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Introduction

Abstract

This study aimed to enhance Nile Tilapia growth using Chlorella vulgaris as a food
additive in the biofloc system. Different concentrations of C. vulgaris were tested in
four different treatments compared to control. The growth rate of Nile tilapia was
parallel with C. vulgaris addition to the treatments. The best productive value (growth
performance) for Nile Tilapia was recorded in T1 that was distinctly superior to the
other treatments. The use of C. vulgaris in the biofloc system decreased feed
conversion ratio (FCR) values; whereas the most significant value was observed at T1.
Phytoplankton structure in Nile Tilapia gut was predominated with C. vulgaris
representing 67.7% of the total phytoplankton crop. Statistical analysis also approved
that the most important factor affecting Nile Tilapia growth was C. vulgaris addition,
and some other chemical variables that affect phytoplankton’s growth such as POa. In
addition, muscle protein ratio of Nile Tilapia increased with increasing C. vulgaris
concentrations. Our data concluded that increasing C. vulgaris concentration
improved the growth performance of Nile Tilapia under the biofloc condition.

vital role in water quality control and nutrient cycling in
the culturing cell, in addition to improving water quality

One of the most important fish species worldwide
is Oreochromis niloticus (Nile tilapia) with about 4.2
million tons, representing 8% of fish aquaculture. World
production of aquaculture outside aquatic plants
reached 80 million tons in 2016, with inland fish
aquaculture production representing 59.3% (FAO,
2018).

Aquaculture is also of great significance because its
production accounts for approximately 60% of the total
aquatic protein used for human consumption. Still, as a
rapidly growing market, it puts immense pressure on the
aquaculture industry to find healthy and cost-effective
ingredients in fish foods (Salin et al., 2018; Goda et al.,
2020).

Biofloc technology (BFT) is an eco-friendly
technique, contains whole essential nutrients, plays a

by converting ammonia to nitrate, reducing required
dietary protein, reducing feed conversion ratio (FCR)
and feed costs and improving fish health by competition
with pathogens (Lifian-Cabello et al.,, 2002; Ju et al.,
2008a; Ballester et al., 2010; Ray et al., 2011;
Emerenciano et al.,, 2012a and b; Nimrat et al., 2013;
Avnimelech, 2015; Emerenciano et al., 2017).

Microalgae is one of the most significant biotic
factors shaping the thriving culture of Nile tilapia in
semi-intensive ponds (Mbonde et al., 2017); hence
phytoplankton is a source of natural feed for fish
farming in the pond (Arifin et al., 2018). Phytoplankton
can be used in fish feed to enhance fillet quality by
deposition of n-3 polyunsaturated fatty acids and is
considered a substitute for fish meal and fish oil in
aquatic feeds (Sarker et al., 2016).
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One of the most frequently exploited
phytoplankton species owing to its high protein content
(about 51%-58% of its dry weight), is C. vulgaris. It
contains essential amino acids (Becker, 2007), along
with many other beneficial substances (Rodriguez-
Garcia & Guil-Guerrero, 2008), and can be used as a
good protein source for African catfish and a substitute
for fishmeal in catfish diets (Enyidi, 2017).

Therefore, using algae as an unconventional feed
ingredient and feed additives in replacement of high-
cost feed materials such as fishmeal has been potentially
increased (Badwy et al., 2008). Some microalgae in fish
feeding experiments resulted in increased growth,
physiological activity, and disease resistance (Roy & Pal,
2015).

However, using C. vulgaris in the biofloc system still
needs further study. Therefore, this study was designed
to determine the efficacy of C. vulgaris in improving the
growth and viability of Nile tilapia in the biofloc system
and the sensitivity of fish growth to other factors.

Material and Methods
Experimental Conditions

This study was conducted in Fish Nutrition wet Lab,
at fish research station, National Institute of
Oceanography and Fisheries (NIOF), El- Kanater El
khayria, Egypt, in plastic tanks (125L capacity filled to
100L with water). The experiment was designed in
triplicates, with four different treatments besides the
control. The source of water was originally from a
freshwater well. The tanks were operated with zero
water exchange; however, water was added as needed
to replace evaporated losses. The tanks were aerated by
aquarium air pumps to maintain the proper oxygen
level.

Experimental Fish

Nile Tilapia (Oreochromis niloticus), mono sex, was
purchased from a commercial hatchery in Fayom
Governorate (Egypt). Fish were acclimated to the
experimental conditions for two weeks before the
feeding trial. Fish initial body weights (IBW) were ranged
from 6.05 to 6.68g. Fish were randomly assigned to 15
tanks (20 fish each). The treatments were designed in
triplicate replication. Fish were weighted and their
length was measured every two weeks through the
experimental period (75 days). Fish were not fed at the
weight day.

Preparation of the Experimental Alga

C. vulgaris was cultured in a Hydrobiology Lab in
National Institute of Oceanography and Fisheries (NIOF),
El- Kanater El khayria, Egypt. BG11 culture medium was
used to grow C. vulgaris (llavarasi et al.,, 2011).
Inoculation of C. vulgaris (10° cells/ ml) was done,

through different interval times, in several 1500 mL
flasks filled to 500 mL medium and under controlled
conditions supported by a continuous air pump for
aeration, temperature 24°C+2°C, pH 7.3 and light
intensity ~ 2000 lux. (Measured at water surface) and a
fluorescent lamp for 24-hour lighting.

Diet and Feeding Protocol

One practical diet was formulated as
isonitrogenous (30% crude protein) and isocaloric (20
kj/g diet) for all treatments. Four different treatments
(namely; T1, T2, T3, and T4) comprising four different
volumes (80, 40, 20, and 10 ml, respectively) of C.
vulgaris culture (8 days incubation, 5x10° cell/ml) as a
food additive were added simultaneously with the
practical diet during the entire fish culture period. Fish
were fed ad libitum twice daily at 9:00 am and 3:00 pm,
five days a week. The control group received only the
practical diet with the same feeding protocol.

Starch was used as a source of organic carbon in
the biofloc system and added in a liquid form one time
daily for five days a week. The total daily amount of
carbon source was calculated according to (Hargreaves,
2013; Pérez-Fuentes et al., 2016).

Water Quality

Water quality variables were measured every week
during the experimental period (75 days). Dissolved
oxygen and temperature were monitored using a
dissolved oxygen meter (Professional Plus, USA). pH was
measured in the water column of the tanks by pH meter
(HI 8314 model). The settleable solids were measured
after 20 minutes by Imhoff cones (after filling the cone)
(Avnimelech, 2009). Chemical

variables (NHa4, NO2, NOs, PO4, and Total Alkalinity)
were estimated according to the procedures laid down
in APHA (2017).

Proximate Composition

Diets, fish carcass, and biofloc samples were
analyzed for dry matter (DM), ash content, crude
protein (N x 6.25) by the Kjeldahl method using a
Kjeltech auto-analyzer according to AOAC (2012). Crude
fat was measured according to Bligh & Dyer (1959).

Phytoplankton Identification and Enumeration

Drop method was applied for counting and
identifying phytoplankton species (APHA, 2017),
triplicate samples (5ul) were taken and examined under
inverted microscope ZEISS IM 4738, with magnification
power 20 and 40x. The results of phytoplankton density
were presented as the number of cells per liter (cell/l).
Phytoplankton identification was performed according
to Popovsky & Pfiester, 1990; Krammer & Lange-
Bertalot, 1991; Edmondson, 1992; Verlencar & Desai,
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2004; Lee, 2008; Bellinger & Sigee, 2010 and 2015;
Munshi et al., 2010.

Statistical Analysis

At the end of the experiment, data collected were
subjected to one-way analysis of variance (ANOVA)
using statistical software (SPSS 18) to detect significant
differences in all parameters. Duncan's new multiple
range tests (Duncan, 1955) was used to detect individual
differences between treatment means. All data were
represented as means * standard deviation (SD), and a
rejection level of (P>0.05) would be used for all
statistical analysis.

Pearson’s correlation was performed to assess the
relationship between the increased growth rate of Nile
tilapia with surrounding physical, chemical, and
biological factors. These relations were also examined
with a normalized principal component analysis (PCA).

Results

Distribution and abundance of phytoplankton in
the biofloc system and Nile tilapia gut after C. vulgaris
addition

Different concentrations of C. vulgaris were used
and compared in this experiment. The results indicated
that increasing C. vulgaris concentration enhanced the
growth of phytoplankton in the biofloc system, and
consequently, in tilapia's gut contents compared to
control.

Through the experiment period, the maximum
phytoplankton standing crop was observed at T1, that
received the highest concentration of C. vulgaris,
reaching about 46 x10°ell/l and 173 x105cell/gut in
both biofloc system and tilapia gut, respectively. Their
population density was gradually declined with the
other treatments T2, T3, and T4. The least density of
phytoplankton in both biofloc system and tilapia gut
were reported with control treatment, recording
6x106cell/l and 40 x10°cell/gut, respectively.

Phytoplankton composition, which grown in the
biofloc system, was dominated with Chlorophyta,
forming about 73.8% of the total phytoplankton density.
While Bacillariophyta represented the second group
concerning density, representing approximately 14.1%.
Charophyta, Euglenophyta, and Cyanobacteria were
presented with low densities, reaching about 7.3%,
3.0%, and 1.8%, respectively.

Studying the composition of phytoplankton in fish
gut contents and the biofloc system revealed that it was
more or less the same. It was predominated by
Chlorophyta, forming about 80.6% of the total
phytoplankton density found in fish gut, followed by
Bacillariophyta with about 12.2% and Charophyta
representing about 7.2%.

The average density of C. vulgaris in tilapia gut and
the biofloc system at the four different treatments
during the experimental period is shown in Figure 1.

Phytoplankton abundance in the biofloc
treatments and in tilapia gut during the present study
revealed that the dominant species was C. vulgaris as
shown in Tables 1 and 2. The average percentages of C.
vulgaris present in tilapia gut during the different
treatments along the experimental period are shown in
Figure 2.

Growth performance, feed efficiency, and survival
rate of Nile tilapia

Growth performance increased with the increase
of C. vulgaris addition in the biofloc system (Table 3).
The best productive values for Nile tilapia were recorded
in T1 and T2 treatments, which were distinctly superior
to the other groups. The control group significantly
recorded the lowest final average body weight of 28.47g
(P<0.05) among all dietary groups.

Fish fed with T3 treatment (Table 3) reported
substantially higher feed intake compared to other
treatments (44.36), while controland T4 treatment
(34.84 and 37.45, respectively) (P<0.05) recorded the
lowest values compared to other treatments. Use of
algae in the biofloc system decreased preferably the
feed conversion ratio (FCR) values, whereas the most
significant FCR (feed convertion ratio) values were
observed for T1 and T2 treatments (1.28 and 1.47,
respectively). In contrast, the insignificant values
(P=0.05) were recorded for T3 (1.76) and T4 (1.65)
treatments. Fish fed with T1 and T2 treatments recorded
the highest significant PER (protein efficiency ratio)
values (2.59 and 2.25, respectively). Otherwise, T3 had
the lowest PER values (1.89 %) (Table 3).

Concerning protein results for the present study,
T1 and T2 treatments showed higher protein ratios than
other treatments, while T2 and T3 treatments showed
higher whole-body lipid levels than other treatments
(Table 4).

Physico-chemical
correlations

The correlation matrix (Table 5) cleared that PO4
(r=0.73, P<0.05) was a limiting growth factor for
phytoplankton growth, especially C. vulgaris in a biofloc
system.

Statistical analysis showed a significant positive
correlation (r=0.62, P<0.05) between Nile Tilapia growth
rate and C. vulgaris density in the gut (Table 5).

PCA Figure 3 cleared that Nile Tilapia growth rate
is highly coordinate positively with POs4, NOs, and
alkalinity (r=0.90, 0.80, and 0.79, respectively, P<0.05),
and negatively with pH (r=-0.85) and DO (r=-0.45).

variables and  biological

Discussion

It was observed that using C. vulgaris as feed
additive in the biofloc system led to the dominance of
Chlorophyta (73.8% of the total phytoplankton density).
Hence in the gut of tilapia, forming about 80.6% of the
total phytoplankton density in the gut. Our result
showed that C. vulgaris represented a high average of
67.7% from tilapia's gut content along the experimental
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period. Ahmed et al. (2019) mentioned that
phytoplankton communities in a biofloc system for Nile
tilapia cultivation were dominated by Chlorophyceae.
The current study showed that using C. vulgaris as a feed
additive led to the increasing growth performance of
Nile tilapia; this result agrees with Mahmoud et al.
(2020). The best productive values (growth
performance) for Nile tilapia were recorded in T1 that
was distinctly superior to the other treatments. This
could be due to the addition of the highest amount of C.
vulgaris. Chlorella could be used as a good additive and
could promote the growth performance and
physiological parameters of gibel carp (Carassius
auratus gibelio) (Zhang et al., 2014)

Statistical analysis indicated that the most
important factor affecting Nile Tilapia growth was C.
vulgaris addition, and some chemical variables that
affect the growth of phytoplankton, especially C.
vulgaris such as POs4 as mentioned by Ahmed et al.

As the results revealed, algae in the biofloc system
reduced the feed conversion ratio (FCR) values
significantly, whereas the most significant FCR values
were observed at T1 and T2 treatments (1.28 and 1.47,
respectively). These results were in agreement with the
results of Emerenciano et al. (2017), who revealed that
algae in the biofloc system play a vital role in reducing
feed conversion ratio (FCR); this may be due to the high
digestibility of C. vulgaris, resulting in stimulation of fish
intestinal flora and subsequently increasing the activity
of digestive enzymes and efficient diet use (Khani et al.,
2017). Furthermore, fish that received the highest C.
vulgaris concentration in T1 and T2 treatments recorded
the most significant PER values (2.59 and 2.25,
respectively). Giving that protein in C. vulgaris can reach
up to 60%, our obtained results indicated that it could
be potentially used as a fish feed additive. Xu et al.
(2014) showed that Chlorella could be a good choice as
a fish feed due to the best crude protein level, a

(2019). significant concentration of polysaccharides, lipid,
Table 1. List of phytoplankton species recorded in a biofloc system and their abundance during the experiment period.
Species Biofloc system treatments

Control T1 T2 T3 T4
Phylum: Chlorophyta
Actinastrum hantzschii - - + +
Ankistrodesmus falcatus + 4+ ++ ++ +
Chlorella vulgaris + F+++ i Ft 4
Coelastrum microporum + + - - R
Crucigenia tetrapedia + ++ + ++ +
Eudorina elegans - + - -
Kirchneriella lunaris + ++ ++ + +
Monactinus simplex + ++ + -
Monoraphidium convolutum + +++ ++ + +
Nephrocytium limneticum - ++ + + -
Oocystis borgi + + - - R
Scenedesmus ecornis + - + +
Schroederia jadayi - + N + +
Tetradesmus incrassatulus - ++ + - -
Tetraédron minimum + ++ - + -
Tetraselmis suecica + ++ + - ++
Phylum: Bacillariophyta
Amphora ovalis - + - _ +
Aulacoseira granulate + - - + +
Cocconeis placentula - + - - +
Cyclotella meneghiniana + - + + -
Cymbella lanceolata - - - + +
Gyrosigma attenuatum + - - - +
Lyrella lyra - ++ + - -
Navicula radiosa - - + - +
Nitzschia linearis - ++ + - +
Nitzschia sigma + + + - -
Pantocsekiella ocellata + - ++ +
Pinnularia major + + + - -
Phylum: Charophyta
Closterium sp. + ++ + + +
Cosmarium abbreviatum + + - - -
Elakatothrix gelatinosa + ++ - + -
Staurastrum anatinum - - + + _
Phylum: Euglenophyta
Phacus acuminatus + + + - +
Phylum: Cyanobacteria
Merismopedia elegans + ++ + + +
Total 21 26 21 18 19

Note: abscent (-), present (+), moderate abundance (++), high abundance (+++), very high abundance (++++)
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Table 2. List of phytoplankton species recorded in Nile Tilapia gut and their abundance during the experiment period.

Tilapia gut treatments

Species

Control Tl T2 T3 T4
Phylum: Chlorophyta
Actinastrum hantzschii - - + - +
Ankistrodesmus falcatus + + + + +
Chlorella vulgaris + 4+ +++ ++ ++
Crucigenia tetrapedia + + + + +
Kirchneriella lunaris + ++ + - -
Monactinus simplex + + + - -
Monoraphidium convolutum + + - + +
Oocystis borgi + - - - -
Scenedesmus ecornis - + - - +
Tetradesmus incrassatulus - + - - -
Tetraédron minimum + + - - -
Tetraselmis suecica + - + - -
Phylum: Bacillariophyta
Amphora ovalis - + - - +
Aulacoseira granulate + - - + -
Cyclotella meneghiniana - - - + -
Cymbella lanceolata - - - + +
Lyrella lyra - - + - -
Navicula radiosa - - + +
Nitzschia linearis - + + - -
Pantocsekiella ocellata - - + - -
Pinnularia major + + + - -
Phylum: Charophyta
Closterium sp. + + + + -
Elakatothrix gelatinosa + + - + -
Staurastrum anatinum - - + + _
Total 13 14 14 10 9

Note: abscent (-), present (+), moderate abundance (++), high abundance (+++), very high abundance (++++)

Table 3. Growth performance and feed efficiency of Nile tilapia through 75-days under biofloc condition.

Parameters Treatments
Control T1 T2 T3 T4

Final body weight (g) 28.47+1.25¢ 37.01+1.692 33.82+1.0730 31.38+1.41bc 29.33+1.33bc
Gain (g) 22.42+1.26° 30.60+1.32° 27.07+1.03bc 25.15+0.74b 22.65+0.82P
SGR (%/day) 2.24+0.152b 2.59+0.032 2.38+0.012b 2.33+0.072b 2.23+0.11P
Feed intake (g) 34.84+0.48¢ 39.33+1.832 39.98+1.233b 44.35+0.462 37.45%1.04bc
FCR 1.55+0.943bc 1.2840.18¢ 1.47+0.07b¢ 1.76+0.082 1.65+0.122
PER (%) 2.14+0.112bc 2.5940.132 2.25+0.142b 1.89+0.09¢ 2.01+0.04bc

Note: Each value represents mean + SD (n = 3). Values within the same row with different superscript letters are significantly different (P<0.05).
Specific growth rate (SGR), feed conversion ratio (FCR) Protein efficiency ratio (PER), were calculated as follows: SGR (%/day) = 100 (In W2 - In W1).
TW2: The final weight of fish in g. W1: is the initial weight of fish in g. In: is the natural log. T: is the time in days. FCR = Feed intake (g)/ Weight gain
(8). PER = Weight gain, g / Protein intake, g.

Table 4. Whole-body composition (% on dry matter basis Dm) of Nile tilapia at the start and end of the experiment.

Treatments Moisture% Protein % Lipid (Ether Extract) % Ash%
Control 82.8410.462 56.78+1.79b 11.22+0.914 26.08+0.18?
T1 81.35+0.682b 63.09+1.222 17.06%1.31° 18.96+2.61°
T2 80.04+0.12¢b¢ 62.18+0.832 18.71+0.502b 18.06%0.57°
T3 79.04+1.08¢ 60.70+1.592b 19.83+1.45° 18.87+0.62P
T4 80.04+1.492 59.97+2.042b 12.43+1.96¢ 24.30+£1.422
Initial 85.95+0.34 61.86+0.9 7.04+0.95 24.9310.45

Note: Each value represents mean £ SD (n = 3). Values in the same columns with different superscript letters are significantly different (P<0.05).
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Table 5. Pearson’s correlation between Nile tilapia growth rate, surrounding physico-chemical and biological parameters.

. Chlorella  Total
Fish Floc density phytoplankton

Variables Growth  pH Temperature DO NHs  NO; NOs POs  Alkalinity Lo [
Rate volume inTilapia crop in biofloc

gut treatments

Fish Growth 1

Rate

pH -0.85 1

Temperature -0.06 0.03 1

DO -0.45 0.44 0.13 1

NHa 0.26 -0.39 0.10 -0.79 1

NO: 0.60 -0.55 -0.05 -040 036 1

NOs 0.80 -0.77 -0.03 -0.54 046 092 1

PO4 0.90 -0.86 -0.05 -0.64 050 045 069 1

Alkalinity 0.79 -0.75 -0.08 -0.58 051 090 09 071 1

Floc volume 0.72 -0.63 -0.11 092 069 050 069 081 072 1

(mi/L)

Chlorella

density in 0.62 -0.66 0.15 0.22 0.03 034 047 048 0.6 0.06 1

Tilapia gut

Total

phytoplankton — oo 052 0.17 071 058 045 057 073 0.64 0.84 0.15 1

crop in biofloc

treatments

Values in bold are different from 0 with a significance level alpha=0.05

minerals, and other bioactive components involved in Conclusion

many physiological activities.

Concerning lipid contents, the results showed that
lipid content varied with varying C. vulgaris
concentrations, increased levels of C. vulgaris resulted
in a gradual decrease in fish lipid content, this may be
due to that lipid content of C. vulgaris is slightly low
reaches approximately 12.5% (Blas-Valdivia et al. 2011).
Giving fish a higher concentration of C. vulgaris resulted
in decreasing the whole-body lipid levels. Our concluded
results were consistent with that of Badwy et al. (2008),
who stated that feed conversion ratio, growth
performance, and productive protein values were more
proficient in fish fed diets containing 50% of both
Chlorella and Scenedesmus spp., moreover carcass
analysis showed higher dry matter and crude protein
content, but lower lipid content.

Protein results for the present study confirmed
that the use of higher concentrations of phytoplankton
(T1 and T2 treatments) resulted in higher protein ratios
than other treatments. This is attributed to the use of C.
vulgaris as a dietary additive that resulted in enhancing
tilapia's growth performance as mentioned by Maliwat
et al. (2017).

Also, the increased concentration of
phytoplankton in the biofloc system led to increased
mean floc volume, as shown in T1 and T2 treatments
compared to the control. Rajkumar et al. (2016) found
that the floc volume in the first 15 days was slow due to
the clean surfaces of the reservoir and the lower
biological density at the start of the experiment. Then
the volume increased gradually throughout the
experiment, and the variance was constant over time.

Phytoplankton is the primary source of natural
feed for Nile tilapia (Oreochromis niloticus) farming in
the biofloc system. Introducing microalgae as a protein
source might further increase aquaculture’s efficacy and
subsequently increasing human food production. From
the data obtained, it could be concluded that increasing
concentration of C. vulgaris in the biofloc system
improved the growth performance of Nile tilapia under
the biofloc condition.
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