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Abstract %

It is aimed to develop a novel shrimp-corn snack using response surface methodol th . Dried shrimp muscle was ground
and blended with corn flour at the level of 20% (w:w). The shrimp-corn flour was‘exgruded through a co-rotating twin-screw
extruder with a screw diameter of 24 mm. The effects of extrusiongemperatu 10 °C), screw speed (200-500 rpm) and feed

hri snack were investigated using response surface
e on hardness, omega-3 fatty acids content and sensory

and lower omega-3 content. While higher overall &€ were obtained at moderate temperature (130 °C), higher omega-
3 contents were obtained at lower temperatures co ad with higher feed moistures. Predicted optimum condition for extruded
shrimp-corn snack production was follows; extrusign

Keywords: Shrimp meat, extruded snack, o =3 fattyacids, hardness, sensory properties.

Cevap Yiizey\Met ullanilarak Ekstriize Karides-Misir ¢erezi Gelistirilmesi

yiizey metodu kullanilarak yeni bir karides-musir ¢erezi gelistirilmesi amaglanmstir. Kurutulmus

gerezinin sertligine, omega-3 yag asitleri icerigine ve duyusal ozelliklerine 6nemli derecede (P<0.05) etkisi oldugu saptanmustir.
Karides-misir gerezi iiretimi sirasinda ekstriizyon sicakligi 110 °C’den 150 °C’ye arttirildiginda elde edilen ¢erezlerin daha sert ve
omega-3 yag asitleri icerigi bakimindan daha diisiik oldugu saptanmustir. En yiiksek duyusal begeni notlart ortalama sicaklik olan

130 °C’de saptanirken, yiiksek omega-3 yag asitleri icerigi ise diisiik derecelerde yiiksek ekstriizyon vida hizinda elde edilmistir.
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Cevap ylizey metodu hesaplamalar1 sonucu ekstriide karides-misir gerezi iiretiminde 127.2 °C ekstriizyon sicakligi, 393.4 rpm
ekstriider vida hiz1 ve 21.6 g/100 g besleme nemi parametreleri optimum iiretim kosullar olarak belirlenmistir.

Anahtar Kelimeler: Karides eti, ekstriide gerez, omega-3 yag asitleri, sertlik, duyusal dzellikler.

Introduction

®
Foods have become an integral part of the eating habits of the majority of the world’s population. Basica y are
prepared from natural ingredients or components according to predesigned plans to yield ucts ied
functional properties (Thakur and Saxena, 2000). Extrusion cooking has been used to developa wi riety of snack

products from different raw materials. It has increasingly been used in the productio r ereals, baby foods,
snacks, and modified starch, etc. (Meuser and Van Lengerich, 1984). Extruded sn are predominantly made
from cereal flour or starches and tend to be low in protein and have a low bi ic e (

re

essential amino acids (Ainsworth et al., 2007). To produce a nutritious s

i.e. low concentration of

, re usually enriched with protein
rich food stuff. Remarkable progress has been made in the utilizatioggf n rof€in sources such as leguminous seed,
single cell proteins (Kinsella and Franzen, 1978), spirulina

2008, Pansawat et al., 2008, Shaviklo et al., 2011, Shaviklo

anesar, 2014), fish species (Kong et al.,
ingh et al., 2014), crab meat (Obatolu et al.,

species such as shrimp, crab and lobster, 0 acids, peptides, protein and other useful nutrients (Sriket et
al., 2007). Shrimp meat is an exeel urck of protein and is also a good source of minerals such as calcium.
Additionally, shrimp muscle cons% saturated fatty acids (PUFA) such as eicosapentaenoic (20:5n3, EPA)
and docosahexaenoic (22:6n actds, considered as essential. The protein content of shrimp meat typically
ranges from 20.44% to % and Celik, 2006). Shrimp meat combination with other nutrients from cereal
sources can provide isfokar of highly nutritious extruded snack products.

On the other handy deterjoration of nutritional quality, owing to high temperature, is a serious problem in most
traditional cgoking s. Extrusion cooking technology is preferable to other food-processing techniques in terms
with high productivity and significant nutrient retention, owing to the high temperature and short

ing, Gamalth, & Wakeling, 2007). Extrusion parameters, including feed rate, screw speed, extrusion

temperature, retention time, die diameter, etc.,, are accounted for the quality of finished products.
Therefofe extrusion parameters which directly affect product quality should be optimized in order to obtain high-
quality extruded snack. The overall objective of this study was to develop a novel extruded snack by using corn flour
and shrimp meat. The specific objective was to evaluate effects of extrusion parameters including extrusion

temperature, screw speed and feed moisture on physicochemical and sensory properties of shrimp-corn snack.
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Materials and Methods

Materials

The corn flour (MaizeCor, USA), dried speckled shrimp, Metapenaeus monoceros, (VR Foods, Bankong, Tayland)
and salt were purchased from a local food market in Helsinki, Finland. The dried shrimp meat was groun a fine
particles size by grinder (Kenwood, model FP 295, Britain) and passed through a 1.5 mm mesh screen. The 0
in the

dark cabin at 4 °C until utilization.

Extrusion Cooking of Shrimp Meat < l
Extrusion trials were performed using a twin-screw extruder (PTW-24 Thermo Haake ch, Germany.) The

extruding moisture content was controlled by analyzing the moisture content of thgyingredients before extrusion. The

with the injection gate for the liquid feed at the first zone. A volumetri

10) feeder (Brabender, Duisburg, Germany) was used for the solid

of the six barrel sections were controlled electronically by Xtru rol screen system. The feeder of extruder

was calibrated to give a feed rate of 67 g mint. Ap son Marlow (505 S), Wilmington, MA, USA)

parameters (extrusion temperature, screw spee
(approximately 10 cm long) with a sharp knifg %
(

cool at room temperature for 30 minutes ore plastic bags at room temperature (°C) until analyzed. Extrusion
trials were conducted in duplicate, analyses were done at least in duplicate.
Experiment Design and Sta

In order to determine the @’ ct o ‘
moisture content ( 00 g)

optimize extr S Box-Behnken’s response surface methodology (RSM) (Box and Behnken, 1960) was

emerged from the die. The extruded snack samples were left to

nalysis
sion temperature (110, 130, 150 °C), screw speed (200, 350, 500 rpm) and feed

the physicochemical and sensory properties of the shrimp-corn shack, and to
performed byAgenerating second-order polynomial equations (Eq. (1):

Y =po W BXi FLiX%+ X fiXiX; (1),
where Y represents the experimental response fo, £, fiiand fi; are constants and regression coefficients of the model,

and Xjand X;are uncoded values of independent variables. RSREG and PROC GLM of the statistical analysis system

were used to obtain predictive models. Adequacy of the models was determined by R? and model lack of fit tests
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(P<0.05). RSM plots were generated as a function of two factors when the third factor was held constant from the

models using Design Expert 9.1 Statistical Software (Statease Inc., Minneapolis, USA).
Analyses
Chemical Composition Analyses

The crude protein (6.25xN), moisture and ash content were determined according to the meth8d of

The moisture content of snack sample was determined by drying the snack samples in laboratory

a constant weight was obtained. The crude protein content was calculated by convertin nitrggen gontent

in furnace at 550 °C for 24 hours. The fat content was determined using the method describe e (Bligh and Dyer,

ethanal:distilled water mixture
(50:100:50) at the speed of 3000-4000 rpm for 2 min using homogenizer (IKA many). The homogenate was
tilled water was added and the

t 4 °C for 15 min using a centrifuge

(Thermo, H1650R, Germany) and transferred into a separat loroform phase was drained off into a 125

ml flask containing about 2-3 g of anhydrous sodiu fate, very well, and decanted into a round-bottom flask

through a Whatman no. 4 filter paper. The solvent wa ted at 40 °C using rotary evaporator (Heidolph, Hei-
VAP Advantage G5, Germany) and residual ent was r ed by flushing with nitrogen. The total fat content was

determined gravimetrically.

Bulk Density (BD) Analysis
Bulk density values of individug

snack by its volume. Each of

length and diameter of a
according to the mQ i (M et al., 2007):

wher (g) of .. .71 _ (cm) of extruded shrimp snack with a diameter d (cm). The average of 10 extruded

r each replicate was recorded as the BD.

Lateral Expansion (LE) Analysis
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Diameter measurement of the extruded shrimp samples were done at the center of each piece with using a digital
Vernier caliper accurate to 0.05 mm. Ten measurements were performed for each replication. Lateral expansion (LE,

%) was then calculated using the mean of the measured diameters (Ainsworth et al., 2007):
LE= (diameter of product — diameter of die hole) / diameter of die hole) x 100.

Texture (Hardness) Analysis ®

The texture (hardness) property of snacks was assessed by Instron universal testing machin %7 , High
Wycombe, England) equipped with a 5 kN static load cell and with a small wedge. Extrud% ples’ were
placed over two supports, 1.5 cm apart, and broken in the middle by a metal wedge (the thickness 9F contact surface
with snack samples was 1 mm? and the speed was constant and equal to 0.5 mm/g). The orce represents the
resistance of extruded snack to initial penetration and is believed to give an indic of the fardness of snack sample.

Ten randomly collected samples of each snack sample were measured and a“aean J@f measurements was given as
Newton (N).

Fatty Acid Composition Analysis

Extraction of lipid from snack sample was perform e, method of Blig and Dyer (1959). Methyl esters
were prepared by transmethylation using 2M KOH in nd n-heptane according to the method of Ozogul and
Ozogul (2007) with minor modification. A lipighsample o
M methanolic KOH and centrifuged at 4 000 Q 10 min. The upper layer was injected into a gas chromatograph
(GC; Clarus 500, Perkin Elmer, M, US

Gas chromatographic conditions: aciel composition was analyzed by GC equipped with a flame ionization
detector and BPX70 fused silicagcap yjcolumn (50 m x 0.22 mm, film thickness 0.25 pum; SGE Inc., Victoria,
% eld at 150 °C for 5 min, then raised to 200 °C at 4 °C/min and without holding,

raised to 220 °C at 1 °C - TheWimjection temperature was set at 220 °C. Helium was carrier with 1.0 ml/min flow

g dissolved in 2 ml n-heptane was mixed with 4 ml 2

Australia). The oven tempera

rate. The detector er as set’at 280 °C. The split used was 1:50. Fatty acids were identified by comparison
with the retenti es of standard fatty acid methyl esters (FAME Mix, C4-C24, Supelco PA, USA). The results

were expressed as apercentage of the total of the identifiable fatty acids.

18 and 30 years. The panelists had experience in evaluating of snack and seafood. The sensory evaluations of shrimp
snacks were performed in the separated cabin under daylight and ambient temperature according to 1SO 11035
international standards (Szymczak, Kolakowski & Felisiak, 2012). Snack samples were coded with three-digit random
numbers and served in porcelain dishes to each panelist along with water and piece of bread to clear their palates

)
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between samples. The panelists were requested to first evaluate each sample by sniffing alone and then by tasting.

They rinsed their mouths with water after tasting each sample.

The sensory evaluation of the snacks was based upon the lowest-highest scores of sensory liking. The intensity for

each attribute (appearance, odor, taste and overall acceptability) was rated on a 15-cm unstructured line scale labeled

with words showing weak intensities on the left (0 cm) and stronger intensities on the right (15 cm) (Petridi%
a

Ritzoulis, 2014). At the end of the sensory evaluation, in order to simplify statistical matters, the 15-cg
further divided into five equal segments (very like, adequate like, moderate like, dislike slightly afftl dis

Results and Discussion

Proximate Compositions of Ingredients and Extruded Shrimp-Corn Snacks Q

The proximate composition of ingredients and snack samples are shown in The corn flour was rich in

(6.3 9/100 g) of Shaviklo et al. (2015). So &
researchers (Maga and Reddy, 1985) have en
the addition of minced carp meat. They
20 g/100g raw carp mince was in rated ino the feed mixture. These values are lower than those obtained in this
study, since dried shrimp contaiassa sigmificant amount of protein. After the extrusion process, the mean lipid content
h is similar to those (0.47-2.32 %) of Maga and Reddy (1985) and significantly

yrted by Shaviklo et al. (2015).

of shrimp-corn snacks were 1

lower than those (28.2 g%)r

Tab e pr ive regression models for bulk density, lateral expansion, hardness, YPUFA-®3 and all sensory

prope showed high R?0f 0.921, 0.917, 0.938, 0.684, 0.876, 0.899, 0.916 and 0.908, respectively (Table 3).

Bulk Density of Extruded Shrimp-Corn Snacks

Effect of extrusion variables including temperature, screw speed and feed moisture on the bulk density of shrimp-corn

snacks are given in Table 2. The bulk density of extruded snack samples ranged from 0.62 to 1.41 g/cm? (Table 2).

The shrimp-corn snack sample with the highest bulk density (1.41 g/cm3) was obtained at moderate temperature (130
6



209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

w www.trjfas.org

ISSN 1303-2712
Turkish Journal of Fisheries and Aquatic Sciences DOI: 10.4194/1303-2712-v17 2 12

C), moderate screw speed (350 rpm) and moderate feed moisture (20 g/100 g). The bulk density values of shrimp-corn
snack samples were found significantly lower than those reported by Shaviklo et al. (2015). They have reported that
the bulk density values of puffed corn-shrimp ranged between 56.4 to 69.6 g/It. Lower bulk density values of shrimp-
corn snack could be resulted from high protein content of dried shrimp meat. Bulk density of snacks were significantly
affected (P<0.05) by extrusion temperature, although feed moisture and screw speed had no significant effe bulk

density (Table 3).
o

Lateral Expansion of Extruded Shrimp-Corn Snacks \
Effect of extrusion temperature, screw speed and feed moisture on the lateral expansion of p-conn snagks are

given in Table 2. The lateral expansion of extruded snack samples ranged from 4.4 to 696 %.

heyproduct with the
highest lateral expansion ratio (69.6 %) was produced at moderate temperature (130£C), hi w speed (500 rpm)
and low feed moisture (17 g/100 g) (Table 2). These results were found lower t rted by Ainsworth et al.
(2007). Only extrusion temperature had significantly (P<0.05) effect on the latctal expafision of snack samples (Table
3). Higher lateral expansion values of snack samples could be stenjmied gh extrusion temperature since

extrusion temperature had a significantly effect on the later 0 samples.

Hardness of Extruded Shrimp-Corn Snacks

Table 2. The hardness of extruded snack waS'de i easuring the maximum force required to break off the
extruded snack. The hardness values of extruded Shgimp snack samples varied between 158.1 and 358.3 Newton (N)
(Table 2). Only extrusion temperature hadi it (P<0.05) effect on hardness of shrimp snack samples (Table 3).

Highest hardness value (358.3 N) erved at high temperature, high screw speed and moderate feed moisture,

whereas lowest hardness value as observed at moderate temperature (110 °C), lowest screw speed (200
rpm) and lowest feed moistuye 00 g) (Table 2). These results were found tenfold higher than those reported by
Ainsworth et al. (2007). haveleported that the hardness of brewers spent grain added corn snacks ranged between
11.18 and 22.12 N

Figure 1a presgnts the effect of feed moisture and screw speed on the hardness of shrimp-corn snacks. Increasing feed
moisture andyscrew ‘speed at moderate extrusion temperature increased the hardness of the shrimp-corn snacks (Fig.

2a

ts the effect of feed moisture and extrusion temperature on the hardness of shrimp-corn snacks.
sion temperature at lowest feed moistures and moderate screw speed significantly increased the
f shrimp snacks (Fig. 2a). Figure 3a presents the effect of screw speed and extrusion temperature on the
hardness of shrimp-corn snacks. Increasing of extrusion temperature and screw speed at moderate feed moisture
significantly increased the hardness of extruded shrimp snack samples (Fig.3a). The cross-linking of proteins and
development of a protein network has increased the maximum force or hardness of extruded shrimp snack (Giri and

Bandyopadhyay, 200). Increase in protein content with addition of shrimp meat to corn snacks probably caused starch-
7
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protein interaction and cross-linking of shrimp-corn proteins. Thus it might have made the shrimp-corn snacks tenfold

harder compared to corn snhacks.

Effects of Extrusion Variables on Fatty Acid Composition of Extruded Shrimp-Corn Snacks
PUFA-®3 fatty acids content of oils extracted from shrimp meat, corn flour and snack samples are shown i ble 2.

Compared to corn flour, oil shrimp meat contains high proportion (23.74 %) of XPUFA-w3 (Table 2). The

value was obtained at highest extrusion temperature, highest screw speed and moderate feed

Blending of corn flour with shrimp meat increased XPUFA-®3 content of extruded snagks. Figurg”lb presents the

effect of feed moisture and screw speed on the ZPUFA-w®3 content of shrimp-corn gnacks. ugh increasing feed
moisture and screw speed at moderate extrusion temperature tended to decrea: UEA-@3 content (Fig. 1b), feed
moisture and screw speed had no significant effect on XPUFA-®3 content o imp|§hack samples (Table 3). Only

extrusion temperature had significant (P<0.05) effect on ZPUFA-»3 ¢ % snack samples (Table 3). Figure 2b
presents the effect of feed moisture and extrusion temperatyre on 4 -3 of shrimp-corn snacks. Decreasing

y increased XPUFA-®3 content of shrimp
nd extrusion temperature on the ZPUFA -3 of

rimp meat, corn flour and snack samples are shown in Table 2. PUFA-

®3/w6 ratio of shrimp oil (1.26 pnificantly higher than corn 0il’s PUFA-®3/w6 ratio (0.02). After the production
of shrimp snacks, the @ atio
observed at low ex n ¢(110 °C), low screw speed (200 rpm) and moderate feed moisture (20 g/100 g),
whereas lowe -03/w6 ratio (0.28) was observed at high temperature (150 °C), high screw speed (500 rpm) and

moderate feedl moisture (20 g/100 g). All snack samples could be named as healthy snack since their PUFA-®3/w6

ly higher than WHO/FAO recommendation value (0.2). Generally a high ®3/w6 ratio is desirable,
altho O/FAO (Clough, 1993) recommendations is that in total diet the ®3/w6 ratio should be no higher than
2 (Vujkovic et al., 1999).

Effects of Extrusion Variables on Sensory Properties of Extruded Shrimp-Corn Snacks
Effects of extrusion temperature, screw speed and feed moisture on the sensory properties of shrimp-corn snacks are

shown in Table 2. Odor scores of snacks ranged between 10.25 and 13.92; appearance scores ranged between 8.59 and
8
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13.00; taste scores ranged between 9.59 and 13.42; and the overall acceptance scores ranged between 9.75 and 13.25
(Table 2). The lower odor scores were obtained at lowest extrusion temperature (110 °C), whereas higher odor scores
were obtained at moderate extrusion temperature (130 °C). Increasing extrusion temperature from 110 to 130 °C

yielded the shrimp snack with good odor, but further incerese in temperature up to 150 °C decreased the sensory odor

odor, appearance and taste of shrimp snack. It is probably stemmed from the reddish-brown

Maillard reaction took place between in shrim snack sample during cooking. Carbohydfate an ein derivatives
such as glucose-6-phosphate and free amino acids present in the metabolic pathways(Can ac ctants to initiate the
Maillard reaction (Kawashima and Yamanaka, 1996). Maximum overall acce e scorg/ (13.25) was obtained at

moderate temperature (130 °C), highest screw speed (500 rpm) and highest*feed sture (23 g/100 g), whereas

minimum overall acceptance score (9.75) was obtained at lowest temp , lowest screw speed (200 rpm)

appearance, taste and overall acceptance of snack samples pessignificantly (P<0.05) affected by changes
in extrusion temperature (Table 3).
Figure 1c presents the effect of feed moisture and scre the overall acceptance scores of shrimp-corn snacks.
The response surface plots, shows that incr feed m
increased the overall acceptance scores from 3.25 (Fig. 1c). Figure 2c presents the effect of feed moisture and
extrusion temperature on the overall acc of shrimp-corn snacks. Increasing extrusion temperature from
lowest (110 °C) to moderate tem m%T) significantly increased (P<0.05) the sensory overall acceptance
scores, whereas increasing ext rature from moderate (130 °C) to highest temperature (150 °C) decreased
% Fig. 2¢). Figure 3c shows the effect of screw speed and extrusion temperature

rimp-corn snacks. Increasing extrusion temperature from lowest to moderate

the sensory overall acceptang
on the overall acceptang
temperature at all cased the overall acceptance scores, whereas further increase in extrusion
temperature deckeaSed theloverall acceptance scores of shrimp-corn snacks (Fig. 3c). Higher overall acceptance scores

were obtaine@ at higher screw speed at moderate extrusion temperature (Fig. 3c).

Ooptiization of Extrusion Conditions for Shrimp-Corn Snack Production

iable, three-level Box and Behnken design (Box & Behnken, 1960) was applied to optimize the extrusion
cooking in order to obtain the maximum and combined response values. Three-level variables of extrusion cooking
were extrusion temperature (110, 130 and 150 °C), screw speed of extruder (200, 350 and 500 rpm) and feed moisture
(17,20 and 23 g/100g), whereas the responses were PUFA-»3 fatty acids content and sensory overall acceptance score.

In order to obtain shrimp snack containing high amount PUFA-w3 fatty acids and liking by consumers, the optimum
9
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extrusion conditions were determined for calculating the predicted values of response variables using the prediction
equations derived by RSM. Verification experiments performed at the predicted conditions derived from ridge analysis
of RSM demonstrated that experimental values were reasonably close to the predicted values, confirming the validity
and adequacy of the predicted models. The optimization of extrusion conditions including extrusion temperature,
extruder screw speed and feed moisture of ingredients was based on the highest level of the PUFA-»3 fatty s and

sensory overall acceptance score. The predicted optimum condition obtained using computer program (Dgsi eft

9.1, Stat-Ease Lnc, Minneapolis, USA) for the extruded shrimp snack production was follows; Rtrusidh) @pature:
127.2 °C, screw speed: 393.4 rpm, feed moisture: 21.6 g/100 g (Table 4). At this optimum co

PUFA-®3 fatty acids and overall acceptance score of shrimp snack were found to be as 232
respectively. In order to show the optimum area, an overlay plot was obtain using the valdes of RUFA-w3 fatty acids

and overall acceptance responses (Fig. 4). The optimum point obtained from the softWare ca on is placed on left-

upper side of the yellow area in the Fig. 3. At the optimum point the overall ac nce score of snack was 13.76. It

means that the snack produced at optimum point was liked very much_by anelist since ‘13-15 points’
corresponds to ‘very like’ in 15-cm unstructured line sensory evaluatiogjscales@onsidering the optimum conditions, it
is concluded that the shrimp snack containing high amount,PUFA€®S, fa ds and liking by consumers could be

produced at moderate extrusion temperature, screw speed al

Conclusion

In this study, the shrimp meat was not only use@as an enrichigaent ingredient to increase the nutrition value, but it also
helped to increase sensory properties of corn ased snack because of its desirable flavor and taste. Shrimp meat

@
Alpthe’production of novel shrimp-corn snack. Although feed moisture

was successfully incorporated with cor
of ingredients and screw speed ofaéxtriider didn’t affect the physicochemical and sensory properties of extruded

shrimp-corn snack, the changesgimthe@xtrusion temperature significantly affected. Increasing extrusion temperature

yielded the decrease in XP ontent and increase in hardness of snacks. Shrimp-corn snacks produced at

moderate extrusion tem @' ure, est screw speed and moderate feed moisture had highest preference levels for

parameters of overdllacce ty. The findings of this study indicate the feasibility of developing new value added
products fro soutces and corn flour by extrusion cooking.

ts
This regearchAwas the supported by the grant from the Scientific Research Project Administration Unit of Akdeniz
(Project No. 2010.03.0121.001).
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. Lipid Ash
0, 0,
Samples Moisture (%) Carbohydrat (%) %) %)
Corn flour (defatted) 11.9+0.7 76.1+ .5+0.2 1.9+0.2 0.60.1

Dried shrimp flesh 17.540.6 N 647511 37403 32402

Extruded shrimp snack** 14.520: 62§yﬂ 18.8+0.5 2.0£0.4 2.2+0.2

*The values represent mean score+ standard e
** Mean values of ingredients and extrud

er experimental replicate.
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420  Table 2. Effects of extrusion conditions on physicochemical and sensory properties of extruded shrimp-corn snack

421 ®
Extrusion conditions* Physicochemical properties en rties
Samples B _ Lateral PUFAO\)-3/03 Overa:clcepta
XX Xs ulk density expans  Hardness X PUFA-03 6 (% Appearance Taste nce
(g/cmd) ion (N)** (%) .
(%) ok

Shrimp oil - - - - - - 23.74+0.16 - - - -
Corn il - - - - - - 0.79+0.03 .0 - - - -
El 110 350 23 1.34+0.05 08.0+£2.6 167.3£21.1 Y 10.25+0.86  8.59+1.02 9.754+0.63 9.84+0.81
E2 110 350 17 1.16+0.13 21.6£6.2 186.3+10.3 42 10.42+0.74  9.59+0.82 9.84+0.77 10.42+0.66
E3 110 200 20 1.38+0.06 04.44+2.2 158.1+16.3 0.44 10.34+0.94 8.84+0.53 9.59+0.83 9.75+0.87
E4 110 500 20 0.98+0.10 344 +£8.3 211.5+17. 0.41 10.59+0.85 10.09+1.03 9.67+0.67 10.50+0.69
E5 130 200 23 1.26+0.04 08.4£2.6 0.39 13.42+£1.03  11.34+0.92 12.92+0.75 12.67+0.78
E6 130 350 20 1.41+0.10 14.844.1 0.39 12.67+0.97 11.17+0.86 13.00+1.11  12.42+0.85
E7 130 500 23 1.24+0.12 24.8+8.8 12.92+1.32 0.38 13.9240.92 12.42+0.82 13.42+0.75 13.25+0.94
E8 130 200 17 1.26+0.04 14.8+1.8 13.05+1.34 0.38 12.25+0.89 11.50+0.34 13.07+0.86  12.34+1.072
E9 130 500 17 0.6+0.04 69.6+5.0 12.55+1.74 0.35 11.25¢1.02  9.75+0.78 12.25+1.07 11.42+1.10
E10 130 350 20 1.03£0.07 25.6+4.8 13.80+1.75 0.38 12.89+£1.03  11.09+0.98 13.09+0.44 12.59+1.06
E1l 130 350 20 1.16%0.08 16.8+ 13.86+1.66 0.39 12.75€1.10 11.00+1.02 13.17+0.93  12.50+0.94
E12 150 200 20 1.18+0.05 17 306.3£14.6 12.06+1.94 0.38 12.00+0.81 12.09+0.84 11.59+£0.75 10.92+0.97
E13 150 350 23 0.90+0.06 24 4+3.3 317.7£18.2 10.24+1.39 0.30 11.84+0.79 13.00+0.96 11.34+0.95 11.25+0.1.03
E14 150 500 20 0.79+0.13 ) 58.3+11.4 09.03£1.46 0.28 12.09+0.88  12.17+0.78 11.75¢1.08 11.75+0.93
E15 150 350 17 0.86+0.06 30.0+4.7 319.6£12.3 10.98+1.28 0.32 11.25+0.73  12.42+0.87 10.75+1.05  11.34+0.78

422  * Xi: Temperature (°C) of barrel zoges 6-8 rew speed (rpm) and Xs: Feed moisture (g/100 g db).

423 **N: Newton; PUFA-»3: polyunsa tty acids (C16:3, C18:3, C18:4, C20:3, C20:4, C20:5, C22:5, and C226), PUFA-06: (C18:3, C18:2, C20:4, and C22:5).

424

425
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426  Table 3. Predictive regression models coefficients of physicochemical and sensory properties of extruded shrimp-corn snack.

427
428
429
430
431
432
433
434
435
436
437

Physicochemical coefficients

Sensory coefficients ¢

Bulk ?gig:% Later%:(p)ansion Hardrzﬁls)s Y>PUFA-03 Odor Appear St Overjéceptance
%

Intercept 1.19 17.83 254.57 12.84 11.86 .OQ 11.68 11.53
Temperature (X1) -0.26* 15.54* 72.34* -0.88 0.53* 0.67* 0.48*
Screw speed (X2) 7.500E-003  -3.16 -20.44 -0.34 0.24 0.019 0.36
Feed moisture (X3)  0.040 3.38 2.70 0.91 0 .073 0.28 -0.087
XXz 0.038 0.075 5.83 -0.56 0.17 -0.049 0.086
X1X3 0.018 4.85 15.30 0.58 0.041 -0.053 0.045
(X2Xa) 0.047 -0.60 -1.20 .36 -0.18 -0.063 0.0.050
X1? -0.065 2.37 -4.25 -0.82 -0.25 -1.56 -1.14
X2? 0.035 1.12 8.45 0.25 0.036 -0.19 0.27
Xs? -0.075 1.25 -2.82 0.31 0.38 0.069 -0.17
R? 0.921 0.917 0.938 0.876 0.899 0.916 0.908
Lack of fit 0.014 3.22 8.9 0.01 0.82 121.13 11.75

*Parameter is significant to the predictive regression m

Q@Q
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438  Table 4. Responses at optimum conditions for extruded corn-shrimp snack production.

[
Optimum conditions Responses at optimum conditions
* - * Hardness A
X1 X2 X3 (N) PUFA-3 fatty acids (%) ralhacceptance score
\
127.2 393.4 21.6 232.42 13.76
439  *Xi: Temperature (°C) of barrel zones 6-8, Xz: Screw speed (rpm) and Xs: Feed moisture (g/100 g db).
440
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445 Figure 1. Effect of feed moisture afd screl speed on the hardness (a) omega-3 fatty acids content (b) and overall acceptance scores (c) of shrimp snack samples.
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*Screw speed is fixed at 350 rpm.

Figure 2. Effect of feed moisture and temperature on the hardness
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Figure 3. Effect of screw speed and temperature on the hardness () ga-3 fattypacids content (b) and overall acceptance scores (c) of shrimp snack sample.
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460  Figure 4. Overlay plot used for graphical optimization of e rew&s.
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