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Introduction: Due to genetic selection, today's strains exhibit higher metabolic activity, resulting in
increased heat production and reduced heat resistance. This can negatively impact their immune system and
production performance (Havenstein et al. 1994).Thaxton et al. (1968) showed that high ambient temperature
can have a negative effect on the immune responses of broiler chickens. In recent years, in order to improve the
health of chicken meat consumers, the production of broiler chickens without the use of antibiotics has been
proposed, and the ban on the use of antibiotics has been issued by the European Union in 1999 (Youssef et al.,
2016). For this reason, today there is a tendency to use alternative sources. Algae and microalgae are of the
natural substances whose beneficial effects have received much attention in recent years. Spirulina platensis (SP)
is a filamentous blue-green microalgae (cyanobacteria) generally regarded as prebiotic and source of high quality
protein, minerals, essential fatty acids, essential amino acids, pigments and phenolic acids. Many studies have
shown that Spirulina has antioxidant, immunomodulatory, anti-inflammatory, antiviral, and antimicrobial
activity in various experimental animals (Hajati and Zaghari 2019).

Materials and Methods: A total of 360 one-day old male broiler chickens (Ross 308 strain) were allocated
to 6 treatments, 6 replicates and 10 birds each replicate in a completely randomized design. The experimental
treatments included different levels of Spirulina platensis microalgae powder: 0 (Control), 0.25, 0.50, 0.75, and
1.0 percent Spirulina platensis powder, and one treatment included Vitamin E at the level of 150 g/ton feed. The
basal diet was based on cornOsoybean meal and all the diets were isocaloric and isonitrogenous and used for 42
days in diets. During the experiment, the feed consumption and weight gain of the chickens were measured
weekly and the feed conversion ratio was calculated for each week and period.

On 42 d of experiment, 2 birds from each replicate were randomly selected, humoral immune response was
evaluated and then killed after weighing, carcass components and internal organs were weighed and their weight
was calculated as a percentage of live weight. In order to evaluate the humoral immune system, the antibody titer
produced against SRBC was measured using the hemagglutination method. In the end of experiment, the
microbial population of the cecum was counted. All the data were analyzed in the form of a completely random
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design by SAS software and with the GLM procedure, and the comparison of means was done with Tukey's test.

Results and Discussion: Results showed that the use of different levels of SP had no significant effect on the
amount of feed intake during the whole period (P<0.05), but in finisher period, using %1 SP could improve body
weight gain and feed efficiency of the broilers compared to control group (P<0.05). Breast yield of the chickens
was affected by the level of dietary Spirulina, and it improved at the levels of 0.5, 0.75, and 1.0 percent SP usage
compared to control and vitamin E groups (P<0.01). The relative weight of abdominal fat decreased in the birds
fed with SP at the levels of 0.75 and 1.0 percent compared to control group (P<0.01). There was no difference
among total count, ceca Lactobacillus and E. Coli in the chickens of different experimental groups (P>0.05). The
response of humoral immune system was higher in all four levels of SP and also vitamin E compared to control
treatment. Chickens which consumed Spirulina at the level of 1 percent had the highest level of antibody titer.
Mustafa et al. (2021) by achieving a growth performance similar to the present research, stated that the effect of
SP on the intestinal microbial population, such as the increase of Lactobacillus and the decrease of Escherichia
coli, has improved the performance of the birds under heat stress conditions. According to the reports on the
effects of heat stress on digestive enzymes (Sahin et al., 2002) and the efforts of previous researchers to
overcome the adverse effects of heat stress on digestive enzymes by using phytogenic compounds (Khosravinia
et al., 2016), the researchers of the present study believe that the improvement of the mucous tissue and
intestinal immune system and perhaps the increase in the secretion of digestive enzymes are the most important
factors for improving the performance of birds in heat stress conditions.

Conclusion: Under heat stress condition, using 1 percent Spirulina platensis microalgae in broiler chickens’
diet could improve both humoral immune system and growth performance.
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Table 1- Ingredients and chemical composition of diets in starter period (0-10 days)
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Feed ingredients Control diet
<) il
Corn grain
Ly b 53.00 53.05 53.11 53.16 53.21
Soybean meal
e 39.26 38.93 38.57 38.32 38.00
Spirulina
baw i 0 0.25 0.50 0.75 1
29 OF9)
Soybean oil
i oplS o 2.82 2.84 2.86 2.88 2.90
DCP
L 2.01 2.02 2.05 2.02 2.05
Oyster shell
Al K 1.27 1.27 1.27 1.27 1.27
Common salt
. 0.32 0.32 0.32 0.32 0.32
ot SlyyS
NaHCOs
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ossse=Jls>
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Q)90 i =l ' ' ' ' '
L-lysine HCL
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osgy —J
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' saaling uSeois ' ' ' ' '
Vitamin premix: 0.25 0.25 0.25 0.25 0.25
' (e puSols : : : : .
Mineral premix!
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Coccidiostate
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Sz
Total 100 100 100 100 100
Calculated chemical composition (%)
(p)55S 16 Y okS) pidgilie LB (5551
AME (kcal/kg)
_ 2950 2950 2950 2950 2950
(2253) pB (50
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(20 )3) S’ ' ' ' ' '
Calcium (%)
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(223) o3 i yiund
i 0,
Available phosphorus (%), 05 05 05 05 0.5

(42,3) 2



VAY ... (Arthrospira platensis) et Loy ! Sols 3 5 cilises Folaw 13 (ol Ko g oolis

Table 1 Continue

) Jgua aold!

Na (%)

. 0.17 0.17 0.17 0.17 0.17
(32)9) oeigte
Methionine (%)
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L S
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(32)9) Oy
Threonine (%)
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(32)9) lbgi
Tryptophan (%)
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Dietary anion cation balance 243 243 243 243 243

(meq/kg)
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'Provided vitamins and minerals premix per kilogram of diet: vitamin A: 10000 IU; vitamin D,:2500 I1U; vitamin E: 10 1U; vitamin
B1: 2.2 mg; vitamin B,: 4 mg; vitamin Bs; 8 mg; vitamin B2:4 mg; vitamin B3: 8 mg; vitamin B6: 2mg; vitamin B9: 0.56 mg;

vitamin B12: 0.015 mg; vitamin H2: 0.15 mg; cholin chloride: 200 mg; Fe: 50 mg; Zn-sulfate: 60 mg; Mn-sulfate: 160 mg; lodine: 1
mg; Cu-sulfate: 5 mg; Selenium: 0.1 mg.

(5590 YOIY) 8y 0)93 )3 0y oloondd S g MBI =Y Jgu>
Table 2- Ingredients and chemical composition of diets in grower period (11-25 days)

(%) 1oy
"5"’% Pl . aal o 0.25% Spirulina 0.5 % Spirulina  0.75% Spirulina 1% Spirulina
Feed ingredients Control diet
s Al
Corn grain
Ly b 56.50 56.56 56.61 56.66 56.72
Soybean meal
e 35.42 35.10 33.77 34.45 34.13
Spirulina
L . 0 0.25 0.50 0.75 1
29 OS9)
Soybean oil )
i oS o 3.61 3.6 3.64 3.66 3.68
DCP
L 1.92 1.92 1.93 1.93 1.93
Oyster shell 1.22 1.22 1.22 1.22 1.22
plb o3 ’ ) ) ) :
Common salt
o 0.32 0.32 0.32 0.32 0.32
s SlyyS
NaHCOs
. 0.1 0.1 0.1 0.1 0.1
ossse=Jls
DL-methionine 0.24 0.24 0.24 0.24 0.24
Lyl gam sl =l ' ' ' ' '
L-lysine HCL
- 0.14 0.14 0.15 0.15 0.14
osgy =)
L-threonine
0.03 0.03 0.02 0.02 0.01

" elizg Sncs
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Table 2 Continue Y Joss dold!
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25
"o S ' ' ' ' '
Mineral premix!
il S 0.25 0.25 0.25 0.25 0.25
Coccidiostate

0.05 0.05 0.05 0.05 0.05
I e
Total 100 100 100 100 100
Calculated chemical composition (%)
(PSS s JB4kS) pad o L5 (551

AME (kcal/kg)

o 3050 3050 3050 3050 3050
(32)9) P15 (190
Crude protein (%) 20.50 20.50 20.50 20.50 20.50
(423 oS’ ' ' ' ' '
Calcium (%) 1 1 1 1 1
(123) (o 3 BB yind

i 0,

Available phosphorus (%) 05 05 05 05 05
(229) s
Na (%)

L 0.17 0.17 0.17 0.17 0.17
(32)9) oeigte
Methionine (%)

. - 0.6 0.6 0.6 0.6 0.6
(209) Ot Gigete
Methionine+cysteine(%)

0.95 0.95 0.95 0.95 0.95

(225) 23
Lysine (%)

e 1.24 1.24 1.24 1.24 1.24
(30)3) O
Threonine (%)

- 0.83 0.83 0.83 0.83 0.83
(2253) gz 5
Tryptophan (%)
(4,5 51T ol 51 o) o S el e 0.30 0.30 0.30 0.30 0.30
Dietary anion cation balance 296 296 296 296 226

(meqg/kg)
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!Provided vitamins and minerals premix per kilogram of diet: vitamin A: 10000 IU; vitamin D,:2500 IU; vitamin E: 10
IU; vitamin By: 2.2 mg; vitamin B,: 4 mg; vitamin Bs; 8 mg; vitamin B2:4 mg; vitamin B3: 8 mg; vitamin B6: 2mg;
vitamin B9: 0.56 mg; vitamin B12: 0.015 mg; vitamin H2: 0.15 mg; cholin chloride: 200 mg; Fe: 50 mg; Zn-sulfate: 60
mg; Mn-sulfate: 160 mg; lodine: 1 mg; Cu-sulfate: 5 mg; Selenium: 0.1 mg.

(5390 ¥Y-YF) Gl 0393 13 0302 (o S 5 g p 1 =Y Jou
Table 3- Ingredients and chemical composition of diets in finisher period (26-42 days)

(%) s

Shss e 0.25% Spirulina 0.5 % Spirulina ~ 0.75% Spirulina 1% Spirulina
Feed ingredients Control diet
@y Al
Corn grain
g oS 59.27 59.33 59.39 59.44 59.50
Soybean meal

32.60 32.27 31.95 31.63 31.30

Ly ysl
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Table 3 Continue Y Jgas dold!
Spirulina
L . 0 0.25 0.50 0.75 1
29 OF9)
Soybean oil
iS5 4.17 4.19 4.21 4.23 4.25
DCP
L 1.68 1.69 1.69 1.69 1.69
Oyster shell
ol S 111 111 111 111 111
Common salt
o 0.32 0.32 0.32 0.32 0.32
T
NaHCO3
- 0.1 0.1 0.1 0.1 0.1
ot Jls>
DL-methionine 0.23 0.23 0.22 0.22 0.21
L5908 cp5d =l ' ' ' ' '
L-lysine HCL
- 0 0 0 0 0
osgy =)
L-threonine 0.01 0.01 0 0 0
" eelng eSncs ' '
Vitamin premix: 0.25 0.25 0.25 0.25 0.25
QR 3 ' ' ' ' '
Mineral premix*
il S 0.25 0.25 0.25 0.25 0.25
Coccidiostate
0.05 0.05 0.05 0.05 0.05
8z
Total 100 100 100 100 100
Calculated chemical composition (%)
(P59 /5 I okS) padlio LB (5551

AME (kcal/kg)

A 3110 3110 3110 3110 3110
(30)9) P15 (39
Crude protein (%) 19.8 19.8 19.8 19.8 19.8
(40 )3) S’ ' ' ' ' '
Calcium (%)

O 0.9 0.9 0.9 0.9 0.9
(223) o yws B yiund
i 0,

Available phosphorus (%) 0.45 0.45 0.45 0.45 0.45
(1253) maces
Na (%)

. 0.17 0.17 0.17 0.17 0.17
(0 ) (gste
Methionine (%)

. - 0.53 0.53 0.53 0.53 0.53
(800) umgart igiite

e o

Methionine+Cysteine (%) 0.86 0.86 0.86 0.86 0.86
(32pd) 23
Lysine (%)

- 1.02 1.02 1.02 1.02 1.02
(30)3) g
Threonine (%)

L 0.74 0.74 0.74 0.74 0.74
(2 )) ologip 5
Tryptophan (%)
(oS ST Vo 1) o8 3555 el e 0.27 0.27 0.27 0.27 0.27
Dietary anion cation balance 214 214 214 214 214

(meq/kg)
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Provided vitamins and minerals premix per kilogram of diet: vitamin A: 10000 IU; vitamin D,:2500 IU; vitamin E: 10 1U; vitamin
B1: 2.2 mg; vitamin B,: 4 mg; vitamin Bs; 8 mg; vitamin B2:4 mg; vitamin B3: 8 mg; vitamin B6: 2mg; vitamin B9: 0.56 mg;
vitamin B12: 0.015 mg; vitamin H2: 0.15 mg; cholin chloride: 200 mg; Fe: 50 mg; Zn-sulfate: 60 mg; Mn-sulfate: 160 mg; lodine: 1

mg; Cu-sulfate: 5 mg; Selenium: 0.1 mg.
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Table 4- Effects of different levels of Spirulina platensis on growth performance of broiler chickens under heat stress

(o2 lps5) Shgs b ypae
Feed intake (g/bird)

(1od) Lyl o (Fjey VTV (Sioy VAN (Sie, ¥V-VR (S, ¥V
Spirulina level (%) 1-14 days 15-28 days 29-42 days 1-42 days
(1) al 485.8 1539.1 2100.1 4125.0
Control (0)
0.25 482.0 1505.7 2093.3 4078.0
0.5 4775 1515.9 2099.9 4093.3
0.75 477.0 1507.9 2083.1 4068.0
1 482.6 1534.5 2059.3 4076.4
VitE 486.1 1519.1 2076.8 4082.0
SEM 2.83 16.23 232 26.69
P-value 0.135 0.617 0.143 0.21
(035,0/p5) o s el
Weight gain (g/bird)
(1) ol 3185 0466  10345°  2296.6°
Control (0)
0.25 315.8 954.5 1079.5% 2349.8%
0.5 323.5 956.8 1073.9% 2354.28
0.75 323.8 957.0 1073.7% 235458
1 3313 962.1 1110.82 2404.02
VitE 330.6 947.1 1069.0% 2346.8%
SEM 7.6 8.28 14.7 17.95
P-value 0.494 0.161 0.041 0.045
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he has cops
Feed conversion ratio

(+) wls

1.52 1.62 2.03® 1.792
Control (0)
0.25 1.52 1.58 1.94% 1.74P
0.5 1.48 1.59 1.96% 1.74P
0.75 1.47 1.58 1.94% 1.73°
1 1.46 1.59 1.86° 1.70¢
VitE 1.47 1.60 1.94% 1.74°
SEM 0.021 0.019 0.033 0.009
P-value 0.202 0.548 0.013 0.011

(P<0.05)5,ls ()ls (imo coglis war b (g lol Hlas 51 5,1 bl g a8 (oolael (Slio ¢ ygiw p 3
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).

oS G5 oS (ibgS Sdngr )55 039 (29:5ee Cune 2 iy Ly ] iliin g glaus 3l -0 Jgaa
Table 5- Effects of different levels of Spirulina platensis on cecal microflora of broiler chickens under heat stress

L el s LS Caner (el S S5 51g) popleligiSY (i bl S St a5ly) ST
Spirulina level  Total bacterial count Lactobacillus E. Coli
(%) CFU/ml CFU/mI CFU/mI
(1) ol 7.35 7.24 7.18
Control (0)
0.25 7.29 7.28 7.20
0.5 7.29 7.51 7.20
0.75 7.28 7.38 7.16
1 7.28 7.28 7.13
VitE 7.27 7.30 7.18
SEM 0.029 0.094 0.039
P-value 0.387 0.49 0.770

(P<0.05)5,ls () zo cglis wir b (g lal plas 51 350> aslils gy oS golael Sl ¢ygiam oy
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).

(o % Odg ool ) 2o i o5 (23S sladngs asY Sluogas yr uendiM iy e/ Glien o 36 =1 Jgaa
Table 6- Effects of different levels of Spirulina platensis on carcass characteristics of broiler chickens under heat stress (Based on
relative body weight)

(vo) Ll 48Y o e a8 LISL e
Spirulina level (%) Carcass Thigh Breast Liver Pancreas Abdominal fat
() 2ot 6226 20.78 2403 2.11*  0.256° 1.702
Control (0)

0.25 62.42  21.87 2459® 198® (.235% 1.62%
0.5 63.79 2143 25942  1.84° 0.217° 1.47%
0.75 6366 21.12 2559* 1.75°  0.220° 1.36°
1 6431 2136 26.08® 1.75°  0.205° 1.39°
Vit E 6344 2165 2397° 1.80° 0.252% 1.45%
SEM 0.588 0.289 0.347 0.059 0.009 0.062
P-value 0.137 0.124 0.007 0.011 0.011 0.002

(P<0.05)5,l5 (> (dmo glds win b (g lol o 31 5,1 il g o a8 (colsel (uSilio ¢ ygim y2
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).
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Table 7- Effects of different levels of Spirulina platensis on antibody titer against SRBC of broiler chickens reared under heat stress

p9d S5 jl M
After the second injection

Jol 3p J 2
After the first injection

(323) b ppns] o
Spirulina level (%)

(1) elo 2.83¢ 1.33¢
Control (0)

0.25 3.83" 2500
0.5 3.83" 3.67
0.75 3.67° 4.00°
1 4.50° 3,922
Vit E 3.67° 3.67
SEM 0217 0.405
P-value 0.001 0.008

(P<0.05)5,ls ()l (ixe coglis wir b (g lal Jlas 51 35> aslils gy a5 (lsel (pSSlio ygim p 40
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).
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