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Abstract

The effect of different levels of Spirulina
platensis on growth performance, intestinal
morphology, gut microflora and some blood
parameters in broiler chickens was investi-
gated in this study. A total of 300 Ross 308
broiler chicks with initial weight of 36.28 +
0.38 g were used in a completely randomized
design with 5 treatments, 4 replicates and 15
broiler chicks in each replicate. Experimental
diets included control diet (with no additive),
3 levels of algae (1, 1.5, 2 g/kg diet), and the
birds were fed by one level of prebiotic (1g/kg
diet) as a positive control from 1 to 42 day of
age. Results showed that Feeding broilers with
2g/kg algae feed caused the highest weight
gain compared to other experimental groups
(P<0.05). The highest feed intake related to
treatments include 1.5 and 2 g/kg algae diet
and the lowest related to treatment include 2g
algae/ kg diet (P<0.05). The concentration of
white blood cells, IgY, IgM, Ca and Phosphate
in blood serum of broilers fed with 2 g/kg alga
diet was higher than other groups, however,
the concentration of malondialdehyde (MDA)

was lower (P<0.05). Supplementation of diet

with alga increased the number of lactobacil-
lus in gut (P<0.05). Also, villus height and the
ratio of villus height/crypt depth in duodenum,
jejunum and ileum of broilers fed with 2g/kg
algae was higher than other groups (P<0.05).
In conclusion, S. platensis improved growth
performance, villus height, white blood cell
(WBC) count and decreased MDA in serum
of broiler chickens, so it can be considered as a

useful additive in broiler chickens diet.
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Introduction

Using of antibiotic growth promoters as
feed additives has been banned by the Euro-
pean Union in 2006 due to cross-resistance
against pathogens and residues in tissues,
so scientists searched for alternatives to an-
tibiotics (Hajati et al., 2011). In this view,
medicinal plants and essential oils extracted
from plants are becoming more important
due to their antimicrobial characteristics and
the stimulating effect on animal digestive
systems (Ciftci et al., 2005). Beneficial ef-
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fects of herbal additives in farm animal may
be due to the positive effects on feed intake
and digestive secretions, immune stimula-
tion, antibacterial, coccidiostatical, antihel-
mintical, antiviral or anti-inflammatory ac-
tivity (Fotea et al., 2010).

Spirulina (Blue green algae) is a microscop-
ic single cell algae which grows in fresh wa-
ter and has a simple structure but a complex
composition. It is a concentrated source of
food containing various nutrients, antioxi-
dants, and probiotics properties. Moreover,
it is an important source of the blue photo-
synthetic pigmented protein C-PC, which
has strong antioxidant and anti-inflamma-
tory properties. Interestingly, Spirulina is
known for its wide ranging biological ac-
tivities, like prevention of anemia because
of high iron and vitamin contents (Huang et
al., 2005), inhibition of herpes simplex in-
fection (Ferrira-Hermosillo et al., 2011). It
was demonstrated that the ethanolic extract
of S. platensis include alkaloids, flavonoids,
glycosides, tannins and phenolic com-
pounds, steroids and saponins (Anbarasan et
al., 2011). Kaoud (2012) conducted a trial to
investigate the effects of dietary supplemen-
tations of prebiotic (Lactose and Myco) and
S. platensis on broiler performance, carcass
yield, and organs weights. The researcher
reported that the body weight, average daily
weight gain, feed conversion ratio (FCR),
and carcass yield of birds were significantly
increased by the dietary inclusion of the pre-
biotic and S. platensis (P<0.05) as compared
to the control group. Bonos et al. (2016) in-
vestigated the effects of dietary Spirulina on
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growth performance, meat oxidative stabili-
ty and fatty acid profile of broiler chickens.
They found that body weight gain (at 21" day
and 42" day), feed conversion ratio, mortal-
ity, breast and thigh meat lipid oxidation did
not differ among the groups. Also, the fatty
acid profile of the thigh meat was enriched
in polyunsaturated fatty acids, especially
eicosapentaenoic acid and docosahexaenoic
acid after Spirulina supplementation. Loka-
pirnasari et al. (2016) examined the effect
of Spirulina as feed additive to myocardial
necrosis and leukocytes which were infect-
ed by Avian Influenza H5N1 virus. They
reported that there was no significant differ-
ence (P>0.05) in myocardial necrosis and
significant difference (P<0.05) in leukocyte
in the treatment of Spirulina. The research-
ers conclude that Spirulina can be used as
feed additive to increase immunity of broiler
chicken (Lokapirnasari et al., 2016).

Considering the beneficial effects of dietary
S. platensis in broilers, this study was con-
ducted to evaluate the effect of different lev-
els of S. platensis on growth performance,
intestinal morphology, gut microflora and

some blood parameters in broiler chickens.

Materials and Methods
Diets and management

This experiment was carried out using
a total of 300 Ross 308 (mixed-sex) broiler
chicks. One day old chicks (initial weight,
36.28 + 0.38 g) were obtained from a local
hatchery and divided into 20 groups of 15
birds each. On arrival, chicks were weighed

and randomly housed in wood shavings cov-
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ered floor pens (each 1x1.2 m). There were
5 experimental diets including 0, 1, 1.5, 2 g/
kg algae diet, and 1 g prebiotic/kg diet as a
positive control. The feeding program con-
sisted of a starter (1 to 10 day old), grower
(11 to 22 day old), and finisher diet (23 to 42

day old). The basal diet was in mash form and

prepared with the same batch of ingredients
for starter, grower, and finisher periods and
was formulated to meet the nutrient require-
ments according to Ross 308 guideline. All
birds had free access to feed and water during
the whole rearing period. The ingredients and

chemical composition of the basal diets are

Table 1. Ingredients and nutrient composition of basal experimental diets.

Ingredient (g/kg)

Corn, ground

Soybean meal

Soybean oil

Dicalcium phosphate
Opyster shell

Common salt

Minerals mix!
Vitamins mix?
DL-Methionine
L-Lysine hydrochloride
NaHCOs3

Calculated composition
ME (kcal/kg)

CP (%)

Ca (%)

AP (%)

Lysine (%)

Methionine (%)

Methionine+Cystine

1-10d 11-28d 29-42d
522.4 562.8 665
410.1 361.5 2599
235 37.7 35.7
18.2 15.8 17.2
12.3 11.2 11.6
3.6 2.8 2.9
2.5 25 2.5
2.5 25 2.5
2.8 1.8 1.7
2.1 1.5 1.4
0.0 1.0 1.0
2880 3000 3100
225 21 18.89
0.96 0.88 0.78
0.48 0.44 0.38
1.39 1.14 0.97
0.66 0.55 0.48
1.05 0.90 0.78

"Mineral mix supplied the following per kg of diet: Cu, 20 mg; Fe, 100 mg; Mn, 100 mg; Se, 0.4;

Zn, 169.4 mg.

Vitamins mix supplied the following per kg of diet: vitamin A, 18,000 IU; vitamin D3, 4,000 IU;

vitamin E, 36mg; vitamin K3, 4 mg; vitamin B>, 0.03 mg; thiamine, 1.8 mg; riboflavin, 13.2 mg;

pyridoxine, 6 mg; niacin, 60 mg; calcium pantothenate, 20 mg; folic acid, 2 mg; biotin, 0.2 mg;

choline chloride, 500 mg.
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shown in Table 1. Feed was prepared weekly
and stored in airtight containers. Tempera-
ture was initially set at 34°C on day 1 and
decreased linearly by 0.5°C per day. During
the study, the birds received a lighting regime
of 23 hours light and 1 hour dark (23L: 1D)
from 1 to 42 day.

Spirulina platensis analysis

S. platensis algae samples were cultivated on
July of 2017 in ACECR, Sari. Briefy, S. plat-
ensis was grown in modified Zarrouk’s medi-
um. Algae were incubated in a pond (12 m2)
with paddle-wheels at mean temperature and
irradiance of 29°C, 4 klux, respectively. Har-
vesting was performed after 12-14 days. The
composition of S. platensis was measured by
AOAC (Association of Official Analytical
Chemists) procedures (AOAC, 1990).
Growth performance

The experimental period lasted 42 day. On
day 1, 28, and 42, birds were pen weighed
and feed consumption was recorded. Feed
conversion ratio was calculated for each pe-
riod.

Carcass characteristics

At 42 day old, two birds per pen close to the
mean weight for the pen were selected and
killed by cervical dis-location, to determine
the carcass traits. The edible carcass (without
viscera or feet), breast, drumstick + thigh,
liver, empty gizzard and abdominal fat were
weighed and expressed as percentages of live
body weight.

Gut morphology

Intestinal tissues were obtained immediate-
ly after slaughter at day 42. Segments were

removed from the duodenum, jejunum and

189

ileum as follows. Intestine from the gizzard
to pancreatic and bile ducts was referred to
as the duodenum, the jejunum was defined
as the portion of intestine extending from
the bile duct entrance to Meckel’s diverticu-
lum and the ileum was defined as the region
from Meckel’s diverticulum to a point 40
mm proximal to the ileo-cecal junction. The
relative length of duodenum, jejunum and
ileum to 100 g live body weight was calcu-
lated. Jejunum samples (3 cm) were taken at
the midpoint of each section and immersed
in a phosphate-buffered formalin solution.
Two portions per sample were cut perpendic-
ular to the longitudinal axis of the intestine
and embedded in paraffin wax. Transverse
sections were cut (3 um), stained with hema-
toxyline-eosin and analyzed under a light mi-
croscope (Model U-TV0.5 XC-2, Olympus
corporatration, BX51, Japan) to determine
morphometric indices using image-analysis
software (DP2-BSW). Measurements for the
villi height were taken from the tip of the vil-
lus to the villus-crypt junction.

lleal microflora

The ileums were excised and contents were
collected by gently pressing the fingers to
move the content into tubes at 42 day of
age. Digesta of birds within a replicate were
pooled and put on ice until they were trans-
ported to the laboratory for enumeration of
microbial populations. One gram of ileal con-
tent was homogenized in 9 ml sterile water.
Each sample was serially diluted. Using these
diluted sub-samples, Lactobacillus was enu-
merated on De Man-Rogosa-Sharpe (MRS)

agar after incubation at 37°C in an anaerobic
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chamber for 48 hours (Guban et al., 2006)
and coli-forms and E. coli was counted on
CHROM agar ECC (EF322-Paris France) af-
ter incubation at 37°C in an aerobic chamber
for 48 hours (Sallam, 2007).
Hematological Parameters

At day 42, two birds from each replicate were
selected and their blood samples were collect-
ed using sterile syringes (2 ml) to draw blood
from the wing vein. Samples were collected
in EDTA-containing tubes. Blood smears
were prepared on slides and painted by Gi-
emsa method. The white blood cell counts
were determined by an improved Neubauer
hemocytometer method (Jain, 1993). To pre-
vent coagulation, blood samples were mixed
with EDTA and centrifuged at 3000g for 10
minutes. Plasma glucose concentration was
measured using commercial laboratory kits
(zistshimi and parsazmoon) with god-pap
method at 546 nm wavelengths. triglyceride,
cholesterol, LDL-cholesterol and HDL-cho-
lesterol were measured using commercial
laboratory kits (Friedewald et al., 1972).
Statistical analysis

Data were analyzed by GLM procedures
(SAS, 2001). Means were compared using
Duncan’s new multiple range test. The level

of significance was reported at P< 0.05.

Results

Spirulina platensis analysis

The chemical composition (crude fat, crude
protein, total carbohydrate, fiber, calcium, to-
tal phosphorus and ash) of the algae is shown
in Table 2.

Growth performance

The effects of dietary supplementation of S.
platensis on feed intake, body weight gain,
feed conversion ratio, mortality and European
production efficiency factor (EPEF) are shown
in Table 3. In starter period, feed intake and
body weight gain of broiler chicks fed with diet
supplemented with 2g/kg Spirulina diet or pre-
biotic was higher than control group (P<0.05),
however, feed conversion ratio of the chicks
consumed 2g/kg Spirulina diet or prebiot-
ic was lower than control group (P<0.05). In
grower period, the body weight gain of broiler
chicken fed with 1.5 or 2 g/kg Spirulina diet
was higher than other groups (P<0.05). In
finisher period and also whole period of rear-
ing, broiler chicken fed with 2g/kg Spirulina
or prebiotic had higher feed intake and body
weight gain, however, their feed conversion
ratio was lower than control group (P<0.05).
Broiler chickens fed with 1.5 or 2g/kg Spiru-
lina diet or prebiotic had lower mortality and
higher European production efficiency factor
in whole period of rearing.

Carcass characteristics

The effects of dietary supplementation of S.
platensis on carcass characteristics are shown

in Table 4. Supplement in diets with different

Table 2. Composition of the Spiruiina platensis analyzed by AOAC methods.

Crude Protein (% Crude Fat (%)

Calcrum (%)

Phosphorus (%) Ash (%)

74 1.73

1.02

1.41 12.51
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Table 3. Effects of Spirufina platensis on growth performance of broilers at different periods.

Spirulina platensis (g/kg dict)

Performance  Control 1 1.5

1to 10 day old

FI (g) 218.35° 22411 240.21°
BWG (g) 200.03¢ 203.20¢  209.63"
FCR (g/¢) 1318 |.23% 1.17°

11 to 28 dav old

Fl(g) 1237.28"  1240.06°> 1278.75"
BWG (g) 115154 1171.5¢  1238.25°
FCR (g/g) 1.53° 1.44® 1.40™

29 to 42 dav old

Fl(g) 3790.78° 384417 3918 96
BWG (g) 137590°  1303.40° 1441.05°
FCR (g/g) 2.09? 2.06° 1.99°

1 to 42 day old

Fl{g) 3790.78"  3844.17" 391896
BWG (g) 2237.19°  2266.25¢ 237519
FCR (g/g) 1.83* 1.83* 1.78°
Mortality (%) 4.00° 3.25° 3.25%
EPEF” 2794  2853® 307.4°

2 Prchiotic  SEM Pr>F
242 874 220,57 7.75 0.03
212.38 202.91¢ 0.987 0.041
1.13¢ 1.29? 0.01 0.0003
1317.83% 1234.38>  12.46 0.02
1281.752 1167.75% 11.64 <(.0001
1.45¢ 1.58¢ 0.013 0.014
3960.7¢ 383495 17.00 0.001
1488.71¢ 1375.76°  10.69 <0.05
1.92¢ 2.08° 0.017 <0.05
3960.7° 3834 .95° 17.00 0.001
2468 06°  2243.03° 214 0.0011
1.73¢ | .84 0.01 <0.0001
2.25¢ 3.75%® 0.4 0.05
332.0¢ 279.3¢ 4.11 0.002

Means within the same row with uncommaon superseript differ significantly (P < 0.05),

" European production efficiency factor

levels of Spirulina or prebiotic caused high-
er carcass yield at day 42 (P<0.05), however,
breast (%), drumstick + Thigh (%) and ab-
dominal fat pad (%) did not show significant
differences among the groups (P>0.05).

Gut Gut morphology

The effects of dietary supplementation of S.
platensis on gut morphology of broiler chick-
en are shown in Table 5. The villus height of
duodenum in broiler chicken fed with 2g/kg
Spirulina diet or prebiotic was higher than
control group (P<0.05). The crypt depth and
villus: crypt of duodenum in broilers fed with

1.5 or 2g/kg Spirulina diet or prebiotic was
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lower and higher than control group, respec-
tively (P<0.05). The villus height of duodenum
in broiler chicken fed with 1.5, 2g Spirulina/
kg diet or prebiotic was higher than control
group (P<0.05). The crypt depth of broilers
consumed different levels of Spirulina or pre-
biotic was lower than control group (P<0.05).
The villus: crypt of duodenum in broilers fed
with 1.5 or 2g/kg Spirulina diet or prebiotic
was higher than control group, respectively
(P<0.05). The villus height of ileum in broiler
chicken fed with different levels of Spirulina
was higher than control group (P<0.05).

Lleal microflora
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As shown in Table 6, dietary supplementation (P<0.05), however, the count of ileal Lacto-
of different levels of S. platensis or prebiotic bacillus subtilis increased in broilers fed with
decreased coliforms count of ileum content different levels of S. platensis or prebiotic

Table 4. Effects of Spirulinag platensis on carcass characteristics of broilers.

Spirulina platensis (g/kg diet)

Control 1 1.5 2 prcbiotic SEM  Pr>F
42 day
Carcass (%) 62.02¢ 65.93" 65.81" 05, 88" 64117 .34 0.04
Breast (%) 2497 2491 249 2491 24.94 0016  0.67
Drumstick + Thigh (%) 15.84 15.71 15.78 15,78 15.80 0.023  0.63
Abdominal fat (%) .32 1.30 .29 .28 |.28 0.006 024

Mcans within (he samc row with uncommion supcerseript diller signilicantly (P < 0.03).

Table 5. Effects of Spirulina platensis on pgut characteristics of broilers at 42 day.

Spirulina platensis (g/kg diet)

Control 1 15 2 prebiotic  SEM Pr>F
42 day old
Duodenum
Morphology (um)
Villus height 1857.61° 1867.5*  1995.75* 2007.5* 1861.5" 17.93 0.0006
Crypt depth 199.37*  185.52% ]78.5¢ 178.25¢  191.6® 2.23 0.0025
Villus: erypt 0.34¢ 10,07 11.186° 11,286 973 0.18 =<0.0001
Jejunum Morphology
(um)
Villus height 1748.35¢ 1833.25 1838.5"  1927.5* 1767.03¢ 1554 0.0001
Crypt depth 194.45*  181.5° 173.00° 170759 187.25" 1.95 <0.0001
Villus: crypt 9.094 10.10¢ 10.63° 11.294*  9.34¢ 0.17 <0.0001
TIleum  Morphology
(um)
Villus height 851.93°  1087.97* 1081.05" 931.49* 104341 2.078 0.0086
Crypt depth 121.67 147.94 157.26 13460 14204 0.875 0.0769
Villus: erypt 7.124 7.362 6.894 7.087 7.432 0.199 09117

Mecans within the same row with uncommon superscript differ significantly (P < 0.05).

192



Journal of Phycological Research, Vol. 2, No. 2, Sep 2018

(P<0.05).

Hematological parameters

The effects of dietary supplementation of S.
platensis on hematological parameters of broil-
er chicken are shown in Table 7. Adding dif-
ferent levels of Spirulina or prebiotic to broil-
ers diet increased hematocrit and phosphorus
levels in blood (P<0.05), but it decreased the
levels of MDA, cholesterol and triglyceride in
blood of broilers (P<0.05). The concentration

of calcium, white blood cell number and IgY

titer increased in broilers fed with 1.5 and 2g/
kg Spirulina diet or prebiotic (P<0.05). Broil-
ers consumed 2g/kg Spirulina diet or prebiot-
ic had higher levels of blood total protein and
IgM titer (P<0.05).

Discussion
Growth performance

Today there is increasing interest for using
natural feed additives such as non-digestible

ingredients which are known as prebiotic or

Table 6. Effccts of Spirulina platensis on ilcal microbial population (log CFU/g of digesta) of broilers at
42 day

Spiruling platensis (gikg dict)

Control 1 1.5 2 prebiotic SEM Pr>F
Coliforms 7.94¢ T2 7.11° 6.03° 7.27° 0.12  <0.0001
Lactobacillus subtilis SuHF 6.67" 6.58" 7.58 6.87" 0.13  <0.0001

Means within the same row with uncommon superscript differ significantly (P < 0.05).

Table 7. Effects of Spirulina platensis on hematological parameters in broiler chickens.

Spirulina platensis (g/kg diet)
Control 1 15 2

prebiotic  SEM Pr=F

Hcmatology, 42 day old

WRBC (10°/ml) 153114 154.22¢  156.18" 159.18° 153.1¢ 0.52 <0.0001
RBC (10°ml) 2.17 230 2.35 2.34 232 0.02 0.23
Hematocrit (%) 29.2¢ 30.37 33.41° 35.42¢ 30.22¢ 0.53 <0.0001
MDA (umv/L) 1.72% 0.915° 0.895¢ 0.892° 1.14° 0.07 <0.0001
Total protein 36.69° 3775 4156 39.47° 37.5™ 0.48 0.0011
Cholestcrol 184% 127.25>  119.5" 120.37° 126.5" 5.81 <0.0001
TG 46.65°  38.00° 26.78° 26,04¢ T 1.8 <0.0001
Glucose 16672  168.78 165.29 166.00 167.02 0.78 0.74
Calcium 2.64° 2.95" 3.05° 3.107* 2.60° 0.05 <0.0001
Phosphorus 2.64 2.82° 3 3.02¢ 2.71¢ 0.04 <(.0001
IgY 0.195¢  0.230° 0.245% 0.225% 0.207¢ 0.006 0.0001
IeM 0.545%  0.552" 0.585" 0. 6 0.517¢ 0.007 <0.0001

Mcans within the same row with uncommon superscript differ significantly (P < 0.05).
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phytobiotics as growth promoters. Indeed, us-
ing antibiotics as growth promoters had been
banned in 1999 by the European Union (Euro-
pean Commission) because of their detrimen-
tal effects such as microbial resistance to anti-
biotics, residues in chicken meat which might
be harmful to human health and expansion of
pathogenic microorganisms (Kaoud, 2015).
In the present study, supplemental algae im-
proved feed intake, body weight gain and feed
conversion ratio of broilers. This is in contrast
with the findings of Gognet et al. (2001) and
Toyomizu et al. (2001). They did not find any
significant effect of adding dietary Spirulina in
the performance of broilers. However, Shan-
mugapriya et al. (2015) reported improvement
of body weight gain and feed conversion ratio
in broilers consumed Spirulina algae. Also,
Mariey et al. (2014) reported that a low dietary
level of Spirulina biomass (0.02 or 0.03%) im-
proved performance of broiler chickens.
Carcass characteristics

Present experiment showed that Spirulina
supplementation improved the carcass yield
of broiler chickens. Raach-Moujahed et al.
(2011) reported that Spirulina improved the
carcass yield of Arbor Acres broiler at a rate
of 2.5% of incorporation. Bellof and Alarcon
(2013) reported that in organic farming, add-
ing dietary Spirulina improved carcass perfor-
mance parameters of broilers significantly.
Gut morphology

The critical role of villi height in the absorp-
tion of intestinal nutrients has been reported
by Mekbungwan et al. (2002). Furbeyre et
al. (2017) reported that Spirulina increased

villus height of jejunum in weaned piglet.
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Also, Shanmugapriya et al. (2015) reported
increased body weight gain and villus length
in addition to fatty acid modification in broil-
er meat (Shanmugapriya et al., 2015). Present
study revealed that dietary supplementation
of Spirulina increased villus height in all seg-
ments of small intestine (duodenum, jejunum,
ileum), which can increase nutrient uptake
and cause higher digestibility of nutrients. So
higher body weight gain in broilers consumed
Spirulina may due to its positive effect on gut
morphology.

1leal microflora

Present study showed that Spirulina algae had
positive effect on ileal micro flora. Previous
researchers found that feeding dietary Spiruli-
na may increase the Lactobacillus population
and enhance the absorbance of dietary vita-
mins (Mariey et al., 2014).

Spirulina is one of the most important micro
algae showing antimicrobial activity against
many pathogenic bacteria and fungi (Kumar
et al.,, 2013) and it contains active ingredi-
ents such as tocopherols, C-phycocyanin,
and extracellular polysaccharide (Pradhan et
al., 2012; Ciftci et al., 2005) which have an-
timicrobial activities against Escherichia coli,
Pseudomona sp., Enterobacter sp., Salmonel-
la typhi, Klebsiella pneumoniae and Proteus
vulgaris (Pradhan et al., 2012). Staphylococ-
cus aureus, Staphylococcus epidermis and
Aeromonas liquefaciens (Shanmugapriya et
al., 2015).

Hematological Parameters

This study showed that supplementing Spiru-
lina n broiler diet increased RBC and hema-
tocrit of birds. Zhang et al. (2001) found that
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the polysaccharides of Spirulina increased the
level of red blood cells, white blood cells, and
hemoglobin in the blood, and also increased
nucleated cells in bone marrow of dogs. They
reported that Polysaccharide extract of S. plat-
ensis has chemo-protective and radio-protec-
tive capability, and may be a potential adjunct
to cancer therapy (Zhang et al., 2001). It is
reported that using phycocyanin after oxalate
treatment significantly increased catalase and
glucose-6-phosphate dehydrogenase activity
(p<0.001) in RBC lysate suggesting phyco-
cyanin as a free radical quencher (Farooq et
al., 2006). So, the reduction in MDA con-
centration in this trial may due to free radical
quenchering effect of Spirulina. Huang et al.
(2005) reported that Spirulina polysaccharides
decreased blood glucose and could protect the
vascular of alloxan induced diabetic rats. This
is in contrast with the findings of the present
study as we don’t see any different in blood
glucose concentration. A reduction in serum
cholesterol and increasing in IgG observed in
the current study is in agreement with Zeweil
et al. (2016). The antioxidant materials such
as phycocyanin and phenolic compounds, and
poly-unsaturated fatty acids in the microalgae
Spirulina may be the cause of the properties of
Spirulina on the decrease of serum lipids lev-
els (Colla et al., 2008). Nagaoka et al. (2005)
reported that S. platensis concentrates or phy-
cocyanin, a pigment extracted of Spirulina,
caused hypocholesterolemic activity in rats.

In conclusion, Spirulina improved growth
performance, intestinal villus height, ileum
Lactobacillus count, carcass yield and hu-

moral immunity of broiler chickens. We rec-
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ommend the addition of 2g Spirulina/Kg diet
to improve performance and EPEF of broiler
chickens. It seems that further study is needed
to clarify the exact effect of Spirulina on phys-

iological mechanisms in broilers body.

Acknowledgments

The authors are grateful to academic center
for education, culture and research, Mazanda-
ran branch, for approving and providing the

facilities and financial support of the project.

References:

Anbarasan V, Kumar VK, Kumar PS and Ven-
katachalam T. (2011). In vitro evaluation
of antioxidant activity of blue green algae
spirulina platensis. International Journal of
Pharmaceutical Sciences and Research. 2
(10): 2616-2618.

AOAC. (1990). Official method of analysis.
15"Ed. Association of Official Analytical
Chemists, Washington, DC, USA.

Bellof G and Alarcon SC. (2013). Effect of Spi-
rulina platensis in organic broiler production
Archive Fur Geflugelkunde. 77: 73-80.

Bonos E, Kasapidou E, Kargopoulos A, Karam-
pampas A, Christaki E, Florou-Paneri P, Ni-
kolakakis I. (2016). Spirulina as a function-
al ingredient in broiler chicken diets. South
African Journal of Animal Science. 46 (1):
94-102.

Ciftci M, Giiler T, Dalkili¢ B, Ertas ON. (2005).
The effect of anise oil (Pimpinella anisum
L.) on broiler performance. International
Journal of Poultry Science. 4 (11): 851-855.

Colla LM, Muccillo-Baisch AL, Costa JA.
(2008). Spirulina platensis effects on the



Journal of Phycological Research, Vol. 2, No. 2, Sep 2018

levels of total cholesterol, HDL and triacyl-
glycerols in rabbits fed with a hypercholes-
terolemic diet. Brazilian Archives of Biology
and Technology. 51 (2): 405-411.

Farooq SM, Ebrahim AS, Subramhanya KH,
Sakthivel R, Rajesh NG, Varalakshmi P.
(2006). Oxalate mediated nephronal impair-
ment and its inhibition by c-phycocyanin: A
study on urolithic rats. Molecular and Cellu-
lar Biochemistry. 284 (1-2): 95-101.

Ferrira-Hermosillo A, Torres-Duran PV, Sha-
mosh-Halabe S, Juarez-Oropeza MA. (2011).
Biological effects of Spirulina and current
research on its antioxidant activity. Revista
Internacional de Cienciay. 2 (1): 1-13.

Fotea L, Costachescu E, Hoha G, Leonte D.
(2010). The effect of oregano essential oil
(Origanum vulgare L.) on broiler perfor-
mance. Lucrari Stiintifice. 53: 491-494.

Friedewald WT, Levy RI, Fredrickson DS.
(1972). Estimation of the concentration of
LDL cholesterol in plasma, without use
of the preparative ultracentrifuge. Clinical
Chemistry. 18: 499-504.

Furbeyre H, van Milgen J, Mener T, Gloaguen
M, Labussiere E. (2017). Effects of dietary
supplementation with freshwater microalgae
on growth performance, nutrient digestibility
and gut health in weaned piglets. Animal. 11
(2): 183-192.

Gognet GP, Niess E, Rodehutscord M, Pfeffer E.
(2001). Algae-meal from lake Chad replac-
ing soybean-meal in broiler diets. Archiv fur
Geflugelkund. 65: 265-268.

Guban J, Korver DR, Allison GE, Tannock GW.
(2006). Relationship of dietary antimicrobi-

al drug administration with broiler perfor-

196

mance, decreased population levels of Lac-
tobacillus salivarius, and reduced bile salt
deconjugation in the ileum of broiler chick-
ens. Poultry Science. 85: 2186-2194.

Hajati H, Hassanabadi A, Waldroup PW.
(2011). Effects of dietary supplementation
with pumpkin oil (Cucurbitapepo) on per-
formance and blood fat of broiler chickens
during finisher period. American Journal of
Animal and Veterinary Sciences. 6 (1): 40-
44.

Huang ZX, Mei XT, Xu DH, Xu SB, Lv JY.
(2005). Protective effects of polysacchride
of Spirulina platensis and Sargassum thun-
beergii on vascular of alloxan induced dia-
betic rats. Zhongguo Zhong Yao Za Zhi. 30
(3): 211-215.

Jain NC. (1993). Essential of veterinary hema-
tology. Lea and Febiger publication. Phila-
delphia. p. 266-277.

Kaoud AH. (2012). Effect of Spirulina platensis
as a dietary supplement on broiler perfor-
mance in comparison with prebiotics. Scien-
tific Journal of Applied Research. 1: 44-48

Kaoud HA. (2015). Effect of Spirulina platensis
as a dietary supplement on broiler perfor-
mance in comparison with prebiotics. Spe-
ciality Journal of Biological Science. 1 (2):
1-6.

Kumar V, Tirumalai PS, Singh A, Bhatnagar
AK, Shrivastavaet JN. (2013). Natural com-
pounds from algae and Spirulina platensis
and its antimicrobial activity. Indo Global
Journal of Pharmaceutical Science. 3 (3):
212-223.

Lokapirnasari WP, Yulianto AB, Legowo D.
(2016). The effect of Spirulina as feed addi-



Journal of Phycological Research, Vol. 2, No. 2, Sep 2018

tive to myocardial necrosis and leukocyte of
chicken with avian influenza (H5N1) Virus
Infection. Procedia Chemistry. 18: 213-217.

Mariey YA, Samak HR, Abou-Khashba HA,
Sayed MAM, Abou-Zeid AE. (2014). Effect
of using Spirulina platensis algae as a feed
additives for poultry diets. Egyptian Poultry
Science Journal. 34: 245-258.

Mekbungwan A, Yamauchi KE, Thongwittaya
N. (2002). Intestinal morphology and enteral
nutrient absorption of pigeon pea seed meal
in piglets. Animal Science Journal. 73: 509-
16.

Nagaoka S, Shimizu K, Kaneko H, Shibayama
F, Morikawa K, Kanamaru Y, Otsuka A, Hi-
rahashi T and Kato T. (2005). A novel pro-
tein C-phycocyanin plays a crucial role in
the hypocholesterolemic action of Spirulina
platensis concentrate in rats. Journal of Nu-
trition. 135: 2425-2430.

Pradhan J, Das BK, Sahu S, Marhual NP, Swain
AK, Mishra BK, Eknath AE. (2012). Tradi-
tional antibacterial activity of freshwater mi-
croalga Spirulina platensis to aquatic patho-
gens. Aqua Research. 43 (9): 1287-1295.

Raach-Moujahed A, Hassani S, Zairi S, Boual-
legue M, Darej C, Haddad B, Damergi C.
(2011). Effect of dehydrated Spirulina plat-
ensis on performance and meat quality of
broilers. Research Opinions in Animal and
Veterinary Sciences. 1 (8): 505-509.

Sallam KI. (2007). Antimicrobial and antioxi-
dant effects of sodium acetate, sodium lac-
tate, and sodium citrate in refrigerated sliced
salmon. Food Control. 18: 566-575.

SAS (Statistical Analysis Systems). (2001). SAS
Users Guide Statistics. Version 8. 2. Ed. SAS

197

institute Inc., Cary, NC, USA.

Shanmugapriya B, Babu SS, Hariharan T, Siv-
aneswaran S, Anusha MB. (2015). Dietary
administration of Spirulina platensis as
probiotics on growth performance and his-
topathology in broiler chicks. International
Journal of Recent Scientific Research. 6:
2650-2653.

Toyomizu M, Sato K, Taroda H, Kato T, Aki-
ba Y. (2001). Effects of dietary Spirulina on
meat colour in muscle of broiler chickens.
British Poultry Science. 42: 197-202.

Zeweil H, Abaza IM, Zahran SM, Ahmed MH,
Aboul Ela HM, Saad AA. (2016). Effect of
Spirulina platensis as dietary supplement on
some biological traits for chickens under heat
stress condition. Asian Journal of Biomedi-
cal and Pharmaceutical Sciences. 6 (56): 08.

Zhang HQ, Lin AP, Sun Y, Deng YM. (2001).
Chemo- and radio-protective effects of poly-
saccharide of Spirulina platensis on hemo-
poietic system of mice and dogs. Acta Phar-

macologica Sinica. 22 (12): 1121-4.



