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Abstract

This study was conducted in two experiments. The first
experiment aimed to test Spirulina extracts against pathogenic bacteria
by three types of solvents "petroleum ether ,diethyl ether and acetone”
The second experiment aimed to evaluate of the use of Spirulina at
different rates "10-15 and 20 g/kg feed" on growth performance of
Oreochromis niloticus and fish immunity (Heamatocrite, Lysozome,
Respiratory Brust and Total Antioxidant Capacity).The results clear
that: First :the acetone extract had significantly antibacterial against
bacteria. Second: The addedtive of Spirulina in fish diets were
significantly increased growth performance of Nile Tilapia. The 15g
Spirulina in fish diets were significantly increased of fish immunity.
The permissible level of Spirulina to fish diets was 15g/kg feed. The
study recommended using Spirulina in fish diets on a commercial
scale.

INTRODUCTION

Spirulina are multicellular and filamentous blue-green microalgae
belonging to two separate genera Spirulina and Arthrospira and consists of
about 15 species. Spirulina has gained considerable popularity in the health
food industry and increasingly as a protein and vitamin supplement to
aquaculture diets. It grows in water, can be harvested and processed easily and
has very high macro- and micro-nutrient contents. It has long been used as a
dietary supplement by people living close to the alkaline lakes where it is
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naturally found for instance those living adjacent to Lake Chad in the Kanem
region have very low levels of malnutrition, despite living on a Spartan millet-
base diet. This traditional food, was rediscovered in Chad by a European
scientific mission, and is now widely cultured throughout the world.

Some researcher has revealed that S. platensis or its extract could show
physiological benefits as antioxidant, antibacterial, anti-inflammatory, antiviral
or antifungal (Careri et al. , 2001 and Subhashini et al., 2004). Some volatile
components and various extracts of Spirulina also showed antibacterial
activities (Ozdemir et al., 2004). Recently (Mendiola et al., 2007) applied
supercritical fluid extraction to obtain functional extracts with antioxidant
and/or antimicrobial activities from S. platensis. Studies on antibacterial and
antifungal effect of Spirulina as also studies against various organisms that
incite diseases of plants and humans (Sharma et al., 2005; Rania and Hala
2008) have reported the protective role of Spirulina feed in freshwater fish. In
vitro antibacterial activity of laboratory cultured S. platensis was tested against
one Gram-positive bacterium (Staphylococcus aureus) and four Gram-negative
bacteria (Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi and
Klebsiella pneumoniae).

Immunostimulants enhance the innate immune system, thereby
preventing infectious diseases. In fish, several immunostimulants such as chitin
(Sakai et al., 1992 and Esteban et al., 2001), lactoferrin (Sakai et al., 1993),
dimerized lysozyme (Siwicki et al., 1998), substances play a promising role in
aquaculture by enhancing the resistance of cultured fish against diseases.

Fish culture is increasing to compensate the shortage of animal protein all over
the world. Fish under intensive culture conditions will be badly affected and
often fall prey to different microbial pathogens that have been treated with
chemotherapeutic substances of which antibiotics were intensively used. These
curative substances produce the problem of bacterial drug fastness on one hand
and the public health hazards on the other hand (Odowd and Austin, 2000).
These awaited drawbacks enforced the fish pathologists to seek for other
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alternatives; the use of natural immunostimulants in fish culture for the
prevention of diseases is a promising new development and could solve the
problems of massive antibiotic use. Natural immunostimulants are
biocompatible, biodegradable and safe for both the environment and human
health. Moreover, they possess an added nutritional value (Jessus et al., 2002).

The aim of the present study is directed to:

1- Study the ability of Spirulina plantensis extracts to inhibit microbial growth.
2- Natural immunostimulants of Nile tilapia fish after feeding on Spirulina
plantensis.

MATERIALS AND METHODS

This study was carried out in Central Laboratory for Aquaculture
Research at Abbassa, Agriculture Research Center, Egypt.

Cultivation of Spirulina plantensis:

In this study the used medium was Spirulina Medium (modified) (Aiba
and Ogawa, 1977).The first isolation of Spirulina plantensis was obtained from
botany department, faculty of science, Cairo university. Spirulina plantensis
was cultivated in Aiba and Ogawa medium. The culture was incubated at 30 £
2°C under continuous illumination produced by white fluorescent light (3000-
5000 lux). Alga was harvested at the late exponential growth phase.

Harvesting, extraction and processing the algal biomass:

In stationary phase the algal culture reached maximum growth, in this
case the circulation provided by the pumping system was stopped and the algal
cells harvested by filtrated the carboy using a cheese cloth of cotton or nylon.
The algal cells (Cyanophyta) were dried in oven at 60°C and ground in an
electric coffee mill. Resulting powder was submitted to lipid-soluble extraction
with (petroleum ether, diethyl ether and acetone) 1: 10 (p: v) using a soxhlet
extractor at 55-60°C all samples were refluxed until saturation (24 hours) and
the respective extracts were dried in an oven at 50°C or rotavapor (José Vitor et
al., 2002).
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Test microorganisms:

Gram negative bacterial strains Aeromonas hydrophila, A. jandaei, A.
sobria and Pseudomonas sp. and gram positive Staphylococcus aureus were
used for this study. These microorganisms were isolated from Abbassa fish
farm.

Tests for antimicrobial activity after extraction of Spirulina plantensis by
solvents (In vitro):

Using Paper disk assay:

The sterilized tryptic soy agar medium poured in sterilized Petri dishes.
After solidification the plates were inoculated with 0.1ml of fresh bacterial
suspension, immediately sterilized paper discs impregnated with 30 pl of the
extracted materials and air dried, were placed over the agar surface, this process
was done for each extract on the surfaces of bacteria. The plates incubated for
24 hrs and examined for inhibition zones. Also impregnate sterilized paper
discs in the solvents that used in extraction and put in the surface of agar as a
control.

Experimental design:

A total of 120 with individual initial weight (16 + 2 g/fish) Oreochromis
niloticus the fish were acclimatized for one week divided in twelve glass
aquaria (210 L/aquaria) and supplied with continuous aeration using air
pumping compressors. Fish were allocated into 4 groups (30 fish / group); each
in three replicates (10 fish / aquarium).

Experimental diets preparation:

Commercial basal diet (crude protein 36 %) was crushed, and then
divided into four treatments. The first treatment was mixed with (10 g/kg) dried
pure powder of Spirulina plantensis. The second treatment was mixed with (15
g/kg ) dried pure powder of Spirulina plantensis. The third treatment was
mixed with (20 g/kg ) dried pure powder of Spirulina plantensis and the fourth
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treatment was mixed with Spirulina medium free from dried algae (control
treatment). The diet was reformed into pellets, spread to air dry and stored at
4°C. Fish were hand-fed twice daily in 60 days, at a rate of 3.5% of body
weight. Quarter volume of aquaria water were siphoned daily.

Table 1. Composition and proximate chemical analysis of experimental diet

Ingredient %
fish meal 72
Soybean meal 44
yellow corn 7.7
vegetable oil 0.2
Corn gluten 60
Fish oil 0.2
milling wheat 16
Chemical analysis of diet

Energy kcal/kg 4013
crude protein 36
crude fat 6.45
crude fiber 4.17

The fish were weighed at day 15, 30, 45 and 60 biweekly during the
experimental period.

Growth Performance:

Fish of all replicates were weighed individually and their body weight
gain was measured. Specific growth rate (SGR) was calculated according to
Goodwin et al. (2007). SGR = Ln [final mean body weight (g)]-Ln [initial mean
body weight (g)] + time interval (days) x 100

Blood and serum sample for immunity assay:

In the second, fourth, sixth and eighth week of the feeding experiment,
the fish were anaesthetized by immersing the fish in water containing 0.1 ppm
tricaine methane sulphonate (MS-222). Blood-samples were collected as
pooling from the caudal vein of fish, by using needles previously rinsed in
heparin (15 unit / ml) for the evaluation of haematocrit and respiratory burst
activity. For plasma separation, the heparinzed blood was centrifuged at 3000
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rpm for 5 minutes. The plasma was stored at -20°C in screw cap glass vials until
used for lysozyme.

Haematocrit level:

Haematocrit level is a method used to determine the volume of packed
cells in the blood. The haematocrit value will vary depending on the health and
the physiological condition of the individual fish. Haematocrite capillary tubes
were used and measured according to (Purves et al., 2004).

Respiratory burst activity by measuring Nitro Blue Titrazolium activity
(NBT):

The NBT (yellow) is reduced to formazan (blue) in the reaction with
oxygen radicals from neutrophils and monocytes. The production of oxygen
radicals analyzed using NBT can be done by spectrophotometer. According to
(Siwicki et al., 1985).

Serum Lysozyme activity:

The lysozyme activity was measured using photoelectric colorimeter
with attachment for turbidity measurement according to (Schaperclaus et al.,
1992).

Total antioxidant capacity

The muscle homogenates (10% wi/v) prepared in ice-cold 150mM KClI
were used for in vitro assays. Homogenate was centrifuged at 1000 x g for 15
min and supernatants (cell free homogenate) were stored at -70°C until used.
The most common total antioxidant capacity tests were summarized by Rice-
Evans (2000).

Statistical analysis:

Statistical analysis was performed using the one way analysis of
variance (ANOVA). It was performed with SPSS statistical software (version
10.0, SPSS). The data were subjected for test of homogeneity of variances and



Abd - El hay et al. 195

Duncan test and were considered significantly different when P < 0.05 as
described by Dytham (1999).

RESULTS
Antimicrobial activities of Spirulina plantensis extracts:

The antimicrobial activities of Spirulina platensis petroleum ether extract
against different tested bacteria:

As shown in Table (2) Petroleum ether extract of Spirulina platensis had
large inhibition zone with Aeromonas sobria, Staphylococcus aureus and
Pseudomonase sp. where the diameter of inhibition zones were 34.3, 27.7 and
26.3mm respectively.

Table 2. The antimicrobial activities of Spirulina platensis petroleum ether

extract against different tested bacteria (inhibition zone measured as
mm).

Algal petroleum ether extract (30ul)

Bacterial species

Spirulina platensis Control
Aeromonas hydrophila 0.0 0.0
Aeromonas sobria 34.3 9
Aeromonas Jandaei 0.0 9
Pseudomonase sp. 26.3 9
Staphylococcus aureus 21.7 0.0

The antimicrobial activities of Spirulina platensis diethyl ether extract
against different tested bacteria:

Diethyl ether extract of Spirulina platensis had inhibition zones only
with Aeromonas sobria and A. Jandaei with diameter inhibition zones 38.3 and
12.7 mm. while, no response to Spirulina platensis diethyl ether extract only
(control) except in Aeromonas sobria had inhibition zone with diameter
19.3mm. as shown in Table (3).
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Table 3. The antimicrobial activities of Spirulina platensis diethyl ether extract
against different tested bacteria (inhibition zone measured as mm).

Algal diethyl ether

Bacterial species

Spirulina platensis Control
Aeromonas hydrophila 0.0 0.0
Aeromonas sobria 38.3 19.3
Aeromonas Jandaei 12.7 0.0
Pseudomonase sp. 0.0 0.0
Staphylococcus aureus 0.0 0.0

The antimicrobial activities of Spirulina platensis acetone extract against
different tested bacteria:

Acetone extract of Spirulina platensis had inhibition zones with all
examined bacteria 29.3, 12.7, 24.3, 21.7 and 17.7mm with Aeromonas
hydrophila, Aeromonas Jandaei, Pseudomonase sp., Aeromonas sobria and
Staphylococcus aureus respectively. The control had no effect on the bacteria as
shown in Table (4).

Table 4. The antimicrobial activities of Spirulina platensis acetone extract
against different tested bacteria (inhibition zone measured as mm).

Algal acetone extract (30pl)

Bacterial species

Spirulina platensis Control
Aeromonas hydrophila 29.3 0.0
Aeromonas sobria 21.7 0.0
Aeromonas Jandaei 29.3 0.0
Pseudomonase sp. 24.3 0.0
Staphylococcus aureus 17.7 0.0

Growth Performance:
Body weight (BW):

The means of body weights gain for the experimental treatments are
presented in Fig.. (1) after four weeks from the begging of feeding experiment .
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T2 showed higher significant (p<0.05) live body weight than the other
experimental treatments.

[BControl B3T10T2@T3
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Fig.. 1. The average body weight of Nile Tilapia biweekly under different rate
of Spirulina in fish diets during the experimental period.
From the presented data in Fig. (1), the average body weight were
significantly increased with increasing period . Also, show the body weight in

treated 3 were significantly increased (p<0.05) than other treatment.
Specific Growth Rate (SGR %0):

In the Fig.(2) there was increased in the specific growth rate % in T, and
followed by the control in the second week, but in the fourth week the SGR%
decreased in the three treatments T2 > T1 >T3. After that happened decreased
in SGR% of the control in the 6™ and 8™ week, increased in SGR% of T1, T2 in
the 6™ week and in T1 and T3 in the 8" week.
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Table 5. Effect of different treatments on Haematocrit values (%).

2" week 4™ week 6"weeks 8" weeks
Control 26.7 +0.88 22.7°+1.45 38.7°+3.75 24.7°+0.33
T1 300 45"+ 76 35°+29 57.7°+ 4.33
T2 327+43 61.7°+6 62.7°+ 1.45 63.7°+0.88
T3 233+6 32.7" +1.45 37.7° £ 1.45 32.3"+1.45

Means carrying different superscripts are significant at (p< 0.05) in the same column.C= basal diet free
from spirulina in fish diets. T1= Fish fed basal diet supplemented with 10g/kg spirulina in fish diets. T2=
Fish fed basal diet supplemented with 15g/kg spirulina in fish diets. T3= Fish fed basal diet supplemented
with 20g/kg spirulina in fish diets.

Respiratory burst activity:

The results from Table (6) showed that no significant difference in the
NBT value between the control (0.66 = 0.02) and the three treatments. T1 (1.21
+ 0.03) and T2 (1.22 £ 0.03) were high significant than the value in control
(0.94 + 0.07) in the 4" week of feeding with Spirulina plantensis supplemented
diet. In the 6™ week of feeding experiment, there was no significant difference
in NBT between the control and the three treatments, while the control group
decreased significantly in 4™ and 8" week (0.94 + 0.07) and (0.84 + 0.3)
respectively. Generally, T1, T2 had respiratory burst higher than control and T3
from the 4™ to 8"week of feeding experiment.

Table 6. Effect of different treatments on NBT values (%).

2"%week 4™ week 6" week 8™ week
Control 0.66 + 0.02 0.94° +0.07 0.99 + 0.09 0.84°+0.3
T1 0.62+ 0.01 1.21%+0.03 1+0.05 1.49°+0.3
T2 0.59 + 0.03 1.22* +0.03 1.2 £0.09 1.09% +0.2
T3 0.65 + 0.02 0.89° +0.05 1.2+03 0.9" +0.05

Means carrying different superscripts are significant at (p< 0.05) in the same column. C= basal diet free
from spirulina in fish diets. T1= Fish fed basal diet supplemented with 10g/kg spirulina in fish diets. T2=
Fish fed basal diet supplemented with 15g/kg spirulina in fish diets. T3= Fish fed basal diet supplemented
with 20g/kg spirulina in fish diets.
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Lysozme activity:

The result in Table (7) indicated that the initial value of lysozyme
activity increased significantly at the second week of feeding experiment. T1
(0.84 £ 0.04) and T2 (0.95 £ 0.002) were high significant than the value in
control (0.68 + 0.09), while there was no significant difference in lysozyme
activity between the control and the three treatments. Generally, T1 and T2 had
lysozyme activity higher than control and T3 from the 4™ week to 8"week of
feeding experiment.

Table 7. Effect of different treatments on Lysozme values (%).

2" week 4™ week 6™ week 8™ week

Control 0.68% +0.09 0.67x0.2 0.53+£0.02 0.45+£0.2
T1 0.84% + 0.04 0.71+£0.02 0.54 £ 0.09 0.82 £ 0.05
T2 0.95%+ 0.002 0.53+0.09 0.42+0.14 0.65+0.01
T3 0.65" + 0.009 0.47 £ 0.04 0.67+0.11 0.62 +0.19

Means carrying different superscripts are significant at (p< 0.05) in the same column. C= basal diet free
from spirulina in fish diets. T1= Fish fed basal diet supplemented with 10g/kg spirulina in fish diets. T2=
Fish fed basal diet supplemented with 15g/kg spirulina in fish diets. T3= Fish fed basal diet supplemented
with 20g/kg spirulina in fish diets.

Total antioxidant capacity(TAC):

From Fig. (3), revealed that TAC decreased nonsignificantly at first and
second month of feeding of all treatment except T3 at second month increased
nonsignificant comparing with control.
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Fig. 3. Showing total antioxidant capacity (TAC) in muscle of tilapia
fish during the experimental of feeding the fish during two months

DISCUSSION

Among the microalgae used as foodstuffs for food supplements and
animal feed in many parts of the world, Spirulina spp is the most popular due to
high nutrient values and cost effectiveness at the farm scale (Meng-Umphan,
2009). spirulina in diet of fish induce resistance of fish to environmental stress
that it can be related to effective compounds attributed Spirulina powder
(Khorshid et al., 2014).

The antibacterial activity of algal compounds extracted from algae
depends upon the type of solvent used for extraction. The present study
revealed that the use of organic solvents in the preparation of algal extracts
provide more consistent antimicrobial activity. Antimicrobials active lipids and
active fatty acids are present in a high concentration in this alga. Lampe et al.
(1998) who reported microorganisms was hypothesized by that lipids and Kkill
it by leading to disruption of the cellular membrane as well as bacteria, fungi
and yeasts because they can penetrate the extensive meshwork of peptidoglycan
in the cell wall without visible changes and reach the bacterial membrane
leading to its disintegration.
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The antibacterial of Spirulina platensis extracts was determined against
all tested bacteria. petroleum ether extract had antibacterial against (Aeromonas
sobria, Pseudomonase sp. and Staphylococcus aureus). Diethyl ether extract of
S. platensis had antibacterial effect against Aeromonas sobria and A. Jandaei.
and acetone extract of S. platensis had antibacterial against all tested bacteria.
Our results are in agreement with those by (Kaushik and Chauhan, 2008) who
reported that extracts of Spirulina platensis inhibited the growth of
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhi and Klebsiella pneumonia. Parisi et al., 2009 and Vinay Kumar et al.
(2011) found that the high antimicrobial activity of Spirulina platensis extracts
was against Staphylococcus aureus and Salmonella yphimurium. Usharani et
al., 2015 indicated that the Spirulina platensis extracts had antimicrobial
activity against pathogenic bacteria and fungi used in there study.

Present investigations is contradictory with the results of other studies
(Kaushik and Chauhan, 2008, El-Baky et al., 2008, Vinay Kumar et al., 2011).
The enhanced antibacterial activity expressed in sequential extraction might be
due to the fact that both hydrophobic and hydrophilic bioactive compounds
were extracted .

In our study the treatment that supplement by 15 g/kg (T2) dry Spirulina
to fish diets was the highest treatment in the increased the body weight of fish.
the results in our study in agreement with Watanabe et al. (1990) and Takeuchi
et al. (2002) who found that feed supplemented with S. platensis powder
improved the feed conversion ratio and growth rates in striped jack,
Pseudocaranx dentex. Lu et al. (2002) demonstrated that raw S. platensis can
be an effective uni-feed for larval tilapia at a feeding rate of 30% (on a dry
basis) of body weight. Abdel-Tawwab and Ahmed (2009) recorded that the
growth and feed utilization of O. niloticus were obtained at 5 g fresh culture of
S. platensis /kg diet. On the contrary, Ungsethaphand et al. (2010) recorded that
the final weight gain, specific growth rate, feed conversion ratio of hybrid red
tilapia were not affected by S. platensis supplementation. Mai et al., (2013)
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recorded that the optimum concentration of dried S. platensis in the O. niloticus
practical diet is 10 g/kg for 2 months, to positively improving health conditions,
enhanced the non-specific immunity of Oreochromis niloticus, as well as its
resistance to challenge by P. fluorescens infections. It is recommended to
supplement Spirulina in the diet of Nile tilapia especially those grow in farms
under immunosuppressive/stressful conditions. Additional researches are
needed to study additional desired effects of the blue green algae in cultured
fish. These variations might be attributed to the difference in the S. platensis
concentration to exert the intended effects, the form of S. platensis, raw or dried
S. platensis or even its products, fish species and size in addition to the rearing
conditions.

In the present study, higher hematocrit were observed in fish fed
spirulina containing diets indicating better fish health condition in agreement
with the results of studies by (Sung et al., 2013) and Aysel et al., 2015) on
parrot fish and O. niloticus respectively.

The immunomodulatory activity of spirulina has been attributed to its
content of C-phycocyanin (Venkataraman, 1997). Recent studies showed that
polyphenolic compounds possess protective effects on immune system
(Aquilano et al., 2008; Franova et al., 2010). In our study, significantly higher
respiratory burst activity was found in all supplementation levels of spirulina in
agreement with the results of studies by Watanuki et al. (2006), Abd el Tawwab
and Ahmad (2009) and Sung et al.(2013) on the common carp Cyprinus carpio
and Nile tilapia. In addition, Aysel et al. (2015) who showed a significant
increase respiratory burst activity was found in the O. niloticus dietary spirulina
10g/kg. Duncan and Klesius (1996) who reported enhancement of the peritoneal
phagocytes from channel catfish, I. punctatus fed S. platensis, Spirulina algae
contain carotenoids, which specifically improving fish health and increasing the
ability to Fig.ht off infections through the reduction of stress levels. Also, in our
study, significantly higher lysozyme activities were detected for all
supplementation levels of spirulina, and the highest activity was observed in T1
group. Lysozyme is found in a wide range of vertebrates, including fish and is
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one of the defensive factors against invasion by microorganisms (Mesaeli and
Phillipson, 2004). Results were in accordance with Tayag et al., (2010) who
concluded that the white shrimp L. vannamei that received the hot-water extract
of S. platensis had enhanced innate immunity as lysozyme and increased
resistance against V. alginolyticus infection. Similar results obtained by Ragap
et al. (2012) mentioned that oral administration of Spirulina platensis at a dose
of 10 mg / fish for 4 weeks to tilapia (O. niloticus) leads to enhanced lysozyme
activities .Similarly, Promya and Chitmanat (2011) showed a significant
increase in serum lysozyme activity in African sharptooth catfish Clarias
gariepinus fed 3% or 5% dietary spirulina. The importance of TAC as a novel
instrument to estimate the relationship between diet and oxidative stress-
induced diseases, is presented in recent studies( Serafini et al., 2002) and
(Brighenti et al., 2005). Total antioxidant capacity (TAC) may be an
appropriate tool to determine the additive antioxidant properties of plant foods(
Pellegrini et al., 2003). In our study, higher TAC was found in T3 at 2nd month
may be attributed to antioxidant activity of phenolic compounds such as
salicylic, trans-cinnamic, synaptic, chlorogenic, quimic and caffeic acids found
in the extract of spirulina (Vasudha et al., 2009) .

Finally, from the present investigation, it was concluded that the extracts
of the Spirulina platensis were determined antibacterial activity against all
tested bacteria (Aeromonas sobria, Pseudomonase sp. and Staphylococcus
aureus). Optimum concentration of dried S. platensis in the O. niloticus
practical diet is 15g/kg for 2 months, to positively improving health conditions,
enhanced the non-specific immunity of Oreochromis niloticus.
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