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Physical Properties of Single-screw Extruded Aquafeed

Michael L Brown, Parisa Fallahi, Kasiviswanathan Muthukumarappan, Poonam Singha and Scott Sindelar

South Dakota State University, Brookings, SD USA

Abstract

A factorial experimental design (5x3%2) was used to investigate the effects of non-starch polysaccharide binding agents on
physical properties of single-screw extrusion. Extrusion cooking trials were performed with an ingredient blend for yellow perch,
fortified with five non-starch polysaccharide binding agents including three plant-origin gums (guar, wheat gluten, carboxymethyl
cellulose (CMC)) and two microbial-origin exopolysaccharide gums (xanthan and pullulan), with three levels of gum inclusion (3,
6, and 10%), and two levels of screw speed (100 and 150 rpm). Effects of the independent variables on extrudate characteristics
were extensively analyzed and included density, expansion ratio, water absorption and solubility indices, pellet durability, and
color. Increasing gum level from 3 to 10% led to a considerable increase in unit density of extrudates for xanthan, guar, wheat
gluten, CMC, and pullulan by 39.6%, 21%, 11.4%, 30%, and 19.7%, respectively. The minimum (357 kg m-2) and maximum (607
kg m?) bulk densities were observed for the diets produced with 6% guar at 150 rpm and 10% xanthan at 100 rpm, respectively.
The mean values of expansion ratio for the diets containing exopolysaccharide gums were slightly smaller than those of the
other diets. Increasing gum inclusion level increased the expansion ratio of the extrudates using xanthan, wheat gluten and
pullulan but reduced the expandability of diets used guar gum; increased levels did not change the expansion ratio of extrudates
containing CMC. At the highest levels of gum inclusion and screw speed, both pullulan and wheat gluten gums provided better
expandability of the feed extrudate. Exopolysaccharide gums resulted in extrudates with significantly higher pellet durability and
water solubility indices. Overall, the addition of 6 to 10% non-starch exopolysaccharides could improve the pellet durability of aqua
feed extrudates. A future study investigating the effects of feed composition and additional extrusion processing conditions on the
physical parameters of these products in aquafeeds would be appropriate.

Keywords: Aquafeed; Cohesiveness; Extrusion; Pullulan gum;
Physical property

Introduction

Feed composition can vary depending upon the aquatic species’
requirements and preferences. Some cultured fishes are active surface
feeders such as tilapia Oreochromis spp. [1] and channel catfish Ictaluris
punctatus [2], others such as yellow perch Perca flavescens are slightly
more passive and feed throughout the water column, and yet other
species such as shrimp (e.g., Penaeus spp.) are slow and intermittent
bottom feeders [3]. Therefore, nutritional and physical properties
are important in the manufacturing of aquafeed to maximize feed
conversion and growth performance of the targeted species and life
stage. This diversity makes the aquafeed manufacturing process more
complex when compared to feed production for other food animals.
The primary physical properties of aquafeed are: high water stability
and pellet durability, uniformity of particle size and shape, maximum
density, floatability, expansion ratio, and cohesion. Thus, the ingredients
of feed should be selected based on their effective nutrient contributions
and their functional properties during the feed processing [4].

To accommodate the need for production of a diverse array of
feeds, extrusion technology provides the most effective and flexible
processing methods for the aquafeed industry. The quality of extruded
aquafeed is drastically influenced by the extruder operating parameters
such as temperature, moisture content, and residence time as well as the
effects of hardware structure of the extruder [5]. The interactive effects
of high temperature, shearing forces, and moisture content of the blend
during this process transform the feed ingredients at macroscopic
and microscopic levels leading to structural changes of protein and
starch. The extent of heat treatment and starch transformation affect
overall cohesion of fish feed extrudates in terms of water stability and
pellet durability. High water stability prevents loss of nutrients from

rapid disintegration of pellets in water and increases the duration of
feed availability [6]. Higher pellet durability enhances the mechanical
strength of the extruded feeds to protect against the abrasive and
external forces experienced during transportation. In addition to
selecting proper ingredient compositions and processing parameters,
one way to enhance the cohesive property of extruded feeds is by using a
polysaccharide binding agent in the feed blend. In extrusion processing,
starch is the most common binding agent which is responsible for most
of the mechanical properties of the extrudate [7]. However, different
sources of starch vary in their chemical compositions (i.e. ratio of
amylose and amylopectin groups) and can result in different extrudate
characteristics [8].

Several researchers reported that fish, particularly carnivorous
species [9], have limited capacity to utilize dietary carbohydrates [10,11].
With the growing interest in replacing fish meal with plant-based
proteins, which are typically rich in soluble and insoluble carbohydrates,
there can be a risk of excess soluble indigestible carbohydrates which
may interfere with nutrient digestibility, particularly lipids [12]. On
the other hand, the cohesiveness and water stability of the extruded
feeds are achieved due to starch gelatinization. This macromolecular
transformation requires excessive heating which may impact the quality
and bioavailability of the other ingredients, according to Dominy et al.
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The binding potential of several natural (i.e. casein, wheat
gluten, palm starch, and sorghum starch), modified (i.e. hexa meta
phosphate, alginate, and manucol), and synthesized (i.e. bentonite,
urea formaldehyde, and polyvinyl alcohol) binders on water stability of
pelleted shrimp feed were evaluated by Lim and Cuzon [4]. In another
research, Dominy and Lim studied the effect of various commercial
binders on water stability and pellet durability of shrimp feeds [13].
Chen and Jenn suggested that phospholipid supplementation can
significantly improve the nutritional and physical stabilities of shrimp
feed in water. Brinker studied the effect of guar gum inclusion in
a plant-based trout diet and observed significant change in the fecal
properties [14]. Later on, the positive effects of maltose on improving
water stability and reducing nutrient leaching of pelleted fish feed were
also reported by Ighwela et al. [12].

One way to reduce the carbohydrate content of aquafeeds is to
consider the inclusion of non-starch polysaccharide binding agents or
gums. In addition to the effect of these binding agents on nutritional
quality of the feeds, their contributions and performances during the
extrusion processing as well as their effects on the physical properties of
the extruded aquafeed are also very critical. Non-starch polysaccharide
gums can be classified into two groups of plant-origin gums such as guar
gum, carboxymethylcellulose, wheat gluten, etc. and microbial-origin
(exopolysaccharide) gums such as pullulan and xanthan. Nonetheless,
there is scarce research on the effect of non-starch exopolysaccharide
gums on the physical properties of aquafeeds. Hence, the specific
objective of this study was to characterize and compare the behavior of
exopolysaccharide gums and plant-origin polysaccharide gums under
various single-screw extrusion processing conditions.

Materials and Methods
Feed blend preparation

Five different ingredient blends were formulated with graded
levels (3, 6, and 10% db) of various non-starch polysaccharide binders
including xanthan, wheat gluten, guar, carboxymethylcellulose (CMC),
and pullulan, along with appropriate quantities of Menhaden fish meal,
whole wheat flour, soybean oil, to mimic a practical feed formulation
for yellow perch. Micronutrients (i.e., vitamin and mineral premixes)
and other nutritional supplements were not included in extrusion
blends since they do not have any impact on the physical properties of
the feeds. The selected non-starch polysaccharide gums were of plant-
origin, except for xanthan and pullulan gums which were microbial
exopolysaccharides. Fish meal was purchased from Omega Protein,
Houston, TX; xanthan and guar gums were obtained from Purebulk,
Roseburg, OR; corn protein concentrate was supplied by Cargill, Inc.,
Dayton, OH; hard winter wheat flour was obtained from Bob’s Red Mill
Natural Foods, Milwaukie, OR; carboxymethylcellulose was obtained
from USB Corporation, Cleveland, OH; pullulan was donated by
Nagase America, New York, NY; soybean oil was donated by South
Dakota Soybean Processors, Volga, SD; and menhaden fish meal was
obtained from Omega Protein, Houston, TX.

All ingredients except gums were ground with a Fitzpatrick
comminutor (Elmhurst, IL) with 1 mm screen prior to dry blending.
Dry ingredients were blended for 20 min using a V-10 mixer containing
an intensifier bar (Vanguard Pharmaceutical Machinery, Inc., Spring,
TX). Dry blended feedstuffs were then transferred to a Hobart HL200
mixer (Troy, OH) where oils and water (20 + 2% db) were added and
blended for ~5 min. The blends stored at ambient temperature overnight
for moisture balancing prior to extrusion process.

Extrusion cooking process and experimental design

Extrusion cooking of fish feeds formulated with the selected gum
sources was conducted using a laboratory scale single-screw extruder
(Model PL 2000 Brabender Plasti-Corder, South Hackensack, NJ)
with a short barrel of 31.75 cm and L/D ratio of 20:1 consisting of
three independent heating zones equipped with a compressed-air
cooling system. Extrusion trials were performed with five gum sources
(xanthan, wheat gluten, guar, carboxymethylcellulose and pullulan),
2 levels of screw speed (SS) (100 and 150 rpm), and 3 levels of gum
inclusion (GL) (3, 6, and 10%). To acquire more distinct results for the
effect of utilized non-starch polysaccharide gums- with an emphasis on
exopolysaccharide gums- the barrel temperature gradient (feed zone-
compression zone-metering/cooking zone) , blends’ moisture content,
die nozzle dimension and screw compression ratio were kept constant
at 100°C-120°C-140°C, 20% db, L/D: 5.83 and screw compression
ratio of 3:1, respectively. A total of 30 extrusion trials were completed
and each trial was replicated only once. Approximately 1 kg of the
extrudates was collected at steady state condition when the screw was
rotated at a constant speed in response to the input torque (for 5 min).
The screw speed, input torque and the barrel temperature ingredients
were controlled by a computer control system. All the extruded diets
were air dried for 48 h before physical property testing.

Extrudate physical properties

Functional or physical properties of the extruded fish feeds
for treatment combinations were measured following the standard
procedures used in the previous study by Fallahi et al. [15]. Unit
density (UD, kg m*) was measured as the ratio of mass to volume for
randomly chosen extrudates, given the assumption of cylindrical shape
for the extruded diets [16]. Accordingly, volume of each extrudate was
calculated from extrudate diameter and height. Bulk density (BD, kg
m~) was measured with a standard bushel tester (Seedburo Equipment,
Chicago, IL, U.S.A.) as the ratio of the mass of the extrudates (kg)
occupying a given bulk volume to the volume of the bulk (m?) [17].
Expansion ratio (ER) or diametral expansion of the extrudate is defined
to be the ratio of the extrudate diameter to the diameter of the die nozzle
(3.0 mm) [18] which was measured using a digital caliper (Digimatic
Series No. 293, Mitutoyo Co., Tokyo, Japan). Pellet durability index
(PDI, %) was measured according to ASAE standard method $269.4
[19]. Using a pellet durability tester (PDI-110, Seedburo Equipment),
a known amount of extruded diets (200 + 5 g) was tumbled inside the
tester for 10 min and then sieved manually with a screen (No. 6) to
remove fines. Then, the PDI was calculated as the percentage of the
mass (g) of the extrudates remained on the screen after tumbling. Water
absorption index [WAI, (-) ] and Water solubility index (WSI, %) were
determined according to the method proposed by Jones et al. [20].
Stirred water stability (WS, min) was determined by recording the time
duration that extrudates were stable when spun around. Approximately,
1g of extrudates for each diet was placed in 200 mL of distilled water
and stirred with a magnet stirrer (Southeast Science, Model H4000-HS,
Korea) at low speed, which simulates the movement of water of pond,
until the extrudates broke or disintegrated [21]. Color scores included
L (brightness/darkness), a (redness/greenness), and b (yellowness/
blueness) were measured with a Minolta Chromameter (Model CM
2500d, Minolta, Japan).

Statistical analysis

Each physical property was measured with 3 replications except for
density and expansion ratio which were measured with 10 replications.
All data were analyzed using Microsoft Excel 2010 and SAS version 9.0
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software (SAS Institute, Cary, NC, USA). Analysis of Variance with type
I error rate of a=0.05 was used to determine if significant differences
resulted among the diet treatments. If a significant difference was
detected, then post host LSD tests were employed to determine where
the specific differences occurred.

Results and Discussion

The effects of different non-starch exopolysaccharide and
polysaccharide gums with graded levels of inclusion on the functional
characteristics of extruded yellow perch feeds were investigated. Gum
type had a significant effect on water absorption, water solubility and
pellet durability indices (Tables 1 and 2). Gum inclusion level had a
significant effect on all measured parameters, whereas, changing
the levels of screw speed from 100 to 150 rpm did not significantly
influence the functional properties of the extrudates (Table 3). All of
the extrudates were water stable for at least 25 min. In addition to the
effect of inclusion level of gums and screw speed, the compositions of
the experimental diets by itself could impact the physical properties of
the extrudates. The effect of diet compositions need to be considered in
future studies.

Unit density (UD, kg m™)

As shown in Table 3, only UD of the extrudates contained xanthan
gum was changed with the increasing level of gum inclusion from 3%
to 6%; elevating gum level from 3% to 10%, significantly increased unit
density values of extrudates containing xanthan, guar, wheat gluten,
CMC, and pullulan by 39.6%, 21%, 11.4%, 30%, and 19.7%, respectively.

The highest unit density of 1214 kg m~ was observed for the extrudates
containing 10% xanthan which were extruded at screw speed of 100
rpm (Table 4). Treatment combination effect of 3% CMC and screw
speed of 150 rpm resulted in extrudates with the lowest unit density of
821 kg m™. The interaction effect of GLxSS on unit density values of
the extrudates containing wheat gluten and pullulan was significant, Pr
<0.0001 (Table 5).

Typically, unit density of the extrudate which is affected by the
extent of starch gelatinization, dictates the expandability of the products
during extrusion processing as well as the buoyancy of the feeds. It is
possible that the hydration of the non-starch polysaccharide gum limits
the water availability and adversely affects the starch gelatinization.
In this study, the differences among the unit density values of the
extrudates indicate the different hydration capacity of the gums.
However, the effect of extrusion conditions on starch crystalinity and
water mobility restriction by gum cannot be neglected. Brennan et al.
reported that adding guar gum to extruded breakfast cereals increased
density of the extruded products. They suggested that guar gum may
have interfered with the expansion process and swelling capacity of
starch upon exiting the die.

Bulk density (BD, kg m™)

Bulk density is the other important property of the extrudates
commonly influenced by expansion phenomena occurring upon exiting
the extrudates from die section. The size, volume, and pore shape
irregularities inside the extrudates generated during water evaporation
and extrudate structuring affect the bulk density of the extrudates [22].

Xanthan Guar Wheat Gluten CMC Pullulan
Blend Ingredient (9/100g), db = 3% | 6% 10% 3% 6% | 10% | 3% 6% | 10% 3% 6% 10% 3% 6% 10%
Fishmeal, menhaden 417 | M7 MT 4T 4T 417 417 417 417 M7 417 417 417 41.7 417
Gum 3.0 6.0 | 10.0 3.0 6.0 10.0 3.0 6.0 10.0 3.0 6.0 10.0 3.0 6.0 10.0
Corn protein concentrate 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
Whole wheat flour 15.0 | 15.0 15.0 15.0 @ 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Cellufil 254 | 224 184 | 254 @ 224 18.4 254 224 184 | 254 224 18.4 254 224 18.4
Soybean oil 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1
Totals 100.0 100.1 |100.1 100.0 K 100.1 | 100.1 = 100.0 100.1 | 100.1 | 100.0 = 100.1 100.1 100.0 100.1 100.1
Proximate analysis of blend
Protein 375 | 375 | 375 376 377 37.9 39.8 421 452 | 375 37.5 375 37.5 37.5 37.5
Lipid 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Ash 1.3 | 116 | 120 11.0 11.1 11.1 11.0 11.0 11.1 11.0 11.0 11.0 11.0 11.0 11.0
NFE 422 | 419 416 424 @ 422 42.0 40.2 37.9 347 | 426 42.6 42.6 425 425 425
Table 1: Ingredient components in feed blends containing 3, 6, and 10% gum, and mean proximate composition of each.
. Property
Variable
UD (kg/m3) BD (kg/m3) ER () WAI (-) WSI (%) PDI (%) L(-) af(-) b ()
Gum (-)
Xanthan 10112 4612 0.99° 5.122 10.96° 71.63° 48.52 5.9° 23.92
(180) (95.0) (0.07) (1.80) (4.90) (16.80) (2.85) (1.44) (2.99)
Guar 9942 4242 1.022 6.022 11.30° 58.09° 50.32 5.6% 23.6°
(111) (82.0) (0.12) (1.70) (5.40) (13.50) (5.64) (0.96) (1.97)
10542 4422 1.032 3.18° 11.12° 70.65° 48.6* 5.9 23.42
Wheat Gluten
(96) (105.0) (0.13) (0.55) (6.30) (15.40) (4.50) (1.22) (1.81)
CMC 10352 4432 1.042 4.86% 9.96° 71.53° 49.52 5.8 24.12
(208) (76.0) (0.23) (1.78) (2.88) (8.70) (7.27) (1.33) (3.07)
Pullulan 10172 4462 0.992 2.92° 17.312 88.112 48.0° 5.22 20.3°
(106) (52.0) (0.13) (0.70) (7.78) (6.31) (4.46) (0.40) (3.67)

where, UD: Unit density; BD: Bulk density; ER: Expansion ratio; WAI: Water absorption index; WSI: Water solubility index; PDI: Durability index; L: Lightness; a: redness;
b: yellowness; Parentheses indicate +1 standard deviation; means followed by similar letters for a given dependent variable are not significantly different at P < 0.05

among treatments.

Table 2: The main effect of source of gum on extrudates’ physical properties.
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Parameter UD(kg/m?) BD(kg/m?) ER (-) WAI (-) WSI (%) PDI (%) L(-) a(-) b (-)
Xanthan

Gum Level (%)
3 860.0° 386.0° 0.96° 3.78° 7.19° 55.5° 47.1° 5.10° 22.4°
(40.0) (4.0) (0.03) (0.23) (1.17) (1.64) (1.63) (0.09) (0.30)
6 980.0° 404.3° 0.95° 4.06° 8.30° 65.6° 46.5° 4.92° 21.7°
(170.0) (4.0) (0.06) (0.34) (1.17) (2.20) (0.55) (0.13) (0.41)
10 1200.02 591.02 1.072 7.522 17.42 93.7¢ 51.92 7.912 27.5°
(110.0) (18.0) (0.03) (0.33) (1.78) (4.00) (1.90) (0.52) (2.50)

SS(rpm)
100 1036.02 468.0° 0.97° 5.002 11.62 70.8° 48.0° 5.772 23.12
(208.0) (104.0) (0.07) (1.88) (5.51) (15.60) (2.17) (1.27) (1.94)
150 986.22 453.32 1.022 5.232 10.42 72.5° 49.0° 6.18° 24.7°
(161.0) (91.0) (0.05) (1.89) (4.78) (18.90) (3.47) (1.64) (3.73)
Guar

Gum Level(%)
3 920.0° 375.4° 1.122 4.23° 7.56° 53.6° 46.8° 5.03° 22.4°
(39.0) (7.0) (0.05) (0.28) (1.03) (0.86) (1.85) (0.13) (0.13)
6 948.3° 362.0° 0.88° 5.78° 8.73° 45.3° 49.8%° 4.90° 22.6°
(73.0) (5.0) (0.08) (0.64) (2.41) (0.82) (1.64) (0.12) (0.57)
10 1113.32 534.42 1.07° 8.05° 17.62 75.32 54.22 6.88° 25.82
(43.0) (29.0) (0.09) (0.22) (4.30) (6.44) (8.31) (0.38) (2.05)

SS(rpm)

100 972.3° 419.22 1.032 6.002 12.22 56.5° 52.22 5.582 23.9°
(131.0) (67.0) (0.08) (1.86) (7.07) (10.40) (7.30) (0.94) (2.64)
150 1015.42 428.6° 1.022 6.042 10.42 59.72 48.3° 5.612 23.22
(87.0) (98.0) (0.14) (1.68) (3.48) (16.50) (2.38) (1.04) (0.96)

Table 3: Main effects of gum inclusion level, and screw speed (SS) on extrudates physical properties blocked according to gum source; Parentheses indicate +1 standard
deviation; means followed by similar letters for a given dependent variable are not significantly different at P < 0.05 among treatments.

From commercial perspective, bulk density of biomaterials plays crucial
role in designing the storage facilities and packaging for economic
warehousing and transportation. Extrudates having higher BD requires
less space which facilitates transportation of more products in smaller
containers and reduces the total shipping cost [23].

As shown in Table 3, increasing gum incorporation level from 3%
to 6%, led to a 4.7% increase and a 7.2% decrease in BD values of the
extrudates contained xanthan and CMGC, respectively; while, it did not
affect the BD values of the extrudates produced using the other binders
(i.e. guar, wheat gluten, and pullulan). However, further increasing
of gum level to 10%, significantly increased BD of all extruded feeds
(a=0.05). This is to say that increasing the non-starch polysaccharide
inclusion resulted in product wall thickening. The minimum and
maximum BD values of 357 kg m?and 607 kg m™ were related to the
diets produced with 6% guar at 150 rpm and 10% xanthan at 100 rpm,
respectively. No significant differences were detected among treatments
with 10% gum inclusion level and screw speed of 150 rpm for BD
values of extrudates contained xanthan, guar, and CMC as the binding
agents (Table 4). Whereas, pullulan inclusion in yellow perch feed at
all levels significantly changed BD of the extrudates. These differences
reflect the specific rheological behavior of the gums, their chemical
compositions and their interactions with amylose and amylopectin
during the extrusion cooking [24]. As mentioned previously, all these
variables can be influenced by extrusion processing parameters such
as temperature and pressure. In this study, extruder temperature and
blend moisture contents were held constant. Also, the overall statistical
analysis did not show any considerable change in BD of the products
due to the individual effect of type of non-starch polysaccharide gum
used in this study and varying level of screw speed. Table 4 shows that
the combination effect of GL and SS at their highest level resulted in

significantly denser extrudates, regardless of type of binder. Analyses
across all collected data confirmed that there were significant differences
for BD values of extrudates due to interaction effects of independent
variables, except for the BD value of extrudates containing pullulan
(Table 5).

Expansion ratio (ER)

As presented in Table 3, the mean values of the expansion ratio
for the diets containing exopolysaccharide gums (i.e. xanthan and
pullulan) were smaller than those of the other diets. It was anticipated
that the magnitude of expansion would be reduced by gum inclusion
due to competing effect of gums for free water of the expanding matrix
and lowering its expansion capacities.

When xanthan was used as the binding agent, the expansion ratio
ranged from 0.94 to 1.08. It ranged from 0.85 to 1.15, 0.89 to 1.22, 0.94
to 1.21, and 0.89 to 1.19 for the diets used guar, wheat gluten, CMC, and
pullulan gums as binding agent, respectively (Table 4). As illustrated in
Figure 1, at screw speed of 150 rpm, expansion ratio values for three
experimental diets containing 10% pullulan, 10% wheat gluten gums
and 3% CMC were not significantly different at a=0.05. The highest
(1.22) and the lowest (0.85) ER values were observed for the treatment
combinations of 28 (10% wheat gluten-150 rpm screw speed) and
22 (6% guar-150 rpm screw speed), respectively. These differences
in expandability of the extrudates can be explained by the different
contribution of non-starch polysaccharides in bubble formation
upon exiting the die as observed by Brennan et al. [24]. They also
reported that the inclusion of guar gum had no significant effect on the
expansion ratio of the extruded breakfast cereals [25]. Wheat gluten
may interact with amylose and amylopectin of the starch component
of the blend during heating, which can lead to increased dough paste
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Parameter UD(kg/m?) BD(kg/m?) ER (-) WAI (-) WSI (%) PDI (%) L(-) a(-) b (-)
Wheat gluten
Gum Level (%)

3 1013.0° 375.2° 0.99° 2.64° 7.44° 61.3° 46.5° 5.09° 22.6°
(33.0) (3.0) (0.12) (0.07) (0.40) (2.06) (1.37) (0.22) (0.60)

6 1021.0° 365.3° 0.93° 3.02° 6.35° 58.9° 44.8° 5.07° 21.8°
(123.0) (5.0) (0.03) (0.01) (0.23) (1.67) (1.05) (0.05) (0.56)

10 1127 .42 585.02 1.16° 3.882 19.6° 91.72 54.62 7.562 25.82
(69.0) (16.0) (0.08) (0.05) (0.25) (1.80) (0.93) (0.23) (0.38)

SS(rpm)
100 1038.02 435.02 1.05° 3.202 11.32 70.22 49.3° 5.962 23.3°
(131.0) (101.0) (0.08) (0.58) (6.50) (15.00) (4.50) (1.21) (1.83)
150 1070.0? 449.0° 1.00° 3.18° 10.9° 71.12 48.0° 5.857 23.5°
(79.0) (113.0) (0.16) (0.57) (6.64) (16.70) (4.70) (1.28) (1.89)
CMC
Gum Level(%)

3 913.0° 406.8° 1.08° 3.54° 8.04° 76.12 43.3° 4.97° 21.9°
(269.0) (17.0) (0.39) (0.29) (0.76) (4.93) (2.38) (0.41) (0.88)
1006.0° 377.7° 0.992 3.82° 8.11° 60.8° 46.1° 4.93° 22.3°

6 (131.0) (14.0) (0.05) (0.50) (0.84) (3.89) (0.75) (0.15) (0.46)

10 1186.3° 543.62 1.05° 7.212 13.72 77.67 59.12 7.6% 28.12
(84.0) (23.0) (0.05) (0.48) (0.78) (3.02) (1.21) (0.48) (1.43)

SS(rpm)
100 1070.32 445.8° 1.00° 5.202 9.87¢2 72.8° 48.72 5.8.0% 2422
(111.0) (60.0) (0.06) (1.85) (3.41) (7.03) (7.87) (1.40) (3.64)
150 999.82 439.62 1.08° 4.51° 10.12 70.32 50.32 5.862 24.02
(27.0) (93.0) (0.31) (1.82) (2.56) (10.40) (7.00) (1.34) (2.61)
Pullulan
Gum Level(%)

3 937.3° 402.2° 0.88° 2.61° 11.4° 80.8° 45.3° 5.292 2270
(43.0) (5.0) (0.04) (0.04) (1.35) (0.73) (1.33) 0.12) (0.60)

6 992.5° 438.3° 0.96° 2.36° 12.8° 87.8° 44.9° 5.357 22.5°
(89.0) (57.0) (0.08) (0.04) (0.64) (0.83) (1.91) (0.32) (1.65)

10 1122.0° 498.72 1.152 3.80° 27.70 95.72 53.82 4.85° 15.7°
(78.0) (8.0) (0.06) (0.45) (0.80) (0.87) (1.38) (0.50) (2.27)

SS(rpm)
100 1023.42 436.0° 0.962 3.032 17.12 88.12 48.0° 5.362 21.42
(125.0) (46.0) (0.10) (0.87) (7.81) (6.68) (4.40) (0.29) (3.14)
150 1011.0° 457.22 1.03° 2.822 17.62 88.12 48.0° 4.97° 19.22
(85.0) (57.0) (0.14) (0.54) (8.49) (6.32) (4.79) (0.42) (3.98)

Table 4: Main effects of gum inclusion level, and screw speed (SS) on extrudates physical properties blocked according to gum source; Parentheses indicate +1 standard
deviation; means followed by similar letters for a given dependent variable are not significantly different at P<0.05 among treatments.

viscosity during extrusion affecting expansion phenomena. Typically,
unit density of the extruded feeds is inversely related to the extent of
expansion ratio of the products during extrusion processing; however,
our results did not support their findings. As the unit density increased,
expansion ratio of the extrudates was also increased for all types of gums
evaluated. Although speculation, it would be reasonable to assume that
the difference in expansion behavior of non-polysaccharides used in

m Xanthan BGuar @ Wheat gluten @CMC @D Pullulan

773

7 :i i E |
this study could be due to their interactions with the starch component ' 1 2= EE g 5? il _? i 7 %E?
of the mixture which caused different plasticization behavior and thus SE v égiﬂ BV ’égﬁ %E‘ %E?
differed their physicochemical transformations during extrusion. s 5? % E ; Z E ; 2 E é ZE 2 % = ?
= ZI= ZI= = = 7=

Several studies have been conducted to investigate the effect s E; Z E 2 2 E a 2 E ? 25 g g = ?

of different binders on water stability and performance of pelleted o INEZ 784 ZElZ ZE1 7l ZEl
100/3 15073 100/6 150/6 100/10 150/10

aquafeed [26,27]. To our knowledge, there is no published literature on
the effect of extrusion processing and non-starch polysaccharide gum
inclusion on expandability of aquafeeds. Solomon et al. studied the Figure 1: Effect of gum, gum level, and screw speed on expansion ratio (
effect of different starch-based bin ding agents (wheat grain starch. corn standard deviation; bars with different letters were significantly different).

Screw speed (rpm) /Gum level (%)
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grain starch, millet grain starch, guinea corn grain starch and cassava
tuber starch) with yeast Saccharomyces cerevisae on the floatation
property of fish feed [28].

Water absorption (WAI)

Typically, water absorption of extrudates can be attributed to
structural changes in polymeric (i.e. protein and starch) and/or non-
polymeric (i.e. lipid) macromolecular components of the feed blend.
Increasing the gum levels from 3% to 6% did not change the WAI values
for xanthan, CMC, and pullulan extrudates but did result in increased
WAI values by 36.6% and 14.4% for guar and wheat gluten extrudates,
respectively (Table 3). Moreover, with an increase in gum content from
6% to 10%, a substantial increase in WAI values by of 85.2%, 39.3%,
28.5%, 88.7%, and 61% was observed for xanthan, guar, wheat gluten,
CMC, and pullulan gum extrudates, respectively. The WAI values
ranged from 3.77 to 7.64 for xanthan gum extrudates, from 4.0 to 8.10
for guar gum extrudates, from 2.64 to 3.88 for wheat gluten extrudates,
from 3.29 to 7.86 for CMC extrudates, and from 2.33 to 4.11 for
pullulan gum extrudates (Table 4). The highest WAI value (8.10) was
obtained for extruded diets containing guar gum followed by xanthan
gum and the lowest WAI value (2.33) was for extruded diets containing
pullulan gum. The different chemical structure of the gums is likely the
main reason of their varying water holding capacities after extrusion
cooking. Solubilization of the oligosaccharide components of these
polysaccharides during the extrusion could affect the water adsorption
index of the extrudates [29]. According to Sereno et al., the higher water

Variable
G SS (rpm) GL (%) UD (kg/m?) BD(kg/m?)
100 856 3889
c 150 3 861hi 3849m
_.:‘f 100 6 10409 408
5 150 9139 401"
. 100 10 12142 607°
150 1183 5750
100 3 854 382mm
150 986¢" 368km
§ 100 6 958¢ 366¢m
[T 150 938 357m
100 10 11052 508¢e
150 11212 560°
100 10280 373m
g 150 3 997de 378
5 100 . 923+ 361
E: 150 11202 369¢m
§ 100 10 11622° 571°
150 10932 5992
100 3 1004°9 4229
150 821 0.392
[3) 100 10450 391«
= 6 :
3 150 967¢ 364km
100 10 11622¢ 524¢
150 12102 563¢
100 3 963¢ 389"
c 150 9119 4069
E 100 6 9279 412¢h
E 150 105829 465'
100 11792 497
150 10 106429 500¢e

absorption of xanthan gum could be due to the formation of particles
with swelling polyelectrolyte gel characteristics upon exposure to water.
Cross linking of the helical structure of xanthan during extrusion
processing could result in formation of such particles.

Water solubility index (WSI)

The water solubility index of fish feed indicates the integrity of
extrudates in the aqueous environment. In general, the WAI and
WSI values reflect the hydrophobic and hydrophilic nature of the
extrudates which can be influenced by degree of starch degradation,
protein denaturation, and the hydration dynamics of fiber. Typically, an
inverse relation between WAI and WSI values would be anticipated for
extrudates [30]. However, in our study, no such relation was observed
for WAI and WSI values of gum included extrudates.

As gum inclusion level was increased from 6% to 10%, a striking
increase could be observed in WSI values by 109.6%, 101.6%, 208.7%,
69%, and 116.4% for xanthan, guar, wheat gluten, CMC, and pullulan
gum extrudates, respectively. The data showed a general trend toward
higher WSI for the diets containing pullulan. In addition, the highest
WSI value (28.43%) and the lowest WSI value (6.19%) were observed
for pullulan and wheat gluten extrudates, respectively (Table 4). The
higher WSI values for pullulan gum extruded diets might be due to
extensive depolymerisation of pullulan exopolysaccharides and
degradation of maltotriose units of pullulan in the mixture. On the
other hand, the lower WSI values for wheat gluten extrudates could be
due to interactions with gluten protein in the mixture which might also

Property
ER(-) WSI (%) WAI(-) PDI (%) L(-) af(-) b (<)
0.94<1 6.77" 3.77H 54.6™ 46.9%" 5.04¢ 22.5
0.981 7.60" 3.79" 56.4'm 47.2%0 5.16% 2234
0.90°f 9.52n 3.84¢ 67.69 46.7%" 4.81¢ 21.4n
0.99>f 7.08" 4.27¢ 63.7" 46.34%" 5.04¢ 22 9N
1.062¢ 18.34¢ 7.40% 90.1° 50.5¢ 7.50° 25.4%
1.082¢ 16.45¢ 7.64% 97.42 53.3¢ 8.40° 29.67
1.10%° 8.681 4.00%" 54.0m™ 46.1%" 5.12% 22.5
1.152 6.44' 4.46° 53.3" 47.5%9 4.94% 223
0.90°f 6.66" 6.00¢ 46.0° 48.78¢% 4.84° 2219
0.85 10.80¢" 5.57¢ 44.6° 50.7¢ 4.92¢ 23.0°9
1.073¢ 21.20° 8.00%° 69.59 61.8° 6.80° 27.4°
1.072¢ 14.04¢ 8.107 81.1¢ 46.6°" 6.97° 24.1¢
1.10%¢ 7.74+ 2.64% 62. 1" 47.6° 5.30% 22.9¢"
0.89¢ 7.13+ 2.64% 60.61 45.4% 4.93¢ 223
0.95%1 6.51 3.01j¢ 58.6" 45.1% 5.07¢ 21.59
0.90°f 6.19' 3.03 59.45 44.6" 5.07¢ 22.2%
1.118abe 19.66 3.88¢ 90.0° 55.0° 7.60° 25.6°
1.222 19.48% 3.88¢ 93.3° 54.1¢ 7.60° 25.9°
0.94°f 7.79 3.784 79.6° 41.41 4.80°f 21.3"
1.212 8.28+ 3.29i 72.7° 45,1 5.14¢% 22.54
0.99° 7.59" 4.25¢ 63.9" 45.9% 5.00¢ 22.5%
0.99>f 8.62* 3.39M 57.7% 46.2%" 4.86° 2219
1.073¢ 14.23¢ 7.56% 74.9 58.8° 7.60° 28.82
1.030 13.24¢ 6.86° 80.4¢ 59.5° 7.60° 27 .4°
0.89% 11.019" 2.59 80.8° 45.6" 5.30% 23.1e9
0.88¢ 11.74% 2.644 80.7¢ 45.0 5.30% 22.34
0.90% 13.12¢f 2.38¢ 87.3¢ 44 .99 5.6¢ 23.7¢
1.030 12.50%¢ 2.33 88.3 45.0" 5.11d 21.2
1.09%¢ 27.062 4.11e9 96.22 53.6° 5.20° 17.4
1.192 28.432 3.4891 95.220 54.0° 4.53f 14.1%

Table 5: Treatment combination effect of gum source (G), gum inclusion level (GL), and screw speed (SS) on extrudates’ properties: means followed by similar letters for
a given dependent variable are not significantly different at P < 0.05 among treatments.
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i Extrudate properties
Gum source Interactions
UD(kg/m?) BD(kg/m?) ER(-) WAI(-) WSI (%) PDI(%) L(-) a(-) b(-)
GL <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Xanthan SS 0.2651 <.0001 <.0001 0.2601 0.1578 0.003 0.1671 <.0001 0.0004
GLxSS 0.4714 <.0001 0.009 0.6844 0.2265 <.0001 0.1420 0.0002 0.0002
GL <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Guar SS 0.0789 0.0020 0.9732 0.9031 0.0133 <.0001 <.0001 0.7996 0.0332
GLxSS 0.0357 <.0001 0.1278 0.4367 0.0003 <.0001 <.0001 0.4811 0.0010
GL 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Wheat gluten SS 0.1440 <.0001 0.0002 0.9397 0.0342 0.2877 0.0134 0.1836 0.5972
GLxSS <.0001 <.0001 <.0001 0.969 0.4662 0.0688 0.2619 0.2117 0.1122
GL 0.0074 <.0001 0.6944 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
CMC SS 0.2902 0.1438 0.4042 0.0010 0.7023 0.0432 0.0171 0.7376 0.6711
GLxSS 0.3678 <.0001 0.2669 0.4852 0.2218 0.0010 0.0556 0.5752 0.0792
GL <.0001 0.0008 <.0001 <.0001 <.0001 <.0001 <.0001 0.0143 <.0001
Pullulan SS 0.5034 0.1845 0.0001 0.1155 0.4198 0.9184 0.9883 0.0105 0.0008
GLxSS <.0001 0.3666 0.0010 0.0952 0.401 0.1295 0.8807 0.1444 0.1416

Table 6: Interaction effects of extrudate properties due to source of gums, screw speed and gum levels (p values).

contribute to decreasing the leaching of the ingredients in the sample
mixture. It can be also due to protein denaturation and increased
hydrophobic amino acid side chain exposure to water.

Changing the screw speed did not produce any significant
differences for WAI and WSI values of the gum treated extrudates
at a=0.05 (Table 3). Also, the interaction effect of GLxSS was not
significant for WAI and WSI values (Table 6).

In astudy conducted by Rusco et al., the effects of CMC, carrageenan,
agar, and gelatin binders and feed moisture content on pelleted crayfish
feed were investigated [31]. They reported that carrageenan and
CMC binders were remarkably more effective in maintaining water
stability. They also suggested that alginate at low moisture content of
10% resulted in more water stable pellets. In our experiment, CMC
inclusion resulted in extrudates with relatively low water solubility
index (mean=9.95%; CV=28%). Kaur et al. postulated that the water
absorption capacity of extruded products increased with an increasing
concentration of polysaccharides of the blend, however this response
strongly depended on the type of polysaccharides [32]. A lower water
solubility index provides higher water stability of the extrudates, and
increases feed availability duration for fish, and provides less or slower
nutrient losses. However, very low water solubility may result in lower
digestibility of the extruded feed. When the water solubility and stability
are optimized, there will likely be maximum nutrient utilization (of a
given blend) which enhances the feed efficiency.

Pellet durability index (PDI)

Not only is the water stability of fish feed extrudates is important to
aquaculture industry, but the physical stability of these products against
the external mechanical forces during the bulk handling and storage
processes is also a very crucial factor [33]. One method to quantify
the mechanical strength of fish feed extrudates is by determining the
pellet durability index (PDI) of extrudate or pellet. As shown in Table
2, the PDI values of the extrudates were significantly affected by type
of gums. However, the PDI values for xanthan (mean=71.6; CV=1.37),
wheat gluten (mean= 70.6; CV=2.27) and CMC (mean: 71.5; CV=3.33)
extrudates were not significantly different (a=0.05). The main effects
of independent extrusion variables on the PDI of the gum-treated
products are presented in Table 3. While changing screw speed did not
significantly (a=0.05) affect the PDI values of extrudates, varying the
inclusion level of gum exhibited a significant effect on this property.
Increasing GL from 3% to 10%, curvilinearly increased PDI values for

xanthan, guar, and wheat gluten extrudates. Increasing GL from 3% to
10% linearly (R?=0.97) increased PDI values for pullulan extrudates, but
it did not change this value for CMC extrudate. This rising trend in PDI
could be due to the fact that the higher concentration of gums resulted
in more contact surfaces among the extrudates particles (by reducing
void spaces) leading to a chemical reaction during the extrusion
cooking, transformation of ingredients’ nature, and increasing the
pellet durability [34].

The data showed a general trend toward higher PDI for the diets
containing pullulan, ranging from 80.7% to 96.2%, as depicted in Table
4. The higher PDI values of pullulan gum extrudates indicate that
these extrudates could be more resistant to mechanical forces during
transportation and storage.

According to Rosentrater et al., PDI quality of the extrudates can
be influenced by the extent of heat treatment, along with the level of
macromolecules transformed (such as starch gelatinization) and water
content applied during the extrusion process. In fact, the gums used in
this study came from different sources. This is relevant, as the differing
constituent compositions of gums may interact with other ingredients
of the blend. Hence, the possibility of multifactorial interpretation
for some of the effects cannot be ignored. Also, the striking effect of
gum type on PDI values of the fish feed extrudates might be due to the
differing behaviors of these non-starch polysaccharides in gelatinization
phenomena during the extrusion processing. Although, non-starch
polysaccharides do not contribute in gelatinization, their presence in
feed matrix can generally alter the gelatinization characteristics of the
starch component [35]. Consequently, gums can affect the rheology of
the extruding blend, viscosity, developed barrel pressure and ultimately
the extent of heat treatment.

The lower PDI values of guar gum extrudates might be due to the
interaction of its polysaccharides, galactose and mannose, with the
proteins, which resulted in poor macromolecular transformation, weak
gelation, reduced cohesion, and hence the durability of the extrudates.
Brinker et al. suggested that addition of non-polysaccharide binder such
as guar gum in plant-based fish diets could successfully suppress the
mechanical instability of chyme and feces. However, they did not study
the effect of this non-starch polysaccharide on mechanical stability of
fish feed before consumption. As depicted in Table 6, interaction effect
of GLxSS on PDI was not significant for extrudates containing pullulan
and wheat gluten.
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Color (L, a, and b)

Color change is one of the quality indicators for protein-based
cooked materials in the food and feed industries. The interaction
between the reducing ends of carbohydrate and protein components
of the feed can lead to a Maillard reaction, resulting in a wide range of
products with significantly different nutritional values. These changes
can decrease digestibility and bioavailability of essential amino acids
such as lysine. Statistical analyses across all the collected data confirmed
that changes in type of gum did not result in statistically significant
differences in color values of extrudates at a=0.05 (Table 2). Only the
yellowness score of the pullulan extrudates was considerably different
compared to that of the other extrudates (Table 2). For all gums used in
this study, lighter extrudates resulted in greater PDI values, except for
guar gum (Table 6).

Conclusions

The objective of this study was to assess and compare the effects of
non-starch polysaccharide gums including plant-origin gum (i.e. guar,
wheat gluten, and CMC) and microbial-origin exopolysaccharides (i.e.
xanthan and pullulan) on physical properties of aquadiet during single-
screw extrusion processing. Using the extrusion conditions employed
during these experiments it was found that exopolysaccharide gums
resulted in extrudates with significantly better PDI than plant-origin
gums. The water solubility index of pullulan included extrudates was
considerably high compared to the other products and it constantly
increased with increasing level of gum inclusion. It was also observed
that the mean values of expansion ratio for the diets containing
exopolysaccharide gums (i.e. xanthan and pullulan) were smaller than
those of the other diets. However, at the highest levels of gum inclusion
and screw speed, both pullulan and wheat gluten gums showed to have
better contribution in expandability of the fish feed extrudates.

Inclusion of gums at the highest level resulted in denser extrudates;
it also simultaneously induced an increase in expansion ratio of all
products. The yellowness score of pullulan extrudates at higher level
of gum inclusion was considerably low compared to other extrudates
which might result in differences in nutritional quality of the extruded
feeds. It is noteworthy that the extrudates’ textural variability was
reduced by higher levels of gum additions, resulting in more uniform
products.

Future research could involve testing the effect of gradual
substitution of starch with non-starch polysaccharides, the effect of
feed composition, as well as the effect of different extrusion processing
parameters on physical quality of plant-based fish feed extrudates.

Acknowledgment

The authors would like to thank the Agricultural Experiment Station and
South Dakota State University for the funding, facilities, equipment and supplies.
Furthermore, the assistance of Dr. Bishnu Karki during the extrusion processing is
greatly appreciated.

References
1. Shiau S (2002) Tilapia, Oreochromis spp.

2. ChenHY, Jenn JS (1992) Increased pellet water stability by the supplementation
of phospholipid and its effects on shrimp growth. Asian Fisheries Science 5:
211-217.

3. Hart SD, Garling DL, Malison JA (2006) Yellow perch (Perca flavescens) culture
guide. North Central Regional Aquaculture Center Culture Series.

4. Lim C, Cuzon G (1994) Water stability of shrimp pellet: Areview. Asian Fisheries
Science 7: 115-127.

5. Riaz MN (2008) Extrusion of Aquafeeds Formulated with Alternative Protein

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Fallahi

.ASAE (1996) American Society of Agricultural

Sources in Aquaculture Diets. The Haworth Press, Taylor & Francis Group.

Fallahi P, Muthukumarappan K, Rosentrater KA, Brown ML (2012) Twin-screw
Extrusion Processing of Vegetable-based Protein Feeds for Yellow Perch
(Perca flavescens) Containing Distillers Dried Grains, Soy Protein Concentrate,
and Fermented High Protein Soybean Meal. Journal of Food Research 1: 1-17.

Ravindran G, Carr A, Hardacre A (2011) A comparative study of the effects of
three galactomannans on the functionality of extruded pea-rice blends. Food
Chemistry 124: 1620-1626.

Kannadhason S, Muthukumarappan K, Rosentrater KA (2009) Effect of Starch
Sources and Protein Content on Extruded Aquaculture Feed Containing DDGS.
Food and Bioprocess Technology 4: 282-294.

Overturf K (2009) Molecular research in aquaculture. Wiley-Blackwell, USA.

.Hemre GI, Mommsen TP, Krogdahl A (2002) Carbohydrates in fish nutrition:

effects on growth, glucose metabolism and hepatic enzymes. Aquaculture
Nutrition 8: 175-194.

. Wilson RP (1994) Utilization of dietary carbohydrate by fish. Aquaculture 124:

67-80.

.Ighwela KA, Ahmad AB, Abol-Munafi AB (2013) Water stability and nutrient

leaching of different levels of maltose formulated fish pellets. Global Veterinaria
10: 638-642.

.Dominy WGL (1991) Performance of binders in pelleted shrimp diets.

Proceedings of the Aquaculture Feed Processing and Nutrition Workshop,
American Soybean Association, Singapore.

. Brinker A (2009) Improving the mechanical characteristics of faecal waste

in rainbow trout: the influence of fish size and treatment with a non-starch
polysaccharide (guar gum). Aquaculture Nutrition 15: 229-240.

P, Rosentrater KA, Muthukumarappan K, Brown ML (2014)
Characteristics of Vegetable-Based Twin-Screw Extruded Yellow Perch (Perca
flavescens) Diets Containing Fermented High-Protein Soybean Meal and
Graded Levels of Distillers Dried Grains with Solubles. Cereal Chemistry 91:
79-87.

. Rosentrater KA, Richard TL, Bern CJ, Flores RA (2005) Small-Scale Extrusion

of Corn Masa By-Products. Cereal Chemistry 82: 436-446.

. USDA (2009) Practical Procedures for Grain Handlers. Washington, DC.
. Colonna P, Tayeb J, Mercier C (1990) Extrusion cooking of starch and starchy products

in extrusion cooking. American Association of Cereal Chemists. St Paul, Minnesota.

Engineers Standards,
Engineering Practices, and Data. ASAE: St. Joseph, MI.

Jones D, Chinnaswamy R, Tan Y, Hanna M (2000) Physiochemical properties
of ready-to-eat breakfast cereals. Cereal Foods World 45: 164-168.

Ayadi FY, Rosentrater KA, Muthukumarappan K, Brown ML (2011) Twin-Screw
Extrusion Processing of Distillers Dried Grains with Solubles (DDGS)-Based
Yellow Perch (Perca flavescens) Feeds. Food and Bioprocess Technology 5:
1963-1978.

Chevanan N, Rosentrater KA, Muthukumarappan K (2007) Twin-Screw
Extrusion Processing of Feed Blends Containing Distillers Dried Grains with
Solubles (DDGS). Cereal Chemistry 84: 428-436.

Guy R (2001) Extrusion Cooking: Technologies and Applications. CRC Press,
Cambridge, UK.

Brennan MA, Monro JA, Brennan CS (2008) Effect of inclusion of soluble and
insoluble fibres into extruded breakfast cereal products made with reverse
screw configuration. International Journal of Food Science & Technology 43:
2278-2288.

Brennan MA, Merts |, Monro J, Woolnough J, Brennan CS (2008) Impact of
Guar and Wheat Bran on the Physical and Nutritional Quality of Extruded
Breakfast Cereals. Starch - Starke 60: 248-256.

Dominy WG, Cody JJ, Terpstra JH, Obaldo LG, Chai MK, et al. (2004) A
Comparative Study of the Physical and Biological Properties of Commercially-
Available Binders for Shrimp Feeds. Journal of Applied Aquaculture 14: 81-99.

Huang HJ (1989) Aquaculture feed binders. In: Proceedings of the People’s
Republic of China Aquaculture and Feed Workshop, American Soybean
Association, Singapore.

Solomon SG, Ataguba GA, Abeje A (2011) Water Stability and Floatation Test of

J Food Process Technol
ISSN: 2157-7110 JFPT, an open access journal

Volume 6 « Issue 6 » 1000457


http://dx.doi.org/10.4172/2157-7110.1000457
http://www.mbi.nsysu.edu.tw/hychen/Refereed/12.HTM
http://www.mbi.nsysu.edu.tw/hychen/Refereed/12.HTM
http://www.mbi.nsysu.edu.tw/hychen/Refereed/12.HTM
https://www.extension.org/mediawiki/files/4/4a/Yellow_Perch_Culture_Guide.pdf
https://www.extension.org/mediawiki/files/4/4a/Yellow_Perch_Culture_Guide.pdf
http://www.asianfisheriessociety.org/publication/abstract.php?id=870
http://www.asianfisheriessociety.org/publication/abstract.php?id=870
http://www.ccsenet.org/journal/index.php/jfr/article/view/17394/12508
http://www.ccsenet.org/journal/index.php/jfr/article/view/17394/12508
http://www.ccsenet.org/journal/index.php/jfr/article/view/17394/12508
http://www.ccsenet.org/journal/index.php/jfr/article/view/17394/12508
http://www.sciencedirect.com/science/article/pii/S0308814610010186
http://www.sciencedirect.com/science/article/pii/S0308814610010186
http://www.sciencedirect.com/science/article/pii/S0308814610010186
http://link.springer.com/article/10.1007%2Fs11947-008-0177-4
http://link.springer.com/article/10.1007%2Fs11947-008-0177-4
http://link.springer.com/article/10.1007%2Fs11947-008-0177-4
http://www.aquafeed.co.uk/press_release_story.php?press_release=103
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2095.2002.00200.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2095.2002.00200.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2095.2002.00200.x/abstract
http://www.sciencedirect.com/science/article/pii/0044848694903638
http://www.sciencedirect.com/science/article/pii/0044848694903638
http://www.researchgate.net/publication/256662815_Water_Stability_and_Nutrient_Leaching_of_Different_Levels_of_Maltose_Formulated_Fish_Pellets
http://www.researchgate.net/publication/256662815_Water_Stability_and_Nutrient_Leaching_of_Different_Levels_of_Maltose_Formulated_Fish_Pellets
http://www.researchgate.net/publication/256662815_Water_Stability_and_Nutrient_Leaching_of_Different_Levels_of_Maltose_Formulated_Fish_Pellets
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2008.00587.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2008.00587.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2008.00587.x/abstract
http://www.aaccnet.org/publications/cc/2014/January/Pages/91_1_79.aspx
http://www.aaccnet.org/publications/cc/2014/January/Pages/91_1_79.aspx
http://www.gipsa.usda.gov/fgis/publication/ref/primer.pdf
http://www.envirosource.com/domino/thielen/envrsrc.nsf/SearchAll/14BD6250302BC8F886256621007D03A7?OpenDocument
http://www.envirosource.com/domino/thielen/envrsrc.nsf/SearchAll/14BD6250302BC8F886256621007D03A7?OpenDocument
http://openagricola.nal.usda.gov/Record/IND22058277
http://openagricola.nal.usda.gov/Record/IND22058277
http://link.springer.com/article/10.1007%2Fs11947-011-0535-5
http://link.springer.com/article/10.1007%2Fs11947-011-0535-5
http://link.springer.com/article/10.1007%2Fs11947-011-0535-5
http://link.springer.com/article/10.1007%2Fs11947-011-0535-5
http://www.aaccnet.org/publications/cc/2007/September/Pages/84_5_428.aspx
http://www.aaccnet.org/publications/cc/2007/September/Pages/84_5_428.aspx
http://www.aaccnet.org/publications/cc/2007/September/Pages/84_5_428.aspx
http://www.amazon.com/Extrusion-Cooking-Applications-Robin-Guy/dp/0849312078
http://www.amazon.com/Extrusion-Cooking-Applications-Robin-Guy/dp/0849312078
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01867.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01867.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01867.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01867.x/abstract
http://onlinelibrary.wiley.com/doi/10.1002/star.200700698/abstract
http://onlinelibrary.wiley.com/doi/10.1002/star.200700698/abstract
http://onlinelibrary.wiley.com/doi/10.1002/star.200700698/abstract
http://www.tandfonline.com/doi/abs/10.1300/J028v14n03_07
http://www.tandfonline.com/doi/abs/10.1300/J028v14n03_07
http://www.tandfonline.com/doi/abs/10.1300/J028v14n03_07
http://ojs.excelingtech.co.uk/index.php/IJLTAFS/article/view/105

Citation: Brown ML, Fallahi P, Muthukumarappan K, Singha P, Sindelar S (2015) A Comparative Study of the Effects of Non-starch Polysaccharide
Gums on Physical Properties of Single-screw Extruded Aquafeed. J Food Process Technol 6: 457. doi:10.4172/2157-7110.1000457

Page 9 of 9

Fish Pellets using Local Starch Sources and Yeast (Saccahromyces cerevisae).
International Journal of Latest Trends in Agriculture and Food Science 1: 1-5.

29. Robin F, Schuchmann HP, Palzer S (2012) Dietary fiber in extruded cereals:
Limitations and opportunities. Trends in Food Science & Technology 28: 23-32.

30. Anderson RA, Conway HF, Pfeifer VF, Griffin LE (1969) Gelatinization of corn
grits by roll and extrusion cooking. Cereal Science Today 14: 4-7.

31. Ruscoe IM, Jones CM, Jones PL, Caley P (2005) The effects of various binders
and moisture content on pellet stability of research diets for freshwater crayfish.
Aquaculture Nutrition 11: 87-93.

32. Kaur K, Singh N, Sekhon KS, Singh B (1999) Effect of hydrocolloids and

Citation: Brown ML, Fallahi P, Muthukumarappan K, Singha P, Sindelar S
(2015) A Comparative Study of the Effects of Non-starch Polysaccharide Gums
on Physical Properties of Single-screw Extruded Aquafeed. J Food Process
Technol 6: 457. doi:10.4172/2157-7110.1000457

process variables on the extrusion behaviour of rice grits. Journal of Food
Science and Technology 36: 127-132.

33. Rosentrater KA, Muthukumarappan K, Kannadhason S (2009) Effects of

ingredients and extrusion parameters on aquafeeds containing DDGS and
potato starch. Journal of Aquaculture Feed Science and Nutrition 1: 22-38.

34.DeSilva SS, Anderson TA (1995) Fish Nutrition in Aquaculture. Springer

Science & Business Media, London, UK.

35. Tester RF, Sommerville MD (2003) The effects of non-starch polysaccharides

on the extent of gelatinisation, swelling and a-amylase hydrolysis of maize and
wheat starches. Food Hydrocolloids 17: 41-54.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:

User friendly/feasible website-translation of your paper to 50 world’s leading languages
¢ Audio Version of published paper
Digital articles to share and explore

Special features:

400 Open Access Journals

30,000 editorial team

21 days rapid review process

Quality and quick editorial, review and publication processing

Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled

Authors, Reviewers and Editors rewarded with online Scientific Credits

Better discount for your subsequent articles

Submit your manuscripts as E- mail: http://www.omicsonline.org /submission/

J Food Process Technol
ISSN: 2157-7110 JFPT, an open access journal

Volume 6 « Issue 6 » 1000457


http://dx.doi.org/10.4172/2157-7110.1000457
http://ojs.excelingtech.co.uk/index.php/IJLTAFS/article/view/105
http://ojs.excelingtech.co.uk/index.php/IJLTAFS/article/view/105
http://www.sciencedirect.com/science/article/pii/S0924224412001240
http://www.sciencedirect.com/science/article/pii/S0924224412001240
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00324.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00324.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00324.x/abstract
http://serials.unibo.it/cgi-ser/start/it/spogli/df-s.tcl?prog_art=6314888&language=ITALIANO&view=articoli
http://serials.unibo.it/cgi-ser/start/it/spogli/df-s.tcl?prog_art=6314888&language=ITALIANO&view=articoli
http://serials.unibo.it/cgi-ser/start/it/spogli/df-s.tcl?prog_art=6314888&language=ITALIANO&view=articoli
http://www.medwelljournals.com/abstract/?doi=joafsnu.2009.22.38
http://www.medwelljournals.com/abstract/?doi=joafsnu.2009.22.38
http://www.medwelljournals.com/abstract/?doi=joafsnu.2009.22.38
http://books.google.co.in/books/about/Fish_Nutrition_in_Aquaculture.html?id=zCPvmeRx9mQC
http://books.google.co.in/books/about/Fish_Nutrition_in_Aquaculture.html?id=zCPvmeRx9mQC
http://www.sciencedirect.com/science/article/pii/S0268005X02000322
http://www.sciencedirect.com/science/article/pii/S0268005X02000322
http://www.sciencedirect.com/science/article/pii/S0268005X02000322
http://dx.doi.org/10.4172/2157-7110.1000457

	South Dakota State University
	Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange
	5-2015

	A Comparative Study of the Effects of Non-starch Polysaccharide Gums on Physical Properties of Single-screw Extruded Aquafeed
	Michael Brown
	Parisa Fallahi
	Kasiviswanathan Muthukumarappan
	Poonam Singha
	Scott Sindelar
	Recommended Citation


	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Materials and Methods
	Feed blend preparation 
	Extrusion cooking process and experimental design 
	Extrudate physical properties 
	Statistical analysis 

	Results and Discussion 
	Unit density (UD, kg m-3) 
	Bulk density (BD, kg m-3) 
	Expansion ratio (ER) 
	Water absorption (WAI) 
	Water solubility index (WSI) 
	Pellet durability index (PDI) 
	Color (L, a, and b) 

	Conclusions 
	Acknowledgments 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Figure 1
	References

