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Introduction

Abstract

This project aims to evaluate a fish feed developed in CIATEJ
with little modification, which included algal biomass and vegetal
protein. This product was tested at the laboratory scale and the
pilot-scale upscaling was needed for use with impact assessment
studies in real ambient conditions. This food has antioxidant capac-
ity due to the inclusion of microalgae. Additionally, it is nutrition-
ally balanced with plant-based protein sources, partially replacing
fishmeal. The feed, compared to commercial feed, has a higher pro-
tein content (5%) and lower fat content (3%). Evaluating this feed
was of great importance to corroborate its consumption, which can
reduce oxidative stress, reduce water contamination, and improve
the growth rate and quality of the meat in fish.

FCR values of almost 1 were reported here, indicating the more
efficient utilization of formulated feed by Oreochromis niloticus.
The main component of tilapia meat was moisture 74.31%, fol-
lowed by protein 14.44%, lipids 6.24%, carbohydrates 0.10%, fibre
1.39%, and ash 3.62%. in experimental feed. In our results in fish
filate, we found a 12% increase in protein percentage and a 29%
decrease in fat percentage compared to the commercial feed, as
expected from the higher protein and lower fat formulated feed.
The amount of protein increment in fish filet we achieved in 2
months, the experimental diets significantly influenced the content
of polyunsaturated fatty acids at 2.4% while saturated fatty acids
were 1.3%. Omega 6 and Omega 9 were 2.33% and 1.73% respec-
tively. The polyunsaturated fatty acid/saturated fatty acid ratio was
also higher.

Keywords: Fish-feed; Formulation; Tilapia; Microalgae; Extru-
sion.

As aquaculture is the fastest-growing sector of the food in-
dustry in 2019, it was expected to be valued at USS 31.94 billion
(https:// www.marketwatch.com) with a growth rate of more
than 7.1% between 2020 and 2027. Increased human consump-
tion and health safety factors are now driving forces of the
growth of the aquaculture industry. Nile tilapia (Oreochromis
niloticus), is the second-largest farmed fish in the world. Fish
meals are commonly used as a source of nutrients for fish and
shrimp in aquaculture systems [1]. However, demand and sup-
ply are a problem now due to high volatility in the global market
for fish meals and also security in the aquaculture sector [2,3].
This fact, combined with the scarcity and high market price of
fishmeal, has encouraged research to replace fish meal with
alternative vegetable protein sources [4]. Aquafeed accounts
for at least 75-90% of aquaculture’s operating costs. Microal-

gae-based aquafeed is not only environmentally friendly, but
it can also be cost-effective with proper optimization of the
wastewater use from the same aquaculture industry. Another
problem is the water stability of the fish feed, which generates
large amounts of waste with high nitrogen content and, when
not properly processed, can be deposited in the environment,
generating pollutants. This nutrient-rich water can be used for
microalgae culture for biomass generation for sustainable aqua-
culture practices, new protein source generation and increasing
water stability in fish feed another important research criteria
to avoid this contamination problem. Several previous studies
demonstrated that microalgae-based feeds can enhance fish
growth and nutritional quality [5] Some algal species like Nan-
nochloropsis sp. and Isochrysis sp. were reported to be used
to substitute fish meals in the diet of Oncorhynchus mykiss,
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and Isochrysis sp. was found efficient for crude proteins, amino
acids, lipids, and fatty acids enhancement [6]. Supplementing
animal feed with algae enriches livestock products with bio-
active components with growth and weight gain, decreases
feed consumption, increases immunological response, resist-
ance to illness, and antibacterial and antiviral activity which is
more important like less pathogenic attacks and less water con-
tamination [7]. The rapid growth of the algal biotechnology and
algal biomass-producing industries at a global scale has driven
significant advances in the algal bio-economy and turned algae
into an efficient ‘cell factory’ for food production [7].

However, there are very few complete fish feed formulations
with microalgae biomass in the market available yet, although
some formulations for feed supplements for ornamental fish is
available as commercial products. The cost of microalgal feed
remains a key factor for this and is higher than that of conven-
tional feed. Here we tried to evaluate a fish feed formulated
with a lower percentage of microalgae biomass inclusion, like
3% which will not contribute towards much cost increment
and impact assessment done for 60 days with Oreochromis nil-
oticus (TILAPIA) in true experimental conditions. Oreochromis
Niloticus (tilapia) is a widely cultivated and highly demanded
commercial species in Mexico and its impact at small-scale algal
protein use will enhance future industrial-scale use in Mexico.
Apart from that, this composition has better water stability
properties which can reduce water contamination problems at
large-scale use.

Methodology
Feed Processing by Extrusion

The formulation of feed was done according to the previous
method [8] with 40% humidity, and the conditions of the extru-
sion were fixed with temperatures 60-80°C (inlet-outlet) at the
University of Michoacan. First, we mix the powders with a mixer
(Figure 1A), then an extrusion (Figure 1B), with nozzle output
of 1.8 millimeters and 2mm cuts to have pellets size 2- 3 mm in
size (Figure 1C.). We collected the products and used an oven
to dry the products at 65 degrees centigrade for 4 hours and
then at 40 degrees for 12 hours to dry maximum moisture from
the samples (Figure 1D). Then we carried out a physicochemical
analysis and nutritional and microbiological analysis of the feed.

= =

Figur:i: A) Powder mixer; B: Extrusor C: Product with moisture D:
Electric oven for product drying.

[ 35 | [ 35 |
A

Comercial Feed

Figure 2: Right A) Tanks with fish to experiment with formulated
feed Exp.1 and Exp 2; B) tanks with fish to experiment with com-
mercial feed Control 1 and Control 2.

Determination of the Nutritional and Physicochemical Val-
ue of developed Foods

The nutritional analysis of each ingredient was performed
with methods of AOAC International 1990 (NMX-F-608, F-083,
F-607, F615, F-613), in the laboratory of the Analytical and
Metrological Services Unit (USAM) of CIATEJ to determine the
content of protein, carbohydrates and lipids. Subsequently, the
formulations were performed using the Excel, program, balanc-
ing protein, lipid, and carbohydrate levels.

Water Stability Analysis

The method according to Cruz-Suarez et al., [9] was used for
the water stability study of the extruded product above. Dry
extruded feed (2g) and a commercial feed in triplicate were
weighed, which were placed in glass vessels with 100 ml of wa-
ter. Feeds were kept for 30-50minutes immersing in water with
constant agitation (manually). After 50 minutes the dry mat-
ter loss was determined by draining the samples in a net; the
products were placed in a drying oven at 70°C for 24 hours. The
amount of loss with the difference in weight was determined.

Water absorption capacity: It was done according to the
procedure of modifying the filtration of the sample by a mesh.
Dry feed pellets immersed in water for different time periods
were examined. The experiment was carried out in fresh water
at room temperature. 1g of pellet of each type of product was
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Table 1: Nutritional value of the extruded feed.

Nutritional value Commercial feed (% of biomass) Formulated feed (% of biomass) Method

Humidity 12 6.19 +0.5 NMX-F-083-1986

Ash 10 16.22 +0.7 NMX-F-607-NORMEX-2013
Fat 10 8.07 0.3 NOM-086-SSA1-1994
Proteina 40 45.84 +0.6 NMX-F-608-NORMEX-2011
T. Carbohidrate 24 23.68 +1.1 NOM-501-HCFI/SSA1-2010
Fibre 4 4.48 +0.7 NMX-F-613-NORMEX-2017
Fungus & Yeast 0 0 NOM-127-SSA1-1994,

Table 2: Growth parameters.
Growth parameters

FW SGR WG (%) FCR
Initial week Cont. 43.64 NA NA NA
Expt. 43.28 NA NA NA
2nd week Cont. 54.065 0.65 23.92 0.91
Expt. 53.78 0.70 24.26 0.90
4th week Cont. 66.64 0.80 23.28 0.91
Expt. 66.13 0.82 22.96 0.92
6th week Cont. 80.54 0.92 20.93 0.94
Expt. 84.85 1.24 28.40 0.94
8th week Cont. 93.57 1.16 16.15 0.98
Expt. | 107.925%  1.53* 27.18 1.17*

randomly chosen and the dry weight was determined. Pellets
were left submerged for 1, 5, and 10 minutes. After the immer-
sion period, pellets were carefully retrieved and excess water
was drained with an absorbent paper. Finally, pellets were re-
weighted to obtain a weight increase after immersion.

Density: To measure the density of the extruded feed and
of a commercial (Cruz-Suarez et al., 2006)feed (control) for the
tilapia method was used. 100 ml of fresh water was measured
in a graduated cylinder, to which 30 grams of the extruded feed
was added; subsequently, the displacement of the water was
calculated for volume calculation, and the density was estimat-
ed with the following formula:

Density = weight of the sample/volume of the sample (feed)

Evaluation of Fish Feeding with Food Developed in Experi-
mental Tanks

Feeding with fingerling Tilapia fish: A 60-day feeding trial
was conducted to assess the suitability of microalgae and soy-
beans as protein sources in the diet of Oreochromis niloticus
fingerlings with almost 42 g mean initial body weight. Diets
were formulated and tested containing a high protein content
of 45%, with 19% vegetable protein replacement.

Experimentation in Tanks at the Michin Aquarium. For the
tilapia tanks, feeding was established in 2 tanks with control
feed and another 2 tanks with formulated feed, each tank with
35 tilapias. Each tank contains 550 litres of water, 2 filters (1
handmade filter and 1 industrial filter) were installed, aeration
was placed through a tube connected to the aeration pipe, and
a commercial feeder (feeding 3 times a day).

Obtaining Tilapias and growth measurement: Thirty-five
tilapias were placed for each tank obtained from the Michin
aquarium industry. After collecting the fish, biometry of weight
and length was carried out on each tilapia to maintain an initial
record of the experimentation. Each tank was fed 3 times a
day, with a JacRossy brand automatic feeder. Until you get the
right amount of feed every week. Animals were weighed at the
beginning and end of the experiment to determine initial (IW)
and final (FW) weights and weight gain. The diets were weighed

when they were administered to the animals, to determine the
rate of weight gain per day (%W), specific growth per day (SGR),
feed conversion ratio (FCR) etc... Performance data were sub-
mitted to analysis of variance (ANOVA).

Growth performance parameters: All growth parameters
were determined at 2-week intervals. After the feeding trial,
growth parameters including weight gain (%WG), length gain
(LG), specific growth rate (SGR), feed conversion ratio (FCR),
and survival rate (SR), were determined individually using the
following equations:

1. FW (g) = (Total fish biomass (g)/ number of fish)
2. DCG = (Final weight — initial weight) /days

3. % WG = ((Final weight — initial weight (g) / initial weight
(g)) *100)

4. FCR = Total food consumed (g) - WG (final weight — initial
weight (g) / initial weight (g))

5. SR= % of surviving fish = ((final number of fish-initial fish)/
(initial number of fish))*100 6.LR=Length measurements we
measure every 15 days.

Results
Feed Scaling up and characterization

The extrusion product was more asymmetric and thus the
pellets maintained their size (2.5-3.5 cm) and with a controlla-
ble temperature gradient, thus maintaining greater resistance,
maintaining its shape, and better stability in water. The velocity
of production was 60 kg/hr. There was not much temperature
gradient we opted to use not to degrade the functional proper-
ties of the algal ingredient used for the product. The tempera-
ture range was 60-80°C. Here we got moist extrusion material,
and then one electric oven was used to dry the material slowly,
and it also gave the good binding ability for better water stabil-
ity. Then we filtered the feed to get a uniform size between 2.5
to 3.5 was needed for our experiment with Tilapia.

The basic function of fish feed produced through the extru-
sion process is to kill the microorganisms and improve the qual-
ity and digestibility to provide safe fodder for fish. In addition,
with a longer and easier storage period, fish feed via an extru-
sion process, including floating or sinking types.

The commercial fish feed extrusion process refers to cooking
the mixture of feed ingredients under high temperature, mois-
ture, and high pressure by means of a fish feed extruder within
a short time; as a technological treatment, extrusion can make
it possible to process a variety of fish feed ingredients and raw
materials with high water content. According to the moisture
content of raw materials treatment, the fish feed extrusion pro-
cess can be divided into two types - dry type extrusion and wet
type extrusion.
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Determination of the Nutritional, Physicochemical, And Mi-
crobiological Value of Developed Foods

Moisture, ash, protein, and lipid levels were not significantly
different from commercial feeds. Only the percentage of pro-
tein used here is higher is 45%; generally, those used for tilapia
from 35 to 40%, and the source of protein is animal protein re-
placed by 19% by vegetable protein such as isolated soy and
protein from microalgae. In the case of food formulated by CI-
ATEJ, less moisture was obtained, and thus contamination and
growth of microorganisms were avoided (Table 1).

The increasing demand for fish for human consumption has
caused fish farming to become a more intense activity and has
increased the need for formulas of hundreds of fish for aquacul-
ture. Tilapias are aquatic organisms with moderate protein re-
quirements. One of the traditional ingredients used to develop
protein diets is fishmeal. Despite its high cost, this supply is in
high demand for both aquaculture and terrestrial animals. Ef-
forts are underway to search for alternative conventional and
unconventional protein sources. The purpose of this study is to
review the impact of alternative protein sources, such as micro-
algae and soybeans to partially replace fishmeal in tilapia feed.
In addition, it addresses the challenges facing aquaculture feed
regarding the substitution of fishmeal for plant-based proteins.

The top ten producers include three Asian countries like
Thailand, the Philippines and Sri Lanka and one North Ameri-
can country (Mexico) [10] Among all protein sources, soybean
has become one of the best candidates and potentially of al-
ternative plant protein source to replace FM in practical diet
for tilapia due to its balanced amino acid composition. Aqua-
culture diets are usually the meals resulting after oil removal
from the soybean and are the most studied aquaculture diets.
However, it has a limiting factor that lacks methionine and con-
tains some anti-nutrients such as trypsin inhibitor, hemagglu-
tinin, and anti-vitamins (Tacon et al., 2009) when included in
a higher percentage of the diet. [12] reported a test diet with
75% FM was replaced by SBM, which improved tilapia growth
similar to the Fish meal diet. [13] also reported no significant
difference in weight gain and feed efficiency of a hybrid tilapia-
fed diet containing 35% fishmeal and a soy-protein-based diet.
A recent study reported that microalgae-based feeds improve
nutritional quality and fish growth (Sarker, Kapuscinski, McK-
uin, et al., 2020). By using Nannochloropsis sp. and Isochrysis
sp. biomass to substitute fish meals and fish oil in the diet of
rainbow trout was found to be effective for increasing digestibil-
ity coefficients for crude proteins, amino acids, lipids, and fatty
acids [5] Microalgae biomass can be used as a high-value feed
for fish and shrimp in sustainable aquaculture [14]. However,
developing a balanced diet with microalgae and scaling up at
the industrial level was lacking. So here we replaced 19% of ani-
mal protein with vegetal protein, including soy and microalgae
protein first time in 2017 [8] In this formulation, the protein was
higher like 45% and fat was kept lower like 2% compared to the
commercial diet. We want to see the algal biomass effect as an
antioxidant and other supplements like vitamins and minerals
on tilapia growth.

Density: The feed from extrusion had a density of 1.03g/
cm?, a bit higher than commercial feed that is values are very
close to those shown by the commercial control of 0.93/cm?3.

Texture: Hardness was measured by TPA texture profile
analysis of the control and extruded feeds. Hardness is related
to resistance and is the maximum force required to compress/

break the feed pillate, generally occurring at the point of maxi-
mum compression, each sample was tested 6 times at constant
force. The analysis of the texture profile revealed that the ex-
truded feed with microalgae showed higher hardness values
due to may be for good agglutinating material used that is gela-
tin, than the control feed, obtaining 9.77kg/F for the extruded
feed and 9.68 kg/F for the control feed. This means that it main-
tains better stability in water, proposing that a pellet will have
high durability if the product is able to relax the force applied on
the surface in a non-elastic way.

Texture analyzers are a common method to understand the
hardness of the fish feed industry. If it is too hard not easy to
digest, in our formulated feed case, it only varies a little not a
significant difference from commercial feed.

Water absorption capability: Water absorption capability
was shown at different time intervals, which absorbed a greater
amount of water as time passed (10-30 min) after immersion.
Compared to the control feed, the extruded pellets absorbed
less water without biomass disintegration to water, probably
due to the higher density of extruded foods (Figure 3A).

The percentage of water absorbed by the extruded feeds
after the first 5 minutes of hydration was 37.2% on its initial
weight, 80.82% absorption at minute 10, and 100.22% at min-
ute 20. Figure 3 shows the tendency of the different treatments,
those absorbed more water and noticeably good amounts like
3.87 to 5.11g. as the time of immersion in water is longer. Water
absorption always favours good digestibility of the feed. How-
ever, it was found to be a little higher in the case of commercial
feed like 35.2 to 127.2%.

Water Stability analysis: For aquatic feeds, important quality
factors are the pellet disintegration and nutrient leaching that
impacts water contamination. In our experiment, the water sta-
bility in water of the feed extruded showed little higher losses
of matter 21.6% at 30 min and 22.4 % at 60 min with respect to
commercial feed 14.4% after 60 min of immersion in water. As
we are thinking about the extrusion processing, we have done
it without a temperature gradient one that helps gelatinization
of ingredients to increase binding ability, we just may need to
improve that next work using different extrusion processes to
increase, Still, the values are quite impressive not to contami-
nate that much of water after one hour of time periods which
is enough for the fish population to finish feeding (Figure 3B).

A Water absortion capability

14
Y
E w
T
g 6 = Control
E 4 » Extruded feed
; 2

0

5 10 20
Time interval (min)
B Water stability of the feed

=30 min.
60 min.

Biomass loss (g)

0.5

0
Control feed Extruded feed
Figure 3: A) Water absorption B) biomass disintegrated to water

(water stability) from the feed pellet.
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Figure 4: A) Growth analysis during experimental feed (FW), B)
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Table 3: Nutritional value of the meat (quality).

Nutritional value of the Fish filet = Commercial Feed = Formulated Feed
Humidity 74.31+1.03 74.15%+1.05
Ash content 3.62+0.03 4.71+0.03
Fat 6.24+1.01 4.82+1.01
Proteine 14.44+1.01 16.19+1.03
Carbohydrates 0.10+0.01 0.10+0.01
Fiber 1.39+1.01 2.13+1.05

Weight and growth measurements

Fish actively consumed all feeds in time, and there was a pro-
gressive increase in juvenile growth on both diets. Mean values
of growth performance parameters feed utilization efficiency
and survival rate data of O. niloticus fed different experimental
diets are summarized in Table 2. The control diet recorded an
average weight gain of 93.57 g, while the Expt. average weight
increased by 107.92 g. noticeably higher. For both experimen-
tal diets, weight gain was significantly different (P<0.01), the
increase with exposure time, registering the maximum values
at the end of the experiment (after 2 months) (Figure 4A & 4B).

Under good growing conditions, 1-gram fish are grown in
nursery ponds to 1 to 2 ounces (20 to 40 grams) in 5 to 8 weeks
and then stocked in nursery ponds. In monosexual grow-out
ponds under good temperature regimes, males typically reach
a weight of 1/2 pound (200 grams or more) in 3 to 4 months,
1 pound (400 grams or more) in 5 to 6 months and 1.5 pounds
(400 grams or more) in 5 to 6 months. (700 grams). grams) in
8 to 9 months. In our practice, daily change was not possible
because high water costs were generated because the ammo-
nia concentration was sometimes high. We also found a similar
growth rate in 2 months nearly 90-100gms, with starting initial
weight at 43-44 gms. A simple one-way ANOVA analysis esti-
mated within the group demonstrated that the P-value of the
F-test is less than 0.05 i.e. 0.0001, there is a statistically signifi-
cant difference between the mean weight of the experimental
feed with the commercial feed treatment at the 5% significance
level. From the LCD plot, it is clear that the initial control feed
was not significantly different from the experimental feed, but
in the last two weeks, it has shown a statistical difference in
growth, such as greater weight gain with the experimental feed
(Figure 4B).

Average Specific Growth Rate: The daily specific growth
rates (SGR) showed clear fluctuations ranging from Experimen-
tal feed that was 1.53 and in the commercial diet was 1.16 (Ta-
ble 2 & Figure 5). Tilapia fed an algae diet exhibited better SGR
than tilapia fed a commercial diet.

From a simple estimation of one-way ANOVA analysis esti-
mated within the group given that the P value of the F test is
less than 0.05, that is, there is no statistically significant differ-
ence between the specific growth value with commercial feed
and experimental feed, indicating that these pairs do not show
statistically significant differences at the 95% confidence level.
In just the last week, the experimental feed with specific growth
showed statistically significant differences compared to the
commercial feed at a 95% confidence level (Figure 5A).

Weight gain Percent (WG%): In the experimental diet, an av-
erage weight gain of 27.17g was recorded, while the commer-
cial diet recorded a weight gain of 16.15g (Figure 5A). For both
experimental diets, weight gain increased, but it was not sig-
nificant (P<0.01) with exposure time, recording the maximum
values at the end of the experiment (after 2 months).

Since the F-test P-value is greater than or equal to 0.05, there
is no statistically significant difference between the mean %W
from one TREAT level to another at the 5% significance level.
However, the growth range (27 to 28) percentage is notably
higher in the case with experimental diet as (Figure 5B).

Feed conversion ratios (FCR): Means of the Feed Conversion
Ratio (FCR) of Nile tilapia fed on commercial diets and seaweed
diets at the end of the experiments are presented in Figure 5B.

The FCR values were almost similar in the fish fed the com-
mercial diet compared to those fed the microalgae diets during
the first month of the experiment.

According to the current results, a (P<0.05) significant dif-
ference was recorded between the FCR of fish fed with com-
mercial diet and fish fed with CIATEJ formulation. In general, at
the end of the experiment, fish fed with diets of microalgae and
vegetable proteins showed the highest FCR compared to those
fed with commercial diets.

A —

s Contmi 1 [ |
£ Sontrt 2 -
£ Control 3 ]
o Lontrol 4
L 8 Contel e [ ]
5, e iy @n]
® . Expd T

0 = i}

1 2 3 4 RV A
15 days Interval
Feed Convertion Ratio (FCR) B Weame amd # Pervomt L0 el

1
1

2
1 AR

08 |

06 = Control £ mp

04 ! {

02 " Exp. osel ‘ . T
° 2 | 1

1 2 3 4 -

ConratGnircCar ol & | Exp1 Exp 3 Exp A
TREAT

feed/weight

Time: 15days interval
Figure 5: A) Weight Gain Percent (WG%), Graphic 5 B) Feed
Conversion Ratios (FCR).

Table 4: Fatty-acid profile.

Fatty acid profile CON EXPT

1 palmitico 2.2+0.01 0.81+0.01
2 estedrico 0.58+0.03 0.31+0.01
3 Oleico 0.38+0.04 1.76x0.04
4 Linoleico 1.66%0.72 2.26+0.72
5 linolénico 0.14+0.01 0.13+0.01
6 Omega 3 0.14+0.01 0.21+0.01
7 Omega 6 1.87+0.06 2.33%0.06
8 Omega 9 0.39+0.02 1.76x0.02
9 Saturated fatty acids 2.61+0.08 1.1310.08
10 | Monoaaturated fatty acids 0.3940.06 1.76+0.06

Polisaturated fatty acids 1.80£0.05 2.4 +0.05
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The intervals currently displayed are based on Fisher's Least
Significant Difference (LSD) procedure. They are constructed so
that if two means are equal, their intervals will overlap 95% of
the time. In Plot, display the intervals graphically by selecting
Plot of Means from the list of plot options. In multiple-range
tests, these intervals are used to determine which means are
significantly different from others. An asterisk has been placed
next to 9 pairs, indicating that these pairs show statistically sig-
nificant differences at the 95% confidence level. The method
currently used to discriminate between means is Fisher's Least
Significant Difference (LSD) procedure. With this method, there
is a 5% risk of calling each pair of means significantly different
when the actual difference equals 0.

Body length gain: The means of length gain was found to be
17.58 + 1.48 cm for the fed commercial diet (Control Diet) and
fish fed with algae formulation (Diet-Expt.) is 18.0 = 1.01 cm
during 2 months of growth period. Length gain was found to be
slightly greater but was not significantly (P>0.05) higher in Expt.
Dietetics compared to a commercial diet.

Survival rate: No mortality (Table 8) was observed during the
entire process time of the experiments, neither in fish fed with
commercial diet nor fish fed with algae. (SR=100%).

Growth summary: FCR is a measure of an animal's efficiency
in converting feed mass to body mass. The comparisons here
were made separately every 15 days during the experiment.
FCR values were significantly higher in the microalgae diet than
in the fish-fed commercial diet. According to (15) the FCR for
fish fed with well-prepared diets ranges between 0.91 and
1.17(16) concluded that FCR 1.19 indicated the most efficient
feed utilization by Oreochromis niloticus fingerlings. FCR values
of almost 1 were reported here, indicating the more efficient
utilization of food by Oreochromis niloticus. The results sug-
gested that the microalgae diet promoted Nile tilapia growth
and improved nutrient utilization, which is reflected in better
overall length gain, weight gain, FCR and SGR. The lower growth
rate recorded in the commercial fish-fed diet can be attributed
to low feed conversion efficiency. Progressive increases in WG,
LG and SGR were observed in microalgae-based diets, recording
better growth. Table 2.

There are few previous studies on Spirulina biomass use
in fish feed in common carp (Cyprinus carpio) 10% fish meal
replacement with Spirulina biomass demonstrated doubled
weight gain and in Pungasius sutchi feeding with 5% Spirulina
supplement enhances significant growth. The survival rate was
also higher (100%) when Tilapia (Oreochromis niloticus) was fed
with 5% dietary Spirulina platensis. The inclusion of 10% S. plat-
ensis resulted in better colouration in Rainbow trout reported
by (Aminul Islam et al., 2018). So here the effect of spirulina
biomass inclusion rate is evaluated in our work to validate that a
small percentage, like 3% biomass inclusion, has a significant ef-
fect on tilapia growth within 3 months. Another higher protein
factor was concentrated soy protein, contributing to the higher
growth rate.

Nutritional value of the meat (quality): The main compo-
nent of tilapia was moisture 74.15% and 74.31%, followed by
protein 16.19% and 14.44%, lipids 4.82% and 6.24%, carbohy-
drates 0.10% and 0.10%, fibre 2.13% and 1.39%, ash 4.71% and
3.62%. commercial feed and experimental feed, respectively
Table 3. These results have a very similar range to previous re-
ports on tilapia fillet fish by Heliyon et al. 2021. In our results,
we found a 12% increase in protein percentage and a 29% de-

crease in fat percentage, as expected from the higher protein,
lower fat formulated feed compared to the commercial feed. It
is a good amount of protein we achieve in 2 months, you can
increase the percentage of protein in fish meat when we feed
longer with food formulated with algae. FCR values of almost 1
were reported here, indicating the more efficient utilization of
food by Oreochromis niloticus.

Fatty acid profile in fish meat: Twelve fatty acids were iden-
tified in the fillet, predominantly palmitic (C16:0) and linoleic
(C18:2n-6). The experimental diets significantly influenced the
content of polysaturated fatty acids by 2.4 %, while saturated
fatty acids were 1.3 %. Omega 6 and Omega 9 was 2.33% and
1.76% respectively. Higher polyunsaturated fatty acid/saturated
fatty acid ratios compared to control, contributing to a reduced
thrombogenic index in sampled fillets. Table 3 & 4.

Discussion

Alternative protein ingredients for feed production in the
aquaculture sector have lots of importance due to an increas-
ing gap in the protein supply. Usually, products derived from
fish, soybean, wheat, corn, and animal by-products are the ma-
jor protein source for animal feed (Tacon et al., 2009) Due to
the shortage in supply of conventional ingredients, sustainable
feed generation is a concern with conventional protein sources,
alternative protein sources from crop plants [18], insects [19],
single-cell proteins (bacteria, yeast and microalgae) and fila-
mentous fungi [20,21] nowadays has been extensively studied.
Microalgae were previously reported as additives in feeds to
boost growth, immunity, meat colouration/quality, and other
biological activities [22], whereas developing a balanced feed
and evaluation of its impact on growth has very few reports.
Specifically, microalgae have a great possibility for the next gen-
eration marine protein source, due to their potential to replace
fishmeal and sustainability as ingredients in aquaculture [23-
27]. But the inclusion rate and the feed impact assessment are
always key factors as in some cases higher rates of microalgae
inclusion in feeds also resulted in negative effects in certain spe-
cies [26,28-30]. So here we specifically evaluated low inclusion
rate is beneficial to tilapia growth rate or not; we also found
that within a few months, it was having significant effects.

The inclusion of specific algae species is also very important
due to their nutritional profile. Previous reports have shown
that including small amounts of 2.5e10% [31] and 20% [32] of
microalgae in diets has resulted in higher growth performance,
feed utilization efficiency and physiological activity of fish. Mi-
croalgae-based feeds are better due to phytate content and in-
testinal inflammation produced by the soybean meal [33].But
the use of microalgae-derived feeds at higher inclusion levels
also exerts a negative effect on fish growth due to the presence
of inhibitory substances in microalgae e.g. tannins, protease
and amylase inhibitors etc [31].

Conclusion

We conclude that algae biomass and other plant protein
biomass added to tilapia feed nutritionally enriches fish fillets
in only 2 months of feeding, significant growth, and is a good
choice for commercial production.
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