudate was analyzed by panel consisting of 30 st
trained people for analyzing the sensory properties st

as appearance, colour, taste, texture, and over:
acceptance. The sensory assessment was done in ¢
of 1 to 5 where 5 was the maximum scale
preferencellike. The appearance of optimized squid a
YAETESG SEGNHRSR ayl O
assessel & ndpcpndannzs GFads
GSEGdAINE 61 & F2dzyR G2 ¢
FOOSLIiyOS 41 & F2dzyR I a
Rathnakumar (2006) stated that addition of high prote
source affects the hardness and crispiness of 1
extrudate due to interaction of protein and starch. It we
also found in the present study that the increase
inclusion of squid powder resulted in less crispiness.

Conclusion

In this study squid and millddased extrudate was
produced by optimizing extrin process parameters
and percentage inclusion of squid powder. TI
optimization of the extrusion process parameter adde
value to the extrudate. The extrusion proce:
parameters such as heaterl temperature, heater
temperature, screw speed, and perceg& of squid
powder inclusion had a significartt ¢K0b) impact on
bulk density, expansion ratio, and fifty product weigl
The optimum process pameter was determined as
64.1GC of heater 1 temperature, 129.88 of heater 2
temperature, screw speed of 317 rpm, and 6.56% of
inclusion of squid powder.
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Figure 4 Optimum process parameter overlay graph
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