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Introduction

Abstract

The objective of this study was to investigate effects of Spirulina meal (SM) inclusion
in fish feed formulations on their physical and protein content. Four formulations of
fish feed were carried out i.e. a control diet with fishmeal (FM) as the single protein
source and three others formulations containing Spirulina meal (SM) ingredient in
different ratios of FM:SM (w/w) namely 75:25; 50:50 and 25:75 (w/w). All the
formulations were processed into pellets using an extruder with a 600 rpm screw
speed, 100°C barrel temperature, and 3 mm diameter of dies. The dried pellets were
then evaluated with respect to the protein content and physical properties i.e.
expansion ratio, unit density, floatability and hardness. In general, the most optimum
pellet formulation was found at the ratio of 25:75 (FM: SM) ingredients resulted in
pellet with higher protein (38.89%) and expand ratio (1.65 fold), the lowest unit
density (0.473 mg/mm3), the highest floatability (100%) and less hardness (32.53 N).
Therefore, formulation of floating fish feed included with Spirulina are an option for
improving its protein content and physical properties.

microalgae, Spirulina sp. shows a high potential to be
used in fishmeal production (Sheikhzadeh et al., 2019).

The need for fish feed increases continuously along
with the production growth of aquaculture in Indonesia
(Ministry of Marine Affairs and Fisheries, 2017). Fish
feed is majorly comprised of fishmeal which brings
about some issues such as high production cost, as well
as lack of supply availability due to overexploitation of
fisheries resources and competition with people’s food
or livestock (Martin et al., 2019 ; Raji et al., 2018). To
address these problems, search on alternative protein
sources for fish feed formulation is needed.

In recent years, researchers and aquaculturists
have been attracted to explore microalgae for
alternative protein sources, and among the species of
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Spirulina sp is a blue-green alga which contains rich
nutritional substances such as protein (60-70%),
vitamins B12, B-carotene and minerals with particular
iron content. Furthermore, Spirulina sp could also be
cultivated easily in either an indoor or outdoor
environment (Zhang et al., 2015). Previous researches
have showed several advantages of the Spirulina sp
utilization in the fish farming in particularly as feed or
supplements. Raji et al. (2018) reported that dietary of
Spirulina platensis and Chlorella vulgaris in American
catfish farming successfully increased the feed efficiency
and fish growth. Moreover, Laining et al. (2017) also
observed that the supplementation of Spirulina meal in
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the pre-maturation diet of tiger shrimp noticeably
improved their biomass. Study by Khanzadeh et al.
(2016) showed that utilization of Spirulina in fish feed
production has not economically feasible yet for the
fishmeal replacement, but it compensates as
reproductive performance promoter, increased eggs
viability and survival rate of larvae, as well as increased
feeding efficiency and protein and fat retention in some
fish farming (Nainggolan et al., 2015; Bambang et al.,
2012).

Most of studies on Spirulina inclusion in fish feed
were focused on the nutritional properties’ aspects and
its influence to the fish growth. Nevertheless, its effects
on the physical characteristics of the fish feed produced
have not been reported yet, particularly when Spirulina
meal is incorporated into floating fish feed formulation.
Reported by Hakim, et al., 2019)that the production of
floating fish feed was affected by gelatinization process
in the extruders whereby its ingredients primarily
consist of protein, starch, fat and water. They would
experience a complex process during manufacture.
Thereof, when attempting to replace or change the
fishmeal levels in floating fish feed, both alternative high
protein meals and combined starch—protein sources
should be taken into consideration (Kraugerud et al.,
2011).

The addition of Spirulina in floating fish feed
formulation may find new challenges in particularly
during the extrusion process. This may be caused by the
interruption of starch gelatinization process by the
Spirulina addition, and eventually lipid-amylose
complexes can also be formed, sparking the
crystallization of V-type structures (Martinez-Sanz et al.,
2018). Therefore, this study investigates the effect of
Spirulina meal as ingredients on the protein content and
physical characteristics of the floating fish feed
produced by using extrusion method.

Tabel 1. Chemical composition of feedstuff

Materials and Methods

Fish feed ingredients consist of fishmeal, spirulina
meal, soybean meal, corn flour and tapioca flour.
Fishmeal was purchased from PT Central Proteina Prima
(Indonesia). Spirulina meal, a dried microalga of
Spirulina sp., was obtained from PT Polaris Indonesia.
While other ingredients such as soybean meal (Hasil
Bumiku Brand), corn (Maizenaku Brand) and tapioca
flour (Produced by Rose Brand PT. Budi Acid Jaya)
purchased from supplier feed shop locally. The
proximate chemical compositions of the ingredients are
listed in Table 1.

Four different fish feed formulations were
prepared as presented in Table 2 including a control diet
containing fishmeal as the single protein source and
three other diets formulations containing Spirulina meal
ingredients with various level of addition to partially
replaced the fishmeal content. A one kg from each
formulation was added with 250 g of water and mixed
using a Stand Twin Shaft mixer (Trisonic T-1505) for 20
minutes. The mixtures were allowed to stand for an hour
to obtain moist stability. The formulations were then
extruded in a counter-rotating twin-screw extruder
which was adjusted at 600 rpm, and a 100°C barrel
temperature with a & 3 mm die outlet. The extruder is
designed by Hakim et al. (2020). The extruded
formulations were cut into a 0.5 - 1 cm extrudate and
cooled to room temperature. After that, they were dried
in a rotary dryer (x40°C) until the moisture content
reached around 10 - 12% (wet basis). Sampling on the
fish feed pellets was taken after a steady-state condition
was reached (approximately 30 min) and the
representative samples were prepared for further
analysis.

Ingredients Protein (%) Lipid (%) Ash (%) Moisture (%)
Spirulina meal 67.99 0.01 7.17 5.86
Fishmeal 61.37 2.83 19.13 8.59
Corn flour 8.80 6.40 2.15 10.98
Soybean meal 45.55 9.68 6.42 9.41
Tapioca flour 0.50 0.30 0.20 9.67
Table 2. Feed ingredients, formulations and nutrients composition
Ratio

Ingredients (%) Control Fishmeal : Spirulina meal

75:25 50:50 25:75
Fishmeal 38.0 28.5 19.0 9.5
Spirulina meal 0.0 9.5 19.0 28.5
Corn flour 22.0 22.0 22.0 22.0
Soybean meal 22.0 22.0 22.0 22.0
Tapioca flour 18.0 18.0 18.0 18.0
Add water (ml) 250 250 250 250
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Quality Analysis of Floating Fish Feed

Physical properties analysis of the feed pellets
samples from each formulation included the density,
floatability, expansion ratio, and hardness. Whilst for
the nutritional quality was protein content.

Unit density determined as described by
Rosentrater et al. (2009). A random thirty pieces of
pellet samples were individually measured in length and
diameters with a digital caliper (Mitutoyo Vernier
Caliper, Japan) to express volume and weighed using an
analytical balance (ViBRA HTR-220E, Japan) to express
mass. Average values were then calculated using Eq 1.
as unit density number.

mass of pellet (mg)

Unit density = 1)

volume pellet (mm?3)

Floatability. Thirty pellets samples from each
formulation were added into a 1000 ml beaker glass
filled with 800 ml distilled water at room temperature.
The number of pellets which remained floating in the
water after 30 min was recorded. Floatability was
calculated using the following equation (Cruz et al.,
2015):

number of remained suspended pellet

Floatability (%) = %X 100 2)

number of total pellet poured

Expansion ratio. Ratio of the feed diameter against
the extruder dies (3 mm) was examined from a total of
30 feed pellets from each formulation, and the
expansion ratio was measured using a digital caliper
following calculation bellow (Kamaruddin et al., 2018) .

. . pellet diameter (mm
Expansion ratio = ——— mm) 3)
dies diameter (mm)

Hardness of the pellets was analyzed using a
Texture analyzer (TA-XT2 Stable Micro Systems,
England). The value taken was the highest peak before
the pellet was broken expressed in Newton (N). Results
are based on the average value of 30 samples (Ayadi et
al., 2011).

The chemical properties analyzed of raw material
were protein, lipid, ash and water content while
evaluation for pellets included protein, and water
contents. Protein and lipid contents were determined
respectively by Kjeldahl and Soxhalet methods, while
moisture and ash contents measured by gravimetric
method. All the methods performed were in accordance
to the Association of Official Analytical Chemist
(Association of Official Analytical Chemist, 1990).

Statistical Analysis

Analysis of each sample formulations were
conducted in triplicate. The obtained values were then
analyzed by ANOVA (one-way analysis of variance). The
means values from different formulations were

compared using Tukey's honest significance test set at
P<0.05. Statistical analysis was conducted using a
Minitab version 17 software.

Results and Discussion

Properties of fish feed pellets included protein and
moisture content exhibited at Table 3.

Protein

Protein content of the floating fish pellets were in
range of 35.27 — 38.89%. The highest protein content
(38.89+1.26%) was obtained from the formulation with
a 25:75 ratios, while the lowest content (35.2710.18%)
was the control sample (Table 3). Inclusion of Spirulina
meal into pellets formulation increased the protein
content significantly (P<0.5). Amount of protein in fish
pellets was in accordance with the level of Spirulina
included in formulations since the origin of the protein
content of Spirulina used in this research was higher
than those of the fishmeal used. It also showed that
protein in the Spirulina meal was not noticeably affected
by extrusion process in term of its numbers, while other
ingredients were constant (Table 1). Protein content in
overall pellet formulations showed to meet the
minimum amount in accordance to the Indonesian
National Standard (SNI) for freshwater fish including
Tilapia and Catfish, which is above 28% of protein
content.

This finding is similar to investigation reported by
Rosas et al. (2019) and Nainggolan et al. (2015) that find
the replacement of fishmeal with Spirulina meal has
gradually increased crude protein in the pellets. This
suggests that Spirulina meal has potential to substitute
fish meal in term of protein content sufficiency in fish
feed production.

However, the moisture content of all the pellets
showed relatively similar values at around 10% (wet
basis) (see Table 3) with no significant different among
the formulations. These amounts have also met the
requirement of the SNI for maximum moisture content
in fish feed of a 12% (wet basis).

Expansion Ratio

The expansion ratio is an important factor during
floating fish feed production since it effects on the unit
density, floatability and hardness of the pellets
produced. Volume expansion on fish pellet is generated
by gelatinization process of the raw material
formulation in an extruder. Such case of gelatinization
occurs also in pellet formulation containing starch and
water (dough) that is received high temperature and
high pressure during extrusion. At the end of
gelatinization, dough leaves screw-barrel through dies
then undergoes puffing phenomenon. This was caused
by sudden drop of pressure which causes excessive
moisture flash-off and formed pores therein.
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Kamaruddin et al. (2018) observed that during the
extrusion process, the water becomes nucleated
resulting in formation of bubbles in the extruded
materials, and upon exiting the die head the materials
are expanded due to sudden moisture evaporation.

The pellets expansion ratio (ER) for the overall
formulations were found between 1.57 — 1.67 folds. The
substitution of fishmeal with 50 and 75% Spirulina meal
in formulations enhanced the ER significantly (P<0.05)
(see Table 4). The expansion rate was tending to
increase in accordance to Spirulina level in formulations.

According to Rosentrater et al. (2009), increasing
fishmeal in aquafeed formulation from 30 to 35%
significantly reduces the expansion ratio for 15.4%, and
vice versa. The presence of protein in fishmeal increases
mass viscosity thereby restricting expansion ability.
Draganovic et al. (2011) also stated, the inclusion of
fishmeal was negatively associated with the radial
expansion.

However, the use of plant sources of proteins such
as Pea protein isolated enhance the expansion
properties of rice starch extrudates. In this case, the
protein inclusion effects the extrudate expansion
through their ability to alter water distribution within
the extruded melt (Philipp et al., 2017). Furthermore,
Uribe-Wandurraga et al. (2020) found that the sectional
expansion index of corn snack is increased when
Spirulina platensis biomass is added in formulations.

On the other hand, different result was reported by
Martinez-Sanz et al. (2018) that the expansion index is
reduced for extruded starch product containing 1-10%
Spirulina. This might be caused by the presence of
crystallized fatty acids released from Spirulina
intracellular components and promote the formation of
V-type complexes with amylose resulting in more
densely and well-connected porous structures.
Meantime, their research used Spirulina containing a
15.1% lipid, a 26.7% protein and a 40.6% ash. Therefore,
lower lipid content of Spirulina used in formulation

Table 3. Nutritional properties of the fish feed pellets

might result in different outcomes in compared with the
present study.

Unit Density

The unit density of pellets obtained from different
formulations were between 0.47 — 0.63 mg/mm?3 (Table
4). Addition of Spirulina meal into formulation tended to
reduce the unit density of pellets. Moreover, it also
showed that the increment of unit density of the
formulated pellets was a contrast to the expansion ratio.
In comparison with previous study (Hakim et al., 2019),
unit density of the produced pellets in present study
were lower than those of pellets containing other
protein sources i.e. Hermetia illucens larva meal (0.959 -
1.032 mg/mm3) and Azolla meal (0.669 - 0.705
mg/mm?3).

These results are in agreement with previous
works conducted by (Uribe-Wandurraga et al., 2020).
When starch flour is combined with Spirulina meal, the
diameter of extrudate is increased but those are mixed
with Spirulina meal show irregular in diameter. This may
be caused by the pore size, which is bigger in pellet with
Spirulina meal than the control formula. Kamaruddin et
al. (2018) stated that bulk density number of floating
fish feed related to porosity forming. More porosity of a
pellet resulted in lower in its density number.

Floatability

Pellets floatability from the overall formulations
were in range of 94.28 — 100%. The highest floatability
was obtained at the ratio of 25:75 formulations, which
exhibited all floating pellets during 30 minutes. While
the lowest floatability was found at the control sample
(Table 4). The floatability was significantly different
between control and formula incorporated with
Spirulina meal (P<0.05) but insignificant among the
Spirulina  meal contained pellets. An important

Protein sources Ratio Protein (%) Moisture (%)
Control 35.27+0.182 10.29+1.372
75:25 36.63+0.53P 9.68+1.192
Fish meal : Spirulina meal 50:50 38.48+0.72¢ 10.16%1.52°2
25:75 38.89+1.26°¢ 10.43+1.392

Values in the same column with different letters indicate significantly different (P<0.05)

Table 4. Physical properties of the fish feed pellets

— . . .
Protein sources Ratio xpar(]::lng) ratio U(rr:tg(/j;r:;t)y Floatability (%) Hardness (N)
Control 1.57+0.08° 0.63+0.01° 95.61+0.79° 41.17+1.34°
e meal 75:25 1.58+0.13% 0.64+0.07% 97.89+1.89% 36.22+5.15%
S'Sirurﬂsz ol 50: 50 1.67+0.12b 0.52+0.07b¢ 99.44+0.96° 34.5243.89b

P 25:75 1.65+0.04b 0.4740.02¢ 100.00+0.00b 32.53+1.62b

Values in the same column with different letters indicate significantly different (P<0.05)
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parameter that determines the quality of fish feed is its
ability to float in water (floatability), whereas fish feed
that quickly sinks in water cannot be utilized optimally
by fish resulted in in very low efficiency (Mulia et al.,
2017).

The floatability of pellets is strongly related to the
unit density of the pellets. The smaller unit density the
easier fish pellet to float on water due to its lighter
structure. Purwasasmita and Roland (2008) mentioned
that a pellet will float if the unit density of pellet is lower
than density of water i.e. 1 mg/mm3. The experimental
result showed all treatments produced pellet with unit
density lower than 1 mg/mm?3. However, there were
found pellets which are not floating. It might be caused
by the increased unit density by water intrusion through
pellets surface area.

Hardness

The extrudate hardness essentially refers to
physical integrity of the finished product in terms of
handling and transport, which relates to the initial
rupture of the extrudates. In general, pellet from all
formulations had ranging hardness 32.53 — 41.17 N
(Table 4), with the highest value found at the control
sample. Increased level of Spirulina meal in the
formulations reduced the hardness which are
demonstrated by the pellets with ratio of 50:50 and
25:75 formulations exhibiting significant lower hardness
than that of control sample. In contrast, increased level
of fishmeal resulted in increased extrudate hardness.
Similar result was also reported by (Draganovic et al.,
2011) that observed the level of fishmeal and feed
moisture were dominant factors influencing the
extrudate hardness.

Moreover, the addition of Spirulina for up to 8%
into corn extrudates caused a decrease in hardness
(Tanska et al., 2017). Decreasing in hardness by Spirulina
inclusion in fish pellet production could be related to the
increased expansion and thinner pellet walls (Kraugerud
et al, 2011). Fish feed pellets containing larger
proportions of plant-derived protein meals showed a
lower specific hardness than the reference fish feed, it is
likely in regard with the longitudinal expansion which
would generate larger lateral surfaces. The texture
would thus be more fragile, and less force to break the
pellets (Martin et al., 2019).

The hardness of fish feed value is very varied. For
instance, Alcaraz et al., (2021) resulted in hardness value
of fish feed which added microalgae about 13.63-28.88
N. Further, Kraugerud et al., (2011) stated extruded fish
feed have hardness value around 45-107 N while in a
commercial extruded fish feed was 46,1 N. A suitable
hardness value relied on the user requirement who
must consider two factors that were between hardness
and floatability. So could be obtained a balance on those
physical qualities. Based on result in this study, the
reasonable ratio was 25:75 in which decreasing
hardness value remained within range value but other

parameters i.e. expansion ratio, floatability and protein
had improved.

Conclusion

Spirulina meal showed potential for substitution of
fishmeal in floating fish feed production. The
formulation at ratio of 25:75 (fishmeal: Spirulina meal)
resulted the best pellets produced in regards with
floatability. The spirulina included formulations
produced pellets with higher protein content (38.89%)
and expand ratio (1.65 fold), with the lowest unit density
(0.47 mg/mm?3) and hardness and the highest floatability
(100%). Therefore, Spirulina meal can be an alternative
protein source to improve the protein content and
physical quality in floating fish pellet production.
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