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This study was done to evaluate the microencapsulated Spirulina powder on 

nutrient digestibility, immune response, and some blood parameters in broiler 

chickens. A total of 160 one-day old Ross 308 broiler chicks (mixed-sex) were 

assigned to a completely randomized design with four treatments, 4 replicates, 

and 10 chicks in each replicate. Experimental treatments included basal diet 

(without additive), basal diet +0.3, 0.6 or 0.9% microencapsulated Spirulina 

powder. Results showed that using all the levels of dietary microencapsulated 

Spirulina powder increased primary antibody titer against sheep red blood cell 

compared to control group. Feeding microencapsulated Spirulina powder at the 

levels of 0.3 or 0.6% increased IgM, IgG, and total antibody titer on d 35. 

Treatments contained microencapsulated Spirulina powder caused lower VLDL 

compared to control group (P<0.05). Adding 0.6 or 0.9% microencapsulated 

Spirulina powder to diet decreased LDL compared to control group. The birds 

fed with treatment contained 0.6% microencapsulated Spirulina powder had 

higher level of red blood cell compared to control group. The results of the 

present study showed that feeding microencapsulated Spirulina powder 

promoted humoral immune system, decreased the levels of VLDL, LDL, and 

increased the percentage of red blood cell in broiler chickens. 
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Extended Abstract 
Introduction:  
Using antibiotic growth promoters as feed additives has been banned by the European Union in 2006 due to cross-
resistance against pathogens and residues in tissues, so poultry nutritionists are searching for organic safe functional 
alternatives to antibiotics. Microalgae such as Spirulina platensis have high nutritional value and may consider as a 
feed ingredient in organic feeding poultry.  
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Goal:  
This study was done to evaluate the microencapsulated Spirulina powder on nutrient digestibility, immune response, 
and some blood parameters in broiler chickens.  

 

Material and methods:  
A total of 160 one-day old Ross 308 broiler chicks (mixed-sex) were assigned to a completely randomized design 
with four treatments, 4 replicates, and 10 chicks in each replicate. Experimental treatments included basal diet 
(without additive), basal diet +0.3, 0.6 or 0.9% microencapsulated Spirulina powder.  
 

Results:  
Results showed that using all the levels of dietary microencapsulated Spirulina powder increased primary antibody 
titer against sheep red blood cell compared to control group. Feeding microencapsulated Spirulina powder at the 
levels of 0.3 or 0.6% increased IgM, IgG, and total antibody titer on d 35. Treatments contained microencapsulated 
Spirulina powder caused lower VLDL compared to control group (P<0.05). Adding 0.6 or 0.9% microencapsulated 
Spirulina powder to diet decreased LDL compared to control group. The birds fed with treatment contained 0.6% 
microencapsulated Spirulina powder had higher level of red blood cell compared to control group.  
 

Conclusion:  
The results of the present study showed that feeding microencapsulated Spirulina powder promoted humoral immune 
system, decreased the levels of VLDL, LDL, and increased the percentage of red blood cell in broiler chickens. 
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e�2 �^h�*� L�� �� !� 
�� .
�2*H /W�n� *R&� t� ��  	�l��2 !� 	2�f��� �� �6

 �
� ��
;�#KJETEC AUTO 1030 Analyzer  	!�
�  �*� .
- L���( �9h � /;�#�� $�� !� :�1 ��*p  *�H

.
- 	2�f��� ��)l6 

 

                                                                                                                                                            
1. Spray dryer 
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 I2��1. �� J�0'� 2 �0���K L�@� $�M"��)N �$ �$�O�4� $��� �"�+P  
Finisher (25–42 d) Grower (11–24 d) Starter (0–10 d)  

   Ingredients (%) 

25/61 06/56 59/50 Corn (7.59 % CP) 

78/31 65/36 52/41 Soybean meal (44% CP)  

11/3 25/3 45/3 Soybean oil 

54/1 66/1 88/1 Dicalcium phosphate  

86/0 93/0 00/1 Limestone  

29/0 29/0 29/0 NaCl 

10/0 10/0 10/0 NaHCO3 

20/0 20/0 23/0 DL -Methionine  

23/0 22/0 25/0 L-Lysine HCl  

13/0 13/0 17/0 L-Threonine  

25/0 25/0 25/0 Vitamin premix1 

25/0 25/0 25/0 Mineral premix2 

Calculated values (%) 

3050 3000 2900 Metabolisable energy (kcal/kg) 

58/18 80/20 25/22 Crude protein  

81/0 87/0 96/0 Calcium  

17/0  17/0 17/0 Sodium 

40/0 43/0 48/0 Available phosphorus  

45/0 47/0 51/0 Dig-Methionine  

06/1 15/1 28/1 Dig-Lysine  

71/0 77/0 86/0 Dig-Threonine  

1 *8 . j5��L��i( 	*�G :*H�;�# *6 �2 /������� L������ :2�� *�! 2���� 	
��#A  (%���� ^���(�)15000 L�� 
h�� L������ ��;;X4�D3 5000 L�� 
h�� L������ ��;;X4�E 80 

�;�� L������ �:*HK 5 �;�� L����( �:*H3 �;�� L��9W���� �:*H10 �;�� L��#�
�*�8 �:*H5 �;�� L������ �:*HB12 02/0 �;�� L���� �:*H70 �;�� 
��*;# L�4�# �:*H

1800 �;�� 
��� S�4�W �:*H2 �;�� L�(��� �:*H4/0 �;�� 
��� S��(���8 �:*H20 �;��.:*H  

2 *8 .L��i( 	*�G :*H�;�# *6 �2 �
�� j5�� )�l�� :2�� *�! 2���� 	
��#100 �;��  �� �:*H65 �;�� j� �:*H5 �;��� �:*H :���;22/0 �;�� 
� �:*H5/0 �;�� � :*H

 V4��#5/0 �;��.:*H  

  

) ����W � ����W 	
- g�'`( $�� ~�� %u�UW :�*# 
��#� VJ;s L���(1979  �*� �����8 �2 .
- :��� (

	!�
� :
- 	2�f��� ^�� ���*W !�  MN� 2��� !� S� *6 TU6 Vq�;��,  *�H  

}[(A/B) × (C/E)]  ×100 {- 100 (
e�2) =D 

D  TU6 V�;��, =)
e�2( 

A) ����1 /�X :�*# 
��#� VJ;s =
e�2(  

B %u�UW /�X :�*# 
��#� VJ;s =)
e�2( 

C) %u�UW /�X  MN� 	2�� VJ;s =
e�2( 

E) ����1 /�X  MN� 	2�� VJ;s =
e�2(  

/G�G ��X�� T���� Y��8 ���*�  �*�  �6��X�( �2 ��-�H  �6 L� �2 O;�P�21  *6 !� 	
*8 �2 ��H!��

 � t�P�� �W2�`( %��e /� ��*5(5/0 ����SRBC
1 �2 	
- ~�,�10  *6  �!� /� ����;, %�f�W *W�� 
e�2

 �2 � ~��)( 	
*8 ��� �*6��� /� �	
! �!� :*H�;�#28  �35  ��*, ~��)( ^X< V'( /# ��H
*8 !� �H!��

                                                                                                                                                            
1. Sheep Red Blood Cell 
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 ��)�� �
��W*H2 ��W*H ��1 ����� �����*��(  �*� � /� 2�� /�;<  
�4�(  �6SRBC 
- ����� 	�l"���!� /� 

)Bartlett and Smith, 2003 .( L� �242  ��X<� !� 
�� ��H!��4  /�R, �2 �"���!� 
h�� *6 !� �l��*H V<��

��1 � t�P�� �W2�`( %��e /� 	
*8 Y� 	�*X6 �6 /�X jF� .
- :��� ��� �*6��� !�  *�H /� a���*�

/�X .

- 	2�2 ��&�� 	�l"���!� V<*� �� ��1  �63000  %
� /� � /&�,2 �2 ��215  	�l��2 �2 /&�,2

/����*W � /�W*H ��*, :*�  !���
G  �*� 3��f�*��� *( ���*��;#  �6�F�4 � )#�;H �
�*��;H �4�lp �� L��(�*8

u�� )HDLV�# !� 	2�f��� �� () �6�l"���!�  �6/� � (��*k( ����!� \��8 V#*-   *����W�*�5F�� 	�l��2 /;���

	!�
�
-  *�H .T# �4�lp �� L��(�*8�F�4 VJ;s )LDL( T# ����� �4�lp �� L��(�*8�F�4 � )VLDL 	2�f��� �� )� (

���*W !�) 
- /���'� 2�G��  �6Friedwald et al., 1972.(  

LDL= TC-HDL-VLDL 
���� =

��

�
  

 $��X-���;H) )�*,  �6RBC���;H � (
�f�  �6 )WBC 
- :��� *�������X6 :u !� 	2�f��� �� (

)Campbell, 1995.(  

	2�2 /�;# K���!�  �6  ��W  �6 .
- V�I ^�#� :*W �2 � /���� �2:* !� 	2�f��� �� 	
�� V�
� +��� ��)W�

)SAS, 2001 !� 	2�f��� �� � (�R1 �
� /���) ���X< �GLM /���&� .
��W*H ��*,  ���� ^�;'( � /�)�( 2��� (

L�l��� L5�2 ���!� !� 	2�f��� �� �6 )Duncan,1955( ���� gR� �2��2  05/0 .
- :���  a9��# Q*� �
�

:2�� *�! %��e /� �W2�`(   
Yij = µ + Ti+ eij  

Xij 	
6�"� *6 $!�� = 

µ = %�
6�"� L�l��� 

Ti =��X�( *I�  

eij �"���!�  �R1 = 

  

3 .� >���5 ?@'  

	2�f��� 2���  ���4�*�F�� S�;G  ��h ~�&'( L�� �2 45/64  �:�1 L��(�*8 
e�241/4  �:�1 ��*p 
e�235/12  
e�2

 � *��#�16/3  V���� 
e�2.2�� Dewi et al. )2016  ��h ���4�*�F�� S�;G �2�8 /# 
2�X $��)H (16/59  
e�2

L��(�*8  � :�14/1 �2 �V�� :�1 ��*p 
e�2�4�h   /#Madkour et al. )2012 �� ���4�*�F�� S�;G :�1 L��(�*8 ��
&� �(

10/52 ) �����- z��( ���4�*�F�� ����X�- b�#*( )�4�� +��� .
2*# ���� 
e�22014 :�1 L��(�*8 �(84/62  ��*p �
e�2

 :�193/6  *��#�1 �
e�274/4 �" �� 
e�2/� +��� �2 %��f( .2�2 � V�2 �� �� 	
��V"# z�'� r��( /� ���(  �6

	2��� � �2*# S"1 $�� �V"# z��*- ����4�*�F�� S�;G)�� $��*8  �*� 	2�f��� 2��� $�� L��vX6 �  !��

�*�F�� S�;G *��`( .2��2 �� ���Ms $!��  MN� 2�q�� %���#*(  �� T�&��� *�Ii( /# 2�2 V�� ��  ��
kl  ���4

 ^5- �2 ��*�54� ��5��*5�� �� 	
- ��-�8)��1   ���4�*�F�� S�;G Sp�# *R, L�l��� .V�� 	
- 	2�2 ��"

 	
- ��-�8)��4/67 .2�� ��*5�� 
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   S�1.  �!2'��� T�42'�� �* ��� ��3�.� '"�U� 

  

 ��
G �2 	
- 	2��� +��� /� /G�( ��2 S�;G O;�P� Q�R� !� 	2�f��� ����4�*�F�� ���� *�Ii( TU6 V�;��, *�  ��2

/G�G �2 :�1 ��*p � :�1 L��(�*8 �S"1 	2��/�W�� �� /# V-�
 ��-�H  �6  �6Park et al. )2018(  �Evans et al. 

)2015(  2��� TU6 Vq�;��, 2��k� b�� ���4�*�F�� S�;G !� 	2�f��� /# 
2*# $��)H L�&�&'� L�� .2��2 %*��N�

/G�G �2  MN��� ��-�H  �6 �*l�2 /�4�R� S� �2 .2�-Park et al. )2018 Q�R� !� (25/0 �5/0 �75/0  �1 

/G�G 	*�G �2 ���4�*�F�� S�;G 
e�2
2*# ���� � 	2�f��� ��-�H  �6 TU6 V�;��, /#  /� �3�*�� � S"1 	2��

/G�G �2 �R1 %��e S�;G �� 	
- /�MN( ��-�H  �6���4�*�F��  �2 .VW�� K��)W� � *l�2 /�4�R�Evans et al. 

)2015/G�G �2 /# 
2�X $��)H () ���G ��-�H  �621  /�MN( :�l�6 /� (	!��6 �11 �16  �21  S�;G 
e�2

����4�*�F��  V�� L�)�4 � L���4 �L����� �L�u� �L���9H �L�4�*8 �
��� S���(�;H  *6�y ����;�� TU6 V�;��,

.2�� *�"�� 
6�- 	�*H /�  

  
 I2��2. ��D�� '5��."��)N 
�3  '*(�W�$) �'�� �*'� 2 ��Y�2', C<.K �$�� AB3 %�/*�@  

Fat Protein Dry matter Treatments 
76/68  41/65  62/64  Control (no additive) 

32/67  84/65  54/64  Capsulated Spirulina Platensis (0.3%) 

18/63  65/63  12/65  Capsulated Spirulina Platensis (0.6%) 

35/67  12/67  03/66  Capsulated Spirulina Platensis (0.9%) 
153/2  122/2  739/1  SEM 
087/0  530/0  722/0  p-Value 

a-c :L�l����62�G��    *6 �2���� �X �*�"� o*h  ���2 /#
�-��� ���� o9�1�  ���2) 
���6 ��205/0 p< .(  

  

3 .1 . .�0�! 1��� �' .A��
BC 3�%6�0	� ��!  

+��� ^e�h !� *�Ii( ��X�(�"���!�  �6 *�  L� �2 ��X�� Y��828  �H!���2  ��
G3 /w��� 	
- V��.  +��� /� /G�( ��

 	
�� V�
��2  L��/G�G 	*�G �2 /4��F#  ���4�*�F�� S�;G �2�8 O;�P� Q�R� !� 	2�f��� �~�&'( b�� ��-�H  �6

��� /�4�� ���< K��)W�) 
- 
6�- 	�*H /� V��  
�f��H )�*, ���;H /�;< ^#  2��05/0<p(.  $��*8 �2 2��k� �����
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 ��X�� !�  *�H�;G  �*� ��X��  �H2�4� ���������#�� �2 �6�(�# *�J ��H��H ^���< .V�� Tk� ����� ��f<  �6

 ��X�� z��( ��� !� V��2� 	2�f��� � ��X�� 	
�6�#  �6S�(��� �� �6  2�- ��X�� K6�#  �&4� b�� 
��(

)Hashemipour et al., 2013�*'� !� 	2�f��� .(  T����  �6 K6�# � ��X�� 2��k�  �6��# 	�� !� �5� ��X��

 ��X�� /� V�� V���q�h  L������ V�4��W �
���6 �6
�w��9W !� ��s /# ��6��H .V�� ��f<  �6C  K��)W� ��

�� ��� 
��X6 �
�62��
��#� �� ^X< �6 ��X�� V��n� *� V��� *I� � 
��# ) 
��2Acamovic et al., 2005 ���;H .(

)�*, ��� S� 
�f��H��;� /� /����� �3  �6T ��;�  ��5X6 ��
� /� �� �
- 2��� :�l�6 /# ���� L�
� .V��  �6

T ��q�W VkG���;�  !��  �6B ��� 
�4�( /��� �2 � .V��  ��*n  2��IgG Tk� � L�4�� ��� L�*( /# V��  2��

�� 
�4�( /G�G ��1 $2*H 	�l��2 �2 �2 ~�*� !� � 2�-��� �2�X ���1 ^�k�( ���X;FX# T���� �2*# ���W ��3

��� !�����H�W /� SX# � �;��� VJW�'� 3�W�*#�� z��( �3) 
�#Nysather et al., 1976.( ) /�4�R� S� �2Mao 

et al., 2000(  
�4�( �2��( !� V��Xh  �*� ��1 �2 �� ���H ��*W*���� gR� ���4�*�F�� /# 
2�2 $��)HT-helper1 � 

T-helper2 �2 2��k�L��*���� .2� �� *J /�
�� S�;G j���(98 ���4�*�F��� Y��8 2��k� ^����8 /# 2��2 �� ��X��  �6

�� _�1 %����'� V;< /� 
��( �2 2�G���;8 *�J ���� ����4�X�� 
���#��- ��� �L�����5�W- �:���;� �L(���#

 L������ ���*W�#�(C���H 
��� �- 
��� � S��4���4
-�� S��4���4 )Seyidoglu et al., 2017( .T��;# �L��vX6-

�;8 S� L4�*�F���� ���4�*�F�� !� ~�"� /(�f4�� 
���#���� � 2��2 ���*��
n V�4��W /# 
-��Y��8 
��( �� ��X��  �6


62 2��k� )Pugh et al., 2001(.  

  
 I2��3. ��D�� '5��."��)N 
�3 '* #4�, ���� I���D3 ��D"� �4 �$ ����\ 
�328  J�� '*) �\)2�log2(  

Total antibody IgG IgM Treatments 

80/5 c 00/5  80/1  Control (no additive) 

14/7 b 10/5  04/2  Capsulated Spirulina Platensis (0.3%) 

39/7 ab 23/5  16/2  Capsulated Spirulina Platensis (0.6%) 

69/7 a 45/5  24/2  Capsulated Spirulina Platensis (0.9%) 

154/0  093/0  083/0  SEM 

014/0  210/0  244/0  P-Value 

a-c :L�l����62�G��    *6 �2���� �X �*�"� o*h  ���2 /#
�-��� ���� o9�1�  ���2) 
���6 ��205/0 p< .(  

 
��X6 ��
G �2 /# ���4 �� 	
6�"� gR� �2 	
- ��-�8)�� ���4�*�F�� S�;G �2�8 �� /�MN( �2�-3/0  ��6/0  
e�2

 Y��8 K��)W� b�� �	*�G ��X����� ���<  2��IgM �IgG ��� �� �2 :�(  2�� L42/G�G �H!��  .
- ��-�H  �6

/G�G �2 	
- $��)H 	2�f��� ���-�H  �6Y��8 �1*� �	*�G �2 ���4�*�F�� S�;G !��X��  �6 S�����H�W V�W*y *�J �

��� 
�4�( ���;� /�;<  2���� V��&( ��  
�f��H ��1 )�*,  �6) 
�#Al-Batshan et al., 2001 /# V�� gn�� .(

 
�4�( �$�� � ���� �2IgG L�#�4*���� /;��� /�-4 �� S�*'( ���H ��*W*���� ���4�h �2 �2�-  
�4�( �/#IgA  /;��� /�

L�#�4*����-5 �� S�*'() 2�-Male et al., 2006 *I� � L�4���;H��X�� 
�4�( ��# � !�� 2��� �2 �� K�2 /p*H� .(

L�#���� ^��&����*W*���� � L�#�4*���� *�J �6 5 #�� �2 �V�� �W�# ���Male et al. )2006 /# 
2�X $��)H (

 L�#���� S� 
�4�( *� ���4�*�F�� S�;G V�;��, K��)W� b�� /# 2��2 *�Ii( _�1 
�4�(IgG �� L��vX6 .2�-

Katayama et al. )2016�2*# ^X5� ( 1/0  
e�2 j���(98 ���4�*�F�� �2 S�X���� ��X�� Y��8 K��)W�  �*� ��

/G�G .
2*# /�e�( ��-�H  �6�� ���4�*�F�� /# V�� 	2�2 ��" 2
��� %��4�R� +��� K��)W� bG�� 
��(  2*5;X<

 �2 .2�- ��H
*8 ��X�� T���� /�4�R� S�Quereshi et al. )1996
2*# $��)H ( /G�G �2 /#  /�MN( ��-�H  �6
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 �63�W�*#�� �����H�W V�4��W � L���(�;H�X6���W V���f�4 
�4�( K��)W� ����4�*�F�� 
e�2 S�  ��h ���Ms 	*�G �� 	
-

.
- 	
6�"� 
6�- 	�*H �� /���&� �2 ��&&'� ) ���4�*�F��  ��h 	*�G /# 
��W���25 �� (����1 
e�2  �f�� *I� 
��(

:�
� �!� *� �� L��#�(9W� /G�G �
� �!� � ��X��  �6 ��-�H  �6) 
62 K6�#Raju et al., 2005 .(  

�� 	
- :��� %�&�&'( \��� *�  ���Ms $!�� � /�
l� K��)W� ��J�� /� ���4�*�F�� S�;G !� ���( � V-�H

TP(  �2 .2�X 	2�f��� ���� ��X�� T���� V��&( L��vX6 � �*� �K6�78 S�Hajati & Zaghari )2019(  $��)H

 Q�R� 
2�X1 �3  ��5 Y��8 V��&( b�� ����1 :*H�;�# *6  �!� /� ���4�*�F�� :*H L�p�
;� ����X6 ��X�� TP(  �6

  /�4�R� �2 .
- ��MH � *l�2Katayama et al. )2016(  ���< /# 
2*# ����IgG /G�G �2 �� 	
- /�MN( ��-�H  �6

j���(98 ���4�*�F�� �� .2�� *(u�� /# 
2*# Q*R� �6j���(98 ���4�*�F��  gR� /# �e�1 L�#����� 
�4�( *�IgG  ��

�� K��)W�/� .2��2 *�Ii( �
62 �	�9<j���(98 ���4�*�F�� ��L�#����� 
�4�( 
��(��( �6��;� z �� �R�'� ��1  �6

 
�# T�J�()Beutler, 2004(*� . �2 2�G��  MN� 2��� �1 j���(98 ���4�*�F�� *�J�;8�F�4�6
���#�� )Tornabene 

et al., 1985(L������ � ��*n t*p  �6
��� � �
�� 2��� ��6 )Belay et al., 1994( ����( � ���W �� �63�W�*#�� 
�

 ��X�� /��� �2T6 .
��# V��&( �� ����X6) ����5X6 � �(�G�h �L��p2021TP( ^1�2 /�MN( /# 
2�X $��)H ( �s*�

j���(98 ���4�*�F�� /G�G *� V��� *�Ii(��� V��n� � ����2�3 ���� � ��
��#� /G�G ��X�� T���� �� z�(*�  �6

.V�� /�-�2 ��8�3 L�p�
;� 
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