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ABSTRACT

A 90-day feeding trial was undertaken to evaluate the effect of adding Spirulina,
(Arthrospira platensis) (AP) to the diet of 90 (Oreochromis niloticus) fingerlings weight
(21.44+0.31 gm) on growth parameters and health status. Two iso-nitrogenous (30 % crude
protein); iso-energetic (3000 Kcal) formulated diets divided into: basal diet without any addition
(D1), and basal diet with 0.6 gm Spirulina /kg diet (D2). Each treatment was randomly stocked
into 6 glass aquaria (75 L each) with three replicates (n=15) where growth parameters
measured every month while serum biochemical components were measured at the end of
feeding trails. The results showed that in comparison with D1, Fish body weight gain was not
significantly (P=0.05) affected by addition of 6 g/ Kg of AP/ Kg diet (D2). Feed intake of
Spirulina supplemented group was significantly (P<0.05) decreased. Consequently, FCR was
not favorable in supplemented group. Protein intake and protein efficiency ratio decreased
significantly during second month as compared with D1. However, protein intake increased
significantly at the third month compared to DI1. Also SGR%/day in D2 was not significantly
(P>0.05) affected. Also there had been no significant (P=0.451) differences in dry matter and
ash between D2 or D1, but D2 was the better protein content than D1.

Serum biochemical components as lysozyme, (ug/ml), total protein and globulin of
Oreochromis niloticus were significantly (P<0.05) increased in D2 supplemented group after
three months of experimental period compared with the D1 supplemented group.

Keywords: Arthrospira platensis, growth performance, Oreochromis niloticus, Lactobacillus.

INTRODUCTION

The aquaculture industry has been globally
recognized as the fastest growing food
producing industry (FAO, 2014). Fish are an
important economic source of protein
compared to other sources of animal protein. In
developing countries, fish contribute about
30% of the total consumption of animal protein
per capita (Wang et al., 2017). Aquaculture
contributes more than half of the total fish

production in the world (Subasinghe et al.,
2009). In Egypt, the aquaculture industry
provides about 77% of the total national fish
production and secures more than 580,000 jobs
for workers in this sector (GAFRD, 2014; Mur,
2014; El-Sayed et al., 2015; FAO, 2016a,
FAO, 2016b).

The major threatening problems faced by
Nile tilapia are diseases that cause severe
financial loss. Although Nile tilapia (O.
niloticus) 1s somewhat more resistant to
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diseases than other kinds of fish, many
pathogenic organisms still affect them,
threatening their production (Farmer and
Hickman-Brenner 1992). So to control those
problems we must research for alternative
dietary components, such as functional food, in
order to reduce the need for antibiotics in
aquaculture (Perez-Sanchez et al.,
2011).Functional foods may be designed to
have physiological benefits and /or reduce the
risk of chronic disease elsewhere basic
nutritional functions, and may be similar in
appearance to conventional food and consumed
as part of a regular diet (Gouveia et al., 2010).
Examples  of  functional  foods  are
phytochemicals or other antioxidants and
probiotics.

Spirulina (A.platensis) is a source of
important biological components such as
allophycocyanin and B-Carotene, phycocyanin
antioxidant activity, sulphated polysaccharides
giving antiviral properties, and sterols, which
are responsible for anti-microbial activity
(Wang et al., 2007). Spirulina yields an
immunostimulating effect by increasing the
resistance of humans, and fish to infectious
diseases, the capacity of influencing
hemopoiesis, stimulating the production of
antibodies and cytokines. Also Spirulina is a
source of high biological value protein (60—
70% crude protein) (Lordan et al., 2011),
minerals (especially iron), essential fatty acids
and vitamins (especially vitamin B12 and pro-
vitamin A), (Gouveia et al., 2010).

Spirulina has been used at a low-level as
a feed additive to improve the taste, texture or
color of the whole fish or its flesh and for its
positive effects on growth, physiological
condition, feed utilization and stress and
diseases resistance (Mustafa and Nakagawa
1995). Therefore, the main objectives of this
study were:

1. To investigate the effects of dietary
supplementation of  Spirulina, (A.

platensis) on growth performance, feed
utilization.

2. To evaluate immunity competence as
Spirulina, (4. platensis) has
antimicrobial activity.

3. And to evaluate the effect of dietary
supplementation of  Spirulina (4.
platensis) on microbial load inside Nile
tilapia (O.niloticus) fingerlings.

MATERIALS AND METHODS

Experimental Work

The present study was conducted at the
Department of Internal Medicine, Infectious
Diseases and Fish diseases and Management,
Faculty of Veterinary Medicine, Mansoura
University, Egypt. This study aimed to
investigate the effects of  dietary
supplementation of Spirulina (A. platensis) on
growth performance, health status and
intestinal microflora of Nile tilapia (O.
niloticus) fingerlings reared in aquarium for 90
days.

Experimental System and Fish

Six glass aquaria with dimensions of
100x30%x40 cm were used. The experimental
treatment was tested in three aquaria for each
where each aquarium contains 15 fish. Each
aquarium was marked by 3 marks (top, middle
and bottom marks) and filled with
dechlorinated tap water to the top mark (25 cm)
and this gives a water volume of 75 liters.
Every day 8 liters of water was removed
(middle mark) and 10 liters of dechlorinated
fresh tap water was added. At the day of fish
weighing, after removal of the fish from the
aquarium by net, 20 liters of the water of the
aquarium was removed and equal amount of
dechlorinated fresh water was added. Each
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aquarium was supplied with automatic heater
(to maintain the water temperature at 28 =+
1°C), air pump and stone (to provide
continuous aeration to water). The dissolved
oxygen was 4-6 ppm. Water pH was in the
range of 7.2 -7.5 during the experimental
period .Nile tilapia (O. Niloticus) fingerlings
was obtained from Governmental Fish
Hatchery, El Manzala, Dakahlia, Egypt and
transported to the wet lab at the Department of
Internal Medicine, Infectious Diseases and Fish
diseases and Management, Faculty of
Veterinary Medicine, Mansoura University,
Egypt. Fish were fed control diet containing
30% crude protein and 3000 Kcal for 14 days
as a conditioning period before stating the
experiment.

Sources of Spirulina

Spirulina (A. platensis) was collected
from Al Hamra Lake, Wadi El-Natron, El
Beheira Governorate, and was developed in 20
liter plastic bottles in zarouq environment,
dried and grinded in Fish Production Lab.
Animal and Fish production Department,
Faculty of Agriculture, Alexandria University.

Experimental Feeding Trails on Nile Tilapia
Fingerlinges

An experimental feeding trial was
conducted using Nile tilapia (O. niloticus)
fingerlings to evaluate the effects of
supplementing (0.0, and 6 g /kg diet) of
Spirulina  (A.  platensis) on  growth
performance, feed utilization and whole body
composition, health status of Nile tilapia (O.
niloticus ) fingerlings.

Experimental Diets

For formation of the experimental diets
(30% crude protein and 300 kcal) the following

ingredients were used: fish meal, Corn gluten,
soybean meal, wheat bran, Rice bran, yellow
corn, corn oil, vitamin and mineral premix. The
amount of diet required was calculated
according to the weight of fish used, growth
expected dietary regime and experimental
period. Fine ingredients were weighed out
together and thoroughly mixed, followed by
the addition of corn oil and further mixing for
10 min. Distilled water (300 ml/kg) was then
added to soften the mixture and this was passed
through mincer with a 3 mm (diameter) and the
pellets were dried in an oven at 65 °C. The
dried diets were broken up into convenient
pellet size. Fish in each aquarium were fed
experimental diets twice a day, six days a week
at a rate of 3% of their body weight.

Proximate Chemical Analysis:

Samples of the experimental diets and
fish were chemically analyzed to determine dry
matter (DM), crude protein (CP), and ether
extract (EE), crude fiber (CF), and ash contents
according to the methods of AOAC (2000).
Nitrogen free extract (NFE) was calculated by
differences. Gross energy (GE) contents of the
experimental diets and fish samples were
calculated by using factors of 5.64, 9.44 and
4.12 kcal/g of protein, lipid and carbohydrates,
respectively (NRC, 1993). Proximate analysis
composition of the experimental diets was
presented in Table (1).

Fish Performance, Feed Efficiency

Fish growth performance and feed
efficiency  parameters  were  calculated
according to Cho and Kaushik, (1985) as
following equations:

1) Body weight gain, (BWG g/ fish) = [final
body weight-initial body weight]
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2) Body weight gain, (BWG, %) = [(W2-
W1/WT1) X100] where W2 and W1 is the
final and initial weight respectively.

3) Specific growth rate (SGR% / day) = [Ln
final weight - Ln initial weight] x 100
/time (days)

4) Feed conversion ratio (FCR) = feed intake
(g)/body weight gain (g);

5) Protein efficiency ratio (PER) = gain in weight
(g)/protein intake in feed (g).

Biochemical Parameters

At the end of the experimental period (90
days feeding trials), fish were not fed for 24 h
prior to blood sampling. Five fish from each
aquarium were taken for physiological
investigation. Fish were anaesthetized using
buffered tricaine methanesulfonate (20 mg/L),
and blood was collected from the caudal vein
with a sterile syringe and divided equally
among two clean and dry tubes. The first part
was centrifuged at 3,000 rpm for 15 min and
the serum was stored at —20 °C for total
protein, albumin and globulin content
determination colorimetrically using
spectrophotometer kit (purchased from Bio-
diagnostic, Egypt) according to the
manufacturers' instructions (Folin and Whu,
1920; Fawcette and Scott, 1960;Henry, 1968;
Annino, 1976).

To study immunity stimulating capacity,
a lysozyme activity assay was conducted
(Jongkon Promya and Chanagun Chitmanat,
2011). Shortly, the dry Micrococcus sample
(0.2 mg mL-1) in a 0.04 M phosphate buffer
saline solution (pH 5.75) was used as the
substrate where 40 pL of serum from the fish
sample was added to 3 mL of the bacteria. The
opacity levels at 540 nm decreased after
placing the sample at room temperature for 0.5
and 5 min were measured. A unit of lysozyme

activity is referred to as the opacity level has
decreased 0.001 min™.

Statistical Analysis

All data were analyzed by one-way
ANOVA using the statistical analysis system
procedure (SAS, 2006). All percentages and
ratios were transformed to arcsine values prior
to analysis (Zar, 1984). Duncan's multiple
range tests were used as a post hoc test to
compare differences among individual means
at (P <0.05).

RESULTS

Growth Performance And Feed Efficiency

The effect of the dietary Spirulina
platensis  supplementation  on  growth
performance of Nile Tilapia (Oreochromis
niloticus) 1s summarized in (Table 2). At the
end of experimental period there was no
significant difference in the body weight gain
between experimental diets. Also in all
experimental periods, body weight gain% was
not significantly (P>0.05) increased in fishes of
D2 supplemented diet compared with DI.
Average specific growth rate (expressed as
SGR%/dayl) was not significant increased
(P>0.05) with D2 supplementation in all
experimental periods.

Also feed efficiency of experimental fish
is summarized in (Table 3). Data show that D2
was significantly lower feed intake during
second month than D1. Also FCR of D2 was
not significantly improved (p>0.05) in all
experimental periods compared to D1. Also D2
showed no increase in protein intake during all
experimental period (P> 0.05). Protein
efficiency ratio and weight gain % not affected
during all experimental periods compared to
D2.
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Table (1) Ingredients and proximate composition of formulated diets.

Ingredients Formulated diets

D1 D2
Fish meal 9.30 9.30
Gluten 13.00 13.00
Soybean meal 25.00 25.00
Wheat bran 15.00 14.40
Rice bran 15.00 15.00
Yellow corn 18.70 18.70
Sun flower oil 2.00 2.00
Vit. and mineral premix’ 2.00 2.00
Spirulina platensis meal 0.00 0.60
Total 100 100

Chemical composition (%)

Dry Matter 93.22 93.32
Crude Protein 30.96 30.7
Crude Fiber 3.48 3.46
Ether Extract 431 431
Ash 4.66 4.85
NFE’ 49.81 50
GE kcal/g’ 4.20 4.19
DE kcal/g* 3.15 3.14
P/E (mg/kcal)’ 9.828 9.777

1 Each 1kg of premix contain: vit A 550000 IU, vit D 110000 IU, vit E 11000 mg, vit K 484 mg, vit C 50 gm, vit B1 440 mg, vit B2 660 mg, vit B3 13200 mg, vit B5 1100
mg, vit B6 1045 mg, vit B9 55 mg, Choline 110000 mg, Biotine 6.6 mg, iron 6.6 gm, copper 330 mg, Mn 1320 mg, Zn 6.6 gm, Se 44 mg, iodine 110 mg .
2 Nitrogen free extract = Organic matter (OM) - (protein + lipid + fiber)

3 Gross energy (GE) was calculated as 5.65, 9.45 and 4.11 kcal/g for protein, lipid and NFE, respectively NRC, (1993).

4 DE (Digestible energy) was calculated by applying the coefficient of 0.75 to convert gross energy to digestible energy according to (Hepher et al., 1983).
5 P/E (protein energy ratio) = crude protein x 1000 / digestible energy, according to (Hepher et al., 1983).

Table (2): Growth performance of Nile tilapia (O.niloticus) fingerlings fed on experimental diets
containing different levels of Spirulina (A. platensis).

Experimental diets
Items DI D2 P-Value
Initial body weight (IBW,g/fish) 21 22.83 NS
Final body weight (FBW) ,g/fish 36.99° 38.33% NS
Body weight gain (BWG) ,g/fish
First Month 5.54+0.72 5.00+0.91 NS
Second Month 4.68+0.25 4.95%+1.08 NS
Third Month 5.77°£1.25 5.55+0.81 NS
Body weight gain (BWG), (%)
First Month 26.38°+3.25 21.90+1.56 NS
Second Month 17.63%+2.37 17.78+3.06 NS
Third Month 18.48°+2.10 16.93+2.50 NS
Specific growth rate (SGR/day/%)
First Month 1.67+0.04 1.41°+0.06 NS
Second Month 1.16+0.02 1.17+£0.05 NS
Third Month 1.21+0.001 1.11£0.02 NS

Diet 1 (control diet without AP); diet 2, contained 6.0 g /kg Spirulina (4. platensis),
“Means in the same row having different superscripts are significantly different (P < 0.05).
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Table (3): Feed intake , feed conversion ratio , Protein intake and Protein efficiency ratio of Nile
tilapia (O.niloticus) fingerlings fed on experimental diets containing different levels of
Spirulina (A. platensis).

Formulated diets

Items DI D3 P-Value
Feed intake (FI,g/fish)

First Month 19.11+0.46 20.36+0.054 NS
Second Month 24.47°+0.60 22.88°+0.92 NS
Third Month 18.00+1.85 18.8+0.523 .0001
Feed conversion ratio

First Month 3.449+0.39 4.073+0.25 0.35
Second Month 5.229+0.06 4.62242.28 NS
Third Month 3.119°+0.51 3.387°+0.47 0.05
Protein intake (P1,g/fish)

First Month 5.916+0.14 6.302+0.15 NS
Second Month 7.508°+£0.19 7.082°+0.28 NS
Third Month 5.574°+0.57 5.820%+0.16 NS
Protein efficiency ratio (PER)

First Month 0.936°+0.10 0.793°+0.12 NS
Second Month 0.623+0.02 0.699+0.14 .0001
Third Month 1.03540.08 0.953+0.11 NS

Diet 1 (control diet without AP); diet 2, contained 6.0 g /kg Spirulina (4. platensis),

“Means in the same row having different superscripts are significantly different (P < 0.05).

Serum Biochemical Componets

Records of serum  biochemical
components confirmed that the concentration
of serum Lysozyme activity, overall protein,
albumin and globulin of D2 were higher
(P<0001) than of the manage organization
(table 4) (Folin and Wu, 1920; Fawcette and
Scott, 1960; Henry, 1968; Annino, 1976). D2
confirmed a better lysozyme (405.67, P<
0.0001), overall protein (3.670, P< 0.0001),
albumin (1.665, P< 0.0001) and tended to

increase globulin (1.665, P= 0.0001) compared
to DI. Consequently, the impact of D2 on
serum al, a2, Bl, B2, al and o 2 globulin
values of fingerlings Nile Tilapia presented in
table 4. A great, dose-dependent lower (P >
0001) of serum al- glob% and y;. glob% have
been found in D2. An opposite effect became
noticed regarding a2- glob%, P1- glob%, B2-
glob% and 7y,. glob,% where the values had
been drastically (P<0.0001) extended with
addition of S.platensis.

Table (4): Serum biochemical values of fingerlings Nile Tilapia fed on experimental diets

Item Experimental diets (g / Kg feed)

DI D3 P value
At The End Of Experimental Period

Lysozyme, (ug/ml) 273.00°+2.517 405.67'+1.764 0.0001
TP, (mg/dl) 2.460b°+0.006 3.670°+£0.012 0.0001
Alb, (mg/dl) 1.085°+0.003 1.665°+0.005 0.0001
Glob, (mg/dl) 1.42°+0.003 1.665°+0.007 0.0001
0. glob,% 34.60°+0.002 26.73°+0.006 0.0001
0,- glob,% 5.39°+£0.001 12.10°+0.001 0.0001
B1. glob,% 3.96°+0.002 8.03"+0.006 0.0001
B.. glob,% 3.89°+0.003 4.55+0.001 0.0001
¥1- glob,% 4.60°+0.005 2.08°+0.003 0.0001
Y2- glob,% 5.22°+0.001 7.25°+0.001 0.0001

Diet 1 (control diet without AP); diet 2, contained 6.0 g /kg Spirulina (4. platensis),

a - d Means in a row not sharing the same superscript differ significantly.
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Nile Tilapia Whole Chemical

Composition

Body

The effect of supplemented S. platensis
by 6 g SP/kg meal on carcass chemical
composition (%) of fingerlings Nile Tilapia is
offered in table 5. outcomes confirmed that

there had been no significant (P=0.451and
0.358) differences in dry matter and ash among
D2 or DI1. D2 the better protein content than
DI1. The lipid content material of Fingerlings
Nile Tilapia was notably reduced (p=0.01) with
supplementing 6 g SP/kg.

Table (5): Average muscular chemical composition of Nile tilapia after feeding different treatments

at the end of the experimental period

Experimental diets (g / Kg feed P-Value
Items = p (g/Kg l)2)
Moisture % 74.10+16.11 74.97+13.11 0.451
Crude protein % 63.10°+£23.6 69.90°+3.64 0.005
Crude fat % 20.11%2.10 18.01°£1.35 0.01
Crude ash % 13.77+0.93 13.68+0.91 0.358

"Diet 1 (control diet without AP); diet 2, contained 6.0 g /kg Spirulina (4. platensis),
a - ¢ Means in a row not sharing the same superscript differ significantly (p < 0.05).

DISCUSSION

Growth Performance

In our study, there was no significant
differences in body weight were observed in
experimental diets. But in other hand, a
research study on Nile tilapia (Zhao et al.,
2006) showed a higher growth in Nile tilapia
fed on low levels of algae meal in diets. Where
improved growth performance of Nile tilapia
fed on diet containing 1% Spirulina when
compared with the control diet, (Belal et al.,
2012) Furthermore, Allam, (2007) showed that
3% algae had a significant (P<0.05) effect on
body weight of Nile tilapia (Oreochromis
niloticus) all over the experimental period. It
could be recommended that low levels of
Spirulina (lower than 6 gm/kg) are the most
effective for improving the body weight of
Oreochromis niloticus. But in other studies
(Simanjuntak and Wibowo, 2016) in which the
finest growth of gurami is obtained at the level
of 0.6 g/kg S. platensis of diet. These may be
due to Spirulina when incorporated in the diets,
have the beneficial effects on host's gut micro

flora. Improvement in growth of fish by dietary
inclusion of Spirulina has been reported earlier
in a number of studies (Tongsiri et al., 2010,
Al-Koye, 2013). This finding is in consistent
with research Zeinab, (2015); the addition of
Spirulina in Nile Tilapia diet is very effective
in stimulating growth. But in other studies that
agree with our results, (Maryam Fakhabi et al.,
2015) showed that final average weight, daily
growth, body weight of juvenile fishes of
sturgeon (Acipenser stellatus) increase with the
addition Spirulina at 0.2 gm algae /Kg diet
comparing to other juvenile fishes fed on diets
supplemented with 0.3, and 0.4 gm of Spirulina
algae /kg diet and control group.

The present study suggests that
supplementation of fingerlings Nile tilapia
diets with up to 6 g SP/kg weight-reduction
plan has no effect on feed consumption. This
end result is steady with findings of Shimaa
Amer, (2016) in Nile tilapia fingerlings, in
which inclusion stages 0, 0.5, 1 and 1.5 algae
/Kg diet result in no tremendous differences
(P>0.05) in feed intake among fish fed
Spirulina dietary supplements or the control
diet.
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Consequently, D2 resulted in the lowest
value FCR (p>0.05). But other studies which in
conflict with our results proved that the
improved growth rate and FCR after addition
of Spirulina may be due to the antioxidant and
vitamins content of Spirulina, which improve
viability and FCR (Ali and Saleh, 2012).
Maryam Fakhabi et al., (2015) found that feed
conversion ratio of juvenile fishes of sturgeon
(Acipenser stellatus) improved by addition 0.2g
Spirulina algae/kg diet comparing to other
fishes fed on diets 0.3 and 0.4 g SP/Kg diet or
control group. This mean also that addition of
Spirulina with low level (lower than D2) gives
positive effect on FCR.

The present study showed that D2
produces no impact on protein intake during all
experimental period; also protein efficiency
ratio was declined at the same manner. This
end result is probably defined by optimizing
protein use for growth, a significant quality
given that protein is the most high priced feed
nutrient, the development in the biological
value of the supplemented diets in these
treatments with high population and low
nutritional protein demonstrated that Spirulina
supplements performed more effectively in
stress conditions (Ringo et al., 1998, Belal et
al., 2012, Al-Koye 2013). These results
disagree with findings Ebtehal El-Sayed
Hussein et al., (2014) in Nile tilapia where the
higher value of PER in diets containing
Spirulina 50% of the gluten meal protein
replacement  diets. The lowest feed
consumption values were recorded D2. The
decrease values of FCR, PER% and PI%
received from D2. (EI-Sheekh et al., 2014)
pronounced that the better feed intake in S.
platensis supplemented diets may have been
due to the elevated fish appetite and flavor
ensuing in enhancing the growth rate, FCR and
PER%. Even as the lower values of FCR and
PER% received from the fish group fed with
the diet which containing with 50% of dried S.
platensis.

Specific growth rate (SGR) is the
measuring tools reflecting the fish fitness status
under natural and experimental conditions. But
in the present study, specific growth rate
(SGR%/day) was not significantly increase in
D2 as compared with D1. But the positive role
of dietary algae on SGR (% /day) was reported
by some researchers (Britz, 1996 and Pilot et
al., 2014). Generally, these results were in
conflict with Nasreen, (2014) who reported that
addition 5 gm Spirulina /kg diet in fish diet
tend to increase significantly in weight gain
6.89, Daily growth rate 0.17, Specific growth
rate 0.147, Relative growth rate 15.31 and
Food conversion ratio 2.14 compared with

control or those fed on 1 and 3 gm Spirulina
/kg diet.

Serum Biochemical Components

Results concerning Lysozyme revealed
that increasing dietary Spirulina
supplementations led to an increasing in serum
Lysozyme activity at 90 days of the
experimental periods (p< 0.001) in a dose
dependent manner. This enhancement in serum
immunity occurs due to leukocytes secret
lysozyme that attacks the bacterial cell wall,
stopping their adhesion and colonization. also
lipoproteins and high molecular weight
polysaccharide of Spirulina cell wall act as
ligands to immune cell receptors brought about
increase the mRNA stages of numerous
chemokines and cytokines result in activation
of the immune system (Ravi, Maddaly et al.,
2010, Watanuki et al., 2006). results were in
agreement with Nath et al., (2012), when P.
incisa in Guppy fish (Poecilia reticulata) take a
diets supplemented with microalgae found out
an increase in stress resistance and the survival
rate related to the increase of lysozyme level.
Besides, Shimaa Amer, (2016) the level of
Lysozyme value was found to be higher than
those fed on basal diet. EI-Sheekh et al., (2014)
stated that stimulation of the immune system
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when supplement diets with Spirulina occur
due to increasing the phagocyte and the natural
killer activities. (Bermejo et al., 2008) who said
that the antioxidant capacities of Spirulina
protein extract may be due to the bili-proteins
inside the microalgae, including phycocyanin
so that we are able to use Spirulina to enhance
the animals protection mechanism by way of
supplementing their diets with Spirulina.

Serum proteins consisted of globulin that
is the essential protein constituent of serum that
taken into consideration a part of the immune
response where it enters in the formation of
antibodies. The values discovered for total
protein, albumin and globulin are similar to
those stated by Ganong, (2005).Total protein
can be used to determine the fitness status of
fish and maintaining the key position in the
immune response (De Pedro et al., 2005). A
fish albumin level performs a crucial function
within the functioning of colloidal osmotic
stress of the blood and the transportation of
chemicals  exogenous and  endogenous
metabolites (Baker, 2002).Total protein,
albumin and globulin of gurami obtained from
D2, (Simanjuntak et al., 2016). Spirulina can
improve immunity and health of Nile tilapia
where increased levels of Spirulina in feed diet
increase serum total protein and globulin
compared to D1, whereas albumin level was
not a significant affected with those
supplementation, (Zeinab et al., 2015).

CONCLUSION

The present study concludes that
Spirulina (A. platensis) not significantly affect
growth performance and feed efficiency of Nile
tilapia fingerlings but in other hand help in
improving immunity stimulating capacity and
health status at end of experimental period in
Nile Tilapia.
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