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Abstract

This study was undertaken to evaluate the use of Spirulina
{Arthrospir platensis) as a growth and immunity promoter for
Nile tilapia, Oreochromis niloticus (L.). Fish (1.88 g) were
‘randomly distributed into six group each at a rate of 20 fish per
100-L aquarium and fed on a diet containing either 0.0, 1.25,
2.5, 5.0, 7.5, or 10.0 g Spirulina/kg diet for 12 weeks. After the
feeding trial, fish of each treatment were challenged by
pathogenic Aeromonas hydrophila, which was given by
intraperitoneal (IP) injection and they were kept under
observation for 10 days to record any abnormal clinical signs and
the daily mortality rate. The growth-promoting influence of
Spirulina was observed with fish. The optimum growth and feed
utilization were obtained at 5.0 g Spirulina/kg diet. No significant
changes in fish survival among the different treatments, although
Spirulina supplementation increased protein deposition in fish
body especially when fed on 1.25 — 5.0 g/kg diet. No significant
differences in lipid and ash contents were observed among the
different treatments. The physiological parameters were
improved when fish fed Spirulina supplement. However, the
highest red bloed cells (RBC), white blood cells (WBC), and nitro
blue tetrazolium (NBT) values were obtained at 5.0 - 10.0 g
Spirulina/kg diet; meanwhile the lowest values were obtained at
control. Total fish mortality 10-days after IP injection with A.
hydropfiia and its count after incubation with fish serum
decreased with the increase of Spirulina level in fish diets. The
lowest fish mortality and bacterial counts were obtained when
fish fed 5.0 - 10.0 g Spirulina/kg. These results indicate that
Spirulina supplementation is promising for disease prevention in
tilapia culture, and the optimum level of Spirulina in fish diet is
5.0 - 10.0 g per kg diet.
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INTRODUCTION

Proper nutrition has long been recognized as a critical factor in promoting normal
growth and sustaining fish health. Prepared diets not only provide the essential
nutrients that are required for normal physiologicat functioning, but also may serve as
the medium by which fish receive other components that may affect their health
(Gatfin, 2002). However, research on diets optimization to enhance fish health is stilil in
its infancy.

Spirulina, Arthrospir platensis is a freshwater blue-green filamentous alga, and it
is receiving increasing attention for its bioactive components such as vitamins,
minerals, polyunsaturated fatty acids, carotenes and other pigments that have
antioxidants activity {Cohen and Vonshak, 1991; Mahajan and Kamat, 1995; Bhat and
Madyastha, 2000; Madhava ef a/, 2000; Lin ef af, 2007; Wang et 4., 2007). Bermejo
et al, (2008) reported that most antioxidant capacities of Spirulina protean extract are
attributable to the biliproteins contained in this microalga, such as phycocyanin. The
previous authors suggested that Spirulina could be used to produce a natural dietary
antioxidant supplement or added to healthy food products, such as cereals, fruit bars
or drinks, to prevent some chronic diseases where free radicals are involved. Moreover,
Spirulina is a rich source of protein (60~70%), vitamins, essential amino acids,
minerals, and essential fatty acids such as palmitic acid, linolenic acid, and linoleic acid.
Therefore, it has been used as a nutrient for fish larvae (Lu et &/, 2002; Lu and
Takeuchi, 2004} and as an ingredient in fish diet for juveniles and adults common carp
(Nandeesha et af, 1998, 2001; Takeuchi ef &/, 2002; Palmegiano et &/, 2005, 2008).

Tilapia farming has grown extremely fast in the last decade, where they are
cultured worldwide with annual growth rate of about 12.2% (El-Sayed, 2006). Nile
titapia, Oreochromis nifoticus is one of the most important species within the tilapia
species. Abdelghany (1993), Getahu (1994), and Abdel-Tawwab and El-Marakby (2004)
notes that Nile tilapia, @ . miloticus is omnivorous and can utilize a wide range of food
iterms including blue-green algae. Therefore, the present study was conducted to
determine the effects of graded levels of Spirulina (A. plantensis) on the growth
performance, feed utilization, non-specific immune responses, and resistance of Nile
tilapia to Aerormonas hydrophifa infection.

MATERIALS AND METHODS

Algae culture

A pure culture of Spirulina, A. platensis (Gomont) Geitler was obtained from Botany
Department, Faculty of Science, Zagazig University, Zagazig, Egypt. The basal medium
was adopted by Zarrouk (1966). The alga was cultivated in 50 L photobioreactors using
a unialgal semi-continuous cuiture (Morist et a/, 2001). To determine algal biomass, a
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100 miL aliquot of the algae suspension was filtered through a Millipore filter (0.45 um),
and the obtained floc was then oven-dried at 85 °C for 4 h and weighed.

Fish culture and feeding regime

Nile tilapia, O. niloticus (L.} fry were obtained from fish hatchery at the Central
Laboratory for Aquaculture Research, Abbassa, Abo-Hammad, Shargia, Egypt. Fish
were kept in indoor fiberglass tanks for 2 weeks for acclimation to the laboratory
conditions. Fifty fish were frozen at - 20 °C for chemical analysis at initial. Six group of
Nile tilapia (1.88 g) were randomly distributed into six group each at a rate of 20 fish
per 100-L aguarium (tripiicate each treatment). Each aquarium was supplied with
compressed air via air-stones using aquarium air pumps. Settled fish wastes were
cleaned daily by siphoned with three quarters of the aquarium's water, which was
replaced by aerated water from the water storage tank. Water temperature range was
26 - 30 °C. Each diet was fed twice daily; six days a week for a period of 12 weeks.
The feeding rate was 10% of live body weight for the first 4 weeks, reduced to be 5%
for the rest of the experimental period. Fish in each aquarium were group-weighed
every 2 weeks and the amounts of feed given were readjusted accordingly. Dead fish
was daily recorded and removed.

Diet preparation

A basal diet was formulated to contain 30.6% crude protein, 9.1% lipids, and 4.72
kcal GE/g diet (Table 1), Corresponding Spirulina culture volume was diluted by
distilled water up to 100 ml as a final volume, which was then added to the basal diet
to represent the levels of 0.0 {control), 1.25, 2.5, 5.0, 7.5, or 10.0 g/kg diet. Spirulina
was suspended in 100 ml distilled water and added to the ingredients of each diet,
which was blended for 40 min at least to make a paste of each diet. The pastes were
separately passed through a grinder, and pelleted (1 mm diameter) in a paste
extruder. The diets were air-dried and stored in plastic bags in a refrigerator (- 2 °C)
for further use.

Chemical analysis of diets and fish

The tested diets and whole-fish body from each treatment at the beginning
and at the end of experiment were analyzed according to the standard methods of
AOAC (1990) for maoisture, protein, fat and ash. Moisture content was estimated by
drying the samples to constant weight at 85 °C in drying oven {(GCA, model 18EM,
Precision Scientific group, Chicago, Illinois, USA). Nitrogen content was measured
using a microkjeldahl apparatus Labconco (Labconco Corporation, Kansas, Missouri,
USA) and crude protein was estimated by multiplying nitrogen content by 6.25. Lipid
content was determined by ether extraction in multi-unit extraction Soxhlet apparatus
(Lab-Line Instruments, Inc., Melrase Park, Illinois, USA) for 16 hours and ash was
determined by combusting dry samples in & muffle furnace (Thermolyne Corpaoration,
Dubuque, Iowa, USA) at 550 °C for 6 hours.
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Table 1. Composition and proximate chemical analyses (%; on dry matter bases) of the
experimental diets.

Ingredients Basal diet Spirulina
Herring fish meal 9.10
Soybean flour 52.57
Corn flour 19.25
Starch 7.00
Corn oil 1.80
Ced liver oil 1.98
Vitamin premix 2.0C
Mineral premix ¢ 2.00
o-cellulose 3.30
Carboxy-methyl-cellulose 1.0
Total 100

Chemical analysis (%)

Dry matter 91.7 23.2
Crude protein 30.6 62.4
Ether extract 9.1 6.3
Ash 8.3 8.7
Nitrogen free extract 52.0 22.6
Gross energy (kecal/g) ¥ 4.72 5.04

! Vitamin premix (per kg of premix): thiamine, 2.5 g; riboflavin, 2.5 g; pyridoxine, 2.0 g; inositol, 100.0 g;
biotin, 0.3 g; pantothenic acid, 100.0 g; folic acid, 0.75 g; para-aminobenzoic acid, 2.5 g; choline, 200.0 g;
nicotinic acid, 10.0 g; cyanocobalamine, 0.005 g; e-tocopherol acetate, 20.1 g; menadione, 2.0 g; retinol
paimitate, 100,000 IU; cholecalciferol, 500,000 IU.

2 Mineral premix (per kg of premix): CaHPO4.2H30, 727.2 g; MgCQ4.7H20, 127.5 g; KO 50.0 g; NaCl, 60.0
g; FeCgH507.3H20, 25.0 g; ZnCO3, 5.5 g; MnCl2.4H20, 2.5 g; Cu{QAcC)z.H»0, 0.785 g; CoCl3 .6H0,
0.477 g; Cal03.6H20, 0.295 g; Cr13.6H70, 0.128 g; AlCI3.6H30, 0.54 g; NazSeC3, 0.03 g.

* NFE {nitrogen free extract) = 100 ~ (brotein% + lipid% + ash% + fiber %)

* GE (gross energy) was calculated after NRC {1993) as 5.64, 9.44 and 4.11 Kcal/g for protein, lipid and NFE,
respectively.
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Water analysis

Water samples were collected biweekly at 15 cm depth from each aguarium.
Dissolved oxygen and temperature were measured on site with a YSI model 58 oxygen
meter (Yellow Spring Instrument Co., Yellow Springs, Ohio, USA). Unionized ammaonia
was measured using DREL/2 HACH kits (MACH Co., Loveland, Co., USA). The pH was
measured using a pH-meter (Digital Mini-pH Meter, model 55, Fisher Scientific, USA).
In all treatments, dissolved oxygen concentrations range was 4.9 - 7.2 mg/L, pH range
was 7.5 — 7.8, and unionized ammonia concentration range was 0.08 - 0.17 mg/L. All
the previous water quality parameters are within the acceptable range for fish growth
(Boyd, 1984).

Growth parameters

Growth performance was determined and feed utilization was calculated as

following:
Weight gain = final weight — initial weight;

Specific growth rate (SGR) = 100 {In W, — In Wy} / T; where W, and W, are the initial
and final weight, respectively, and T is the number of days in the feeding period,;

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

Protein efficiency ratio (PER) = weight gain / protein intake;

Apparent protein utilization (APU; %) = 100 x (protein gain / protein intake);
Energy utilization (EU; %) = 100 x (energy gain / energy intake).
Physiological measurements

At the end of the 12-week feeding trial, fish were fasted for 24 hours
immediately prior to blood sampiing and five fish per aquaria were randomly chosen
and anesthetized with tricaine methanesulfate (20 mg/L). The blood was extracted
from the caudal vein and divided in two sets of Eppendorf tubes. One set contained
sodium heparinate (500 U/L), used as anticoagulant, for the counting of red blood cells
(RBC) and white blood cell (WBC), which were done following the methods of Brown
{1988). Blood smears were fixed in methanol and stained with Wright-Giemsa stain for
determination of the differential WBC count. At least 200 WBCs were counted for
differential WBC determinations. The second set was left with no anticoagulant in order
to clot at 4 °C and centrifuged at 5000 rpm for 5 min at room temperature. Glucose
was determined calorimetrically according to Trinder {(1969). Total protein content in
plasma was determined calorimetrically according to Henry {1964). Total lipids content
in plasma was determined calorimetricaily accerding to Joseph ef a/ (1972). Albumin
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and globulin in plasma were determined calorimetrically according to Wotton and
Freeman (1982). The production of oxygen radicals by leukocytes was assayed by the
reduction of Nitro Blue Tetrazolium (NBT, Sigma-Aldrich Chemical, St. Louis, MO, USA)
according to Rook ef a/ (1985). Absorbance was converted to NBT units based on a
standard curve of NBT diformazan per milliliter of blood.

Challenge test

At the end of the study, fish in each aquarium were divided into two groups.
The first group was challenged with pathogenic A. Aydrophia. A 0.1 ml dose of 24-h
broth from virulent bacterial pathogen of A. Aydrophila (5x10° cells/ml) was given by
intraperitoneal (IP) injection (Schaperclaus et a/, 1992). The second group was IP
injected by 0.1 ml of saline solution as a control. All groups were kept under
observation for 10 days to record any abnormal clinical signs and the daily mortality

rate.
Bacteriocidal activity

Bacteriocidal activity in fish samples was analyzed according to the Miles—Misra
technique {Okada et al., 1999). A. Aydrophia used in this assay was stocked at —80 °C
in glycerol solution. This strain was inoculated with tryptone soy broth (TSB). Bacteria
culture was grown for 24 h at 30 °C on TSB medium, and the culture broth was
centrifuged, washed with saline solution and suspended in gelatin veronal buffer
(GVB). Bacterial densities were adjusted to 1 x 10° cells/m using a spectrophotometer
and viable counting was conducted by inoculating with serial dilution in GVB on
tryptone soy agar (TSA). The serum sample was mixed with GVB (1: 4 v/v) and stored
at 4 °C until use. Serum samples were mixed with an equal volurmne of bacterial
suspension and incubated at 30 °C. Viable counts were checked by the agar plate-

spread method on TSA 24 h after incubation,
Statistical analysis

The obtained data were subjected to one-way ANOVA to evaluate the effect of
Spirulina supplement. Differences between means were tested at the 5% probability
level using Duncan Multiple Range test. All the statistical analyses were done using
SPSS program version 10 (SPSS, Richmond, VA, USA) as described by Dytham (1999).

RESULTS

Final fish weight, weight gain, and specific growth rate increased significantly
(P < 0.05) with the increase in Spirulina levels in fish diets (Table 2). The optimum
growth was obtained at 5.0 - 10.0.g Spirulina/kg diet, whereas the control diet
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produced the lowest fish growth. No significant differences in fish survival among the
different treatments (£ > 0.05), and its range was 93.3 - 95.6%. Moreover, fish fed on
diets containing 0.5 g Spirulina/kg consumed more diet than the other fish groups
giving the lowest FCR (1.22). Fish fed on control diet consumed less diet giving a
higher FCR {1.43). Fish fed 5.0 g Spirulina/kg diet produced the highest PER, APU, and
EU (Table 2).

Spirulina supplementation had no significant effect on the whole-fish body
composition except protein content, which was significantly affected (Table 3). No
significant differences in moisture, lipid and ash contents were observed among the
different treatments {# > 0.05). Fish fed on 1.25 — 5.0 g Spirulina/kg diet exhibited the
highest protein content without significant difference among them (£ > 0.05).

Fish fed on diets containing 2.5 - 10.0 g Spirulina/kg diet exhibited similar
RBCs and WBCs counts and their ranges were 2.07 — 2.54 x 106/pL and 3.29 — 4.02
10°/uL, respectively (P < 0.05; Table 4). The low counts of RBCs and WBCs were
obtained at the control diet 1.87 x 10%uL and 3.13 10%/ul, respectively. No significant
changes in lymphocytes were observed at 2.5 — 10.0 g/kg diet (P < 0.05), whereas the
lowest one was observed at the control diet (84.4%). Contrarily, the controi diet
produced the highest monocytes and granulocytes, which decreased with the increase
of Spirulina levels in fish diet (£ < 0.05; Table 4).

Serum glucose, lipids, protein, albumin, and globulin values increased with the
increase of Spirulina supplementation and the highest values were obtained at 5.0 -
10.0 g Spirulina/kg diet without significant difference among them (Table 5). The
lowest values of the above parameters were obtained at the control diet. Similarly,
Spirulina supplementation stimulated superoxide anion production (NBT values) and
the highest NBT values were obtained at 5.0 - 10.0 g Spirulina/kg diet, meanwhile the
lowest value was obtained at the control diet (Table 6). The bacterial count after
incubation with fish sera decreased with increase of Spirulina level in fish diets. The
lowest bacterial count was obtained in fish fed 5.0 - 10.0 g Spirulina/kg, whereas the
highest one was obtained when fish fed control diet (Table 6).

Fish mortality after IP injection with A. Aydrophifa increased significantly (P <
0.05) by increasing the rearing time and the maximum fish mortality rate was
obtained 4 days post bacterium IP injection after which no mortality was observed
(Fig. 1). The total fish mortality 10 days after IP with A. Aydrophila decreased
significantly (# < 0.05) with the increase of Spirulina supplementation. The bacterial
count after incubation with fish sera decreased with increase of Spirulina level in fish
diets. The lowest bacterial count was obtained in fish fed 5.0 - 10.0 g Spirulina/kg,
whereas the highest one was obtained when fish fed control diet (Table 6).



Table 2. Growth performance and feed utilization of Nile tilapia fed practical diets containing different levels of Spirulina for 12 weeks.

5ot ina levels (g/kg diet)

Control (0.0) 1.25 Z.5 5.0 7.5 10.0

Initial weight {g) 1.87+£0.015 a 1.89+0.010 a 1.89+0.023 a 1.88+0.024 a 1.88+0.019 a 1.89+0.023 a
Final weight (g) 14.1240.62 ¢ 14.81+0.27bc  15.27+0.23b  16.93+0.16 a  14.68+0.43c  14.63+0.81 ¢
Weight gain (g) 12.25+0.61 ¢ 12.92+40.27 be 13.38%0.24 b 15.05+0.15 a 12.80+0.45 ¢ 12.74+0.78 ¢
SGR (%/day) 2.41£0,047c  2.45:0.026 bc  2.49+0.028b  2.62%0.013a  2.45%0.047 bc  2.44+0.050 bc
Survival rate (%) 95.6+2.2 a 95.6+2.2 a 93.3+3.8a 95.6+£2.2 a 93.3:3.8 a 95.642.2 a

Feed intake (g feed/fish) 17.5+0.84 ab 17.5+0.54 ab 18.2+0.74 a 18.4+0.15 a 16.9+0.41 bc 16.8+0.54 bc
Food conversion ratio 1.43+0.135 a 1.3520.044 b 1.36+0.040 b 1.22+0.020 ¢ 1.32+0.015 b 1.32+0.039 b
Protein efficiency ratio 2.49+0.081c  2.63%0.087 bc  2.62+0.087 bc  2.921+0.082 a 2.70+0.078 b 2.70£0.078 b
Apparent protein utilization (%) 44.42+1.11 ¢ 47.17+£1.39b 47.57£1.12 b 52.64+1.32 a 48.65+£1.15 b 48.11+1.10b
Energy utilization (%) 29.20£0.76 ¢ 30.03£0.67 bc  30.4530.71bc  34.02+0.88 a 31.82+1.25b 31.80+0.77 b

The same letter in the same row is not significantly different at P < 0.05.
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Table 3. Proximate chemical analysis {%; on dry matter basis} of whole body of Nile tilapia fed practical diets containing different
levels of Spirulina for 12 weeks.

Items Spirulina levels (g/kg diet)

{%) Control (0.0) 1.25 2.5 5.0 7.5 10.0
Moisture 72.5x0.27 a 72.910.31 a 72.5%0.37 a 72.5+0.56 a 72.3£0.33 a 72.4+0.19 a
Crude protein 62.0£0.31 b 63.7+0.24 a 63.4+0.33 a 63,4046 a 62.4+0.45 b 62.0£0.48 b
Total lipids 25.5+£0.18 a 24.3+0.24 a 24.5+0.41 a 25.1£0.54 2 25.340.26 a 25.7+0.18 a
Ash 11.8+0,233 a 11.6+0.053 a 11.9£0.089 a 11.3£0.078 a 11.8+0.021 a 11.9+0.302 a

The same letter in the same row is not significantly different at P < 0.05,

Table 4. Red blood cell count (RBC), white blood cell count (WBC), lymphocytes, menocytes, and granulocytes of Nile tilapia fed
practical diets containing different levels of Spirulina for 12 weeks.

Items Spirulina levels (g/kg diet)
Control {0.0) 125 25 5.0 7.5 10.0
RBC (x10%uL) 1.87+0.087 b 1.92+0.079 b  2.07+0.127ab  2.37£0.153 a 2.48+0.158 a 2.54+0.127 a
WBC (x10°/ul) 3.1340.124b  3.21x0.133 b  3.29+0.176ab  3.74x0.098 a 3.9740.127a  4.02+0.133 a
Lymphocytes (%) 84.4+0.29 -  88.1+2.59bc  93.2:2.71ab ' 94.1x2.71ab 94.1%2.71ab  96.4+1.62a
Monocytes {%) 9.240.29 a 8.1+0.29 a 5.040.17 b 4,6+0,15b 4.6+x0.15b 2.840.06 ¢
Granulocytes {%) 6.4+0.23 a 3.8+£0.06 b 1.8+0.06 c 1.3£0.06 ¢ 1.3+£.0.06 ¢ 0.8+0.06 d

The same letter in the same row is not significantly different at P < 0.05.
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Table 5. Biochemical changes of fry Nile tilapia fed practical diets containing different levels of Spirulina for 12 weeks.

Spirulina levels (g/kg diet)

Items

(%) Control (0.0) 1.25 2.5 5.0 7.5 10.0
Glucose {mg/L) 118.4+2.62d 171.8£3.76 ¢ = 183.4+£2.53b  217.3+557a 216.7+7.11a  221.946.04a
Total lipids (g/L) 31.4£2.92 b 3253436 b 35.9+2.31 ab 36.144.15 ab 39.6+5.22 ab 41.3x2.73 a
Total protein (g/L) 19.6x1.24 ¢ 24.3+2.97 ¢ 25.9+1.28 be 30.1+4.07 ab 34.7+2.67 a 358+3.12 a
Albumin (g/L) 10.1+0.53 ¢ 10.5+0.32 ¢ 12.8+1.61 b 13.9%1.77 b 15.9+2.42 ab 17.2+2.84 a
lobulin (g/L) 6.3+£1.16 d 10.0+1.88 ¢ 14.1+£2.89 bc 16.3+2.78 ab 18.8+2.36 a 18.6£3.28 a

The same letter in the same row is not significantly different at P < 0.05.

Table 6. Blood leucocytes oxidative radical production (NBT) and the counts of A. Aydrophiia 24 h-after incubation with serum of Nile tilapia fed

different levels of Spirulina for 12 weeks.

_Spirulina levels (g/kg diet)

Items
(%) Control (0.0) 1.25 2.5 5.0 7.5
NBT {mg/mL) -, T1Y+0.010d + Viox+0.012 ¢ + YVWx0.088 b -, vav+0.020ab . ,YIVX0.067 a +,YY7+0.015 a
Bacterial count (x10* cell) 82.7+£3.28 a 68.0£1.73 b 61.2+1.73 c 46.7+2.96 d 42.3+2.03d 43.3£2.03d

The same letter in the same row is not significantly different at P < 0.05.
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Figure 1. Cumulative mortality rate (No. /day) of Nile tilapia fed a 30%-CP diet with
different levels of Spirufina in glass aquaria for 12 weeks and challenged by
A. hydrophifa for 10 days

DISCUSSION

Fish fed diets containing Spirulina (5.0 - 10.0 g/kg) had significantly better
growth and feed utilization as compared to fish fed the control diet. The present study
proved that dietary supplementation of Spirulina enhanced fish growth and immunity,
as brewers yeast, which had been reported to enhance the growth and immunity of
Nile tilapia (Lara-Flores et al, 2003; Abdel-Tawwab ef a/, 2008). These results may
possibly due to the improved feed intake and nutrient digestibility. Moreover, Spirulina
contains several nutrients especially vitamins and minerals that may help in fish growth
promotion. These resuits agree with those found by Belay et af (1996), Hayashi et 4/
{1998), Hirahashi et a/ (2002) who reported that feeding Spirulina to fish and poultry
improved survival and growth rates. In this regard, Watanabe et a/. (1990) mentioned
that feed supplemented with Spirulina powder improved the feed conversion ratio and
growth rates for striped jack, Pseudocaranx dentex. Similar results were obtained when
yeasts were added to fish diet (Tovar ef af, 2002; Lara-Flores et af, 2003; Waché et
al, 2006; Abdel-Tawwab et a/, 2008).

The Spirulina supplementation significantly affected the whole-fish body
composition. The better feed intake in Spirulina supplemented diets may have been
due to the increased fish appetite resulting in a higher feed intake and therefore
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improved growth. On the other hand, changes in protein and lipids contents in fish
body could be linked with changes in their synthesis, deposition rate in muscle and/or
different growth rate (Smith, 1981; Fauconneau, 1984; Socivio et a/, 1989; Abdel-
Tawwab et al, 2006).

In the present study, fish fed on diets containing 5.0 - 10.0 g Spirulina/kg diet .
exhibited higher RBCs and WBCs counts, glucose, lipids, protein, albumin, and globulin
as compared with fish fed the control diet. These results proved the improvement of
fish heaith when fed Spirulina-supplemented diets. Moreover, the measurement of
albumin, globulin, and total protein in serum or plasma is of considerable diagnostic
value in fish, as it affects the general nutritional status as well as the integrity of the

vascular system and liver function (Schaperclaus et a/, 1992).

In the present study, the results of bacteria challenge, bacteriocidal activity, and
NBT suggest the increase in phagocytosis in blood, which have an important role for
prevention of infectious disease. Phagocytosis by these cells is a process of
internalization, killing and digestion of invading microorganisms. In phagocytosis,
phagocytes produce oxygen free radicals during the respiratory burst, which is toxic to
bacteria. Several authors reported that phagocytosis is stimulated by oral administration
of probiotics {(Rengpipat ef &/, 2000; Li and Gatlin, 2004, Panigrahi ef g/, 2005; Taoka
et al.,, 2006}.

In this study, Spirulina could stimulate the immune system via increasing the
phagocytic and the natural killer activities (Qureshi and Ali, 1996}. This finding agrees
with Duncan and Klesius {1996) who reported that Spirulina are capabie of enhancing
non-specific immune responses in fish. However, they demonstrated that peritoneal
phagocytes from channel catfish, I punctatus fed Spiruliing plantesis, showed
enhanced phagocytosis to zymosan and increased chemotaxis to Edwardsiella ictaluri
exoantigen. Also, Watanuki ef a/. (2006) reported that Spirulina activated the functions
of leucocytes, such as phagocytosis and production of superoxide, and cytokinzs

production in common carp, Cyprinus canpio.

It is very important to estimate the useful impacts on fish treated v :ih
immuno-stimulants. In this study, the obtained results showed that tilapia fed %.0 -
10.0 g Spirulinz/kg diet increcsed the fish resistance against A. Aydrophyla. In this
regard, Watanuki et @/ (2002 estimated the fluctuation in the number of bacterial
cells in Spirulina-treate= fisti organs after an artificial challenge with A. Aydrophila.
They found that the bacteria numbers were lower in the liver and kidney of carp
treated with Spirulina than the control group suggesting the increased resistance A.

hydrophila infection.
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Spirulina contains phytopigments such as phycobilins, phycocyanin and
allophycocyanin, and xanthophylls, which seem to be related to its antioxidant activity
{Miranda ef a/, 1998; Bhat and Madyastha, 2000; Wang ef al, 2007; Bermejo ef af,
2008). Moreover, Abd Ei-Baky et a/. (2004), Wu et al (2005), and Hu et a/ (2008)
reported that the algal carotenoid extract had significantly antioxidant activity. The
usefulness of antioxidants is to protect cellular components against oxidative stress
(Mohan et af, 2006).

The present study concluded that Spirulina positively improved growth
performance and feed efficiency of Nile tilapia as well as its resistance to A. Aydrophila
infection. In addition, this study found that the optimum rate of Spirulina in the fish
practical diet is 5.0 — 10.0 g/kg.
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