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ABSTRACT 

An experiment was performed to investigate the effects of using saturated and unsaturated fatty acids calcium salts on the 
production performance and some physiological traits of finishing lambs fattened under heat stress condition. Thirty-two 
cross bred Lori-Bakhtiari�Romanov lambs were randomly divided into 4 groups. Lambs were fed individually with the 
following experimental diets for 6 weeks (early July to mid-August): 1) Basal diet without supplemental fat (control), 2) 
Basal diet supplemented with 2% (on DM basis) of fish oil calcium salt, 3) Basal diet supplemented with 2% (on DM basis) 
of olive oil calcium salt and 4) Basal diet supplemented with 2% (on DM basis) of saturated fat calcium salt. Daily feed 
intake was recorded and lambs body weight was measured weekly. Rectal temperature and respiration rate were measured 
once per week. Using calcium salts of fish oil, olive oil and saturated fats in the diet significantly increased daily weight gain 
and reduced the lambs feed conversion ratio compared to control group (P≤ 0.05), but had no effect on dry matter intake of 
the Lambs. Regardless of fatty acid origin, supplementing lambs with calcium salts of fatty acids, reduced rectal temperature 
and respiration rate of lambs exposed to heat stress, compared to control group (P≤ 0.01). Also, using calcium salts of Fish 
oil, olive oil and saturated fat had no effect on DM, CP and EE digestibility, however, EE digestibility was higher in lambs 
consumed fat-supplemented diets than the control group. NDF digestibility was significantly higher in the control group 
lambs than the other groups. The results of this study showed that diet supplementation with calcium salts of unsaturated 
fatty acids of fish and olives and saturated fatty acids, improved the production performance of finishing lambs exposed to 
heat stress. No difference was detected between fat supplements with different fatty acid patterns, in this investigation. 
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*C�. �4��I� N�� 72 �= 77 H#��� D� d�8C� �4���; 

�m�U1 �4��I� N�� 78 �= 89 H#��� D� F? ZC#8� 

d�8C� �4���; � �4��I� /h�� 90 �P$�K$ d�8C� 

�4���; F4F
 FA8G  )Wojtas et al., 2013.(  

Y��/�  ��= � ������ 64 Y��� �$��B ��1 *C� 

DE 01�
 ��� - *�#[� (THI) �� �WE�F? ��FI� �#1 

.*C� �� �[ Y��� �@4��BM N�P$��� /��� /�#  

YB�F$� ��;/ YF
 Y�P4�J /��FP$ Y�� �  N�� >�(�C 

12 �= 14� 33 DJ�� �8$�C ���; � *�#[� ��\G$ 55 

Fg�� �#�. N4����A� ��FI� THI D[#��� 81 �#� )%�
 

1�( DE ��K$ �� F � Y�� �  �� �[ Y��/�  ��= � ����� 

B� @A= �4���; n$� ��F$���.   

  

O�FJ 1. >�\�E�= �4�-c � 3���$M ��#� /-.� Y��J /�  �K4��BM  
Table 1. Feed ingredients and chemical composition of experimental diets on dry matter basis 

Without fat (control) Saturated fat Olive oil Fish oil Feed ingredients 
18.33 18.33 18.33 18.33 Alfalfa hay 
8.33 8.33 8.33 8.33 Corn silage 
3.33 3.33 3.33 3.33 Wheat straw 

30. 00 28.33 28.33 28.33 Barley grain 
19.33 16.67 16.67 16.67 Corn grain 
7.92 7.92 7.92 7.92 Soybean meal 
5.00 5.83 5.83 5.83 Rice bran 
5.83 7.50 7.50 7.50 Wheat bran 
0.50 0.50 0.33 0.33 Calcium carbonate 
0.17 0.17 0.17 0.17 Magnesium oxide 
0.50 0.50 0.50 0.50 Mineral and vitamin mix1 

0.25 0.25 0.25 0.25 Salt 
0.50 0.50 0.50 0.50 Sodium bicarbonate 
0.00 1.83 2. 00 2�00 Fat powder 

Chemical composition, % of DM 
2.64 2.73 2.73 2.73 ME (Mcal/kg DM) 
13.5 13.5 13.5 13.5 Crude protein (%) 
27 27.6 27.6 27.6 Neutral detergent fiber (%) 

52.3 51.7 51.7 51.7 Non-fibrous carbohydrate (%) 
6.6 6.8 6.6 6.6 Ash (%) 
3.4 5.1 5.1 5.1 Ether extract (%) 

1- :>�\�E�= 600 ��3  F?�� N�� �''	�� N���84� A� 200 ��3  F?�� N�� �''	�� N���84� D� 200 �'�� V�; N���84� E� 2500 �'�� V�; �8$M ���F�GE� 195 

V�; �+�G'E 80 V�; ��UG2 21000 �'�� V�; �+43�A� 2200 �'�� V�; �3APA� 3000 �'�� V�; �N M 300 �'�� V�; ��� 300 �'�� V�; �/�� 100 �'�� V�; 

�*��\E 120 �'�� V�; F4 � 1/1 �'�� V�; .V#�A'C  
1. Composition: 600,000 IU/kg of vitamin A, 200,000 IU/kg of vitamin D, 200 mg/kg of vitamin E, 2500 mg/kg antioxidant, 195 g/kg of Ca, 80 g/kg of P, 21000 

mg/kg Mg, 2200 mg/kg of Mn, 3000 mg/kg of Fe, 300 mg/kg of Zn, 300 mg/kg of Cu, 100 mg/kg of Co, 120 mg/kg of I and 1/1 mg/kg of Se. 

  

 
%�
 1. >����.= 01�
 ���- *�#[� �� D8U  /�  @4��BM  

Figure 1. Changes in temperature-humidity index during experiment weeks 
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D43X= � %�':= /��� Y���/�  �� 64  Y���

YF �K�� �� Y��U8C� B� ��[ a��E �2��_= V�X$� F
.  

OF� /���M ��#� Y��U8C� D� >�#g �4B �� F
�� DE 

�� �M Xij: YF �K� ����= i �V� y9C j V� j\A� ���& � 

Y��� �$��B �µ: N�P$��� *�r	J Aj: �!� ��	�= j\A�) 

���& � Y��� (�$��B� eij: �!� /�91 �K4��BM� .FA8G   

Xij= µ+ Aj+ eij. 

� /��� Y��� /�  ����= YF$#
 D� 6	E D4��  Mixed 

V�$ ��32� /���M SAS )1996( �� b��) ��[ 

YB�F$� /��; /�  ���� D43X= .F4��; >�G4�I� N�P$��� �� 

�#�BM N�$�� �� y9C O�	8?� nAR Fg�� >�#g .*2�; 

OF� /���M /��� D43X= N4� Y����  D� >�#g %4� :�#�  

Yikl= µ+ Ai+ + TK+ Animall (A)i + ATijk+ eikl. 
DE �� �M� µ: N�P$��� *�r	J� Ai: �!� j\A� ���&� 

TK: �!� ���B k V� YB�F$� ��;/ *Ug� Animall: �!� 

��#�? l �� ��	�=i V�� eikl: �!� /�91 �K4��BM� Yikl: 

YF �K� y9C i V� �#8E�2 j\A� ���& � y9C k V� 

���B YB�F$� ��;/ � y9C lV� �!� ��#�?FA8G  �.  

  

9"�1� � G,  

O�FJ 2 �!� Y��U8C� B� 6	$ � / �	�G'E /� F�C� 

L�& Nc�� �� �� Nc�� �#84B � ���& "�\
� �� 

Y��J/�  �4�-c Y��/�  /����R �� �� ���'	( �F
� 

^�_� e��#1 � >�Ug 43�2645#�# Y���  �� Z4��
 

/���; ��8G��= ��=) � (����� ��K$ ��.F � N�P$��� 

�B� Y���  �� "��
 @4��BM 52/0±2/35 V�;#'�E �#� 

� >��U= �Ar�/��� N�� �B� D���� Y��/�  Y��; /�  

m'8Q� �#J� .*
�F$ D$#P$�	  DE �� O�FJ 2 

D`?a� ����#
 @4�32� �B� D$�B�� Y���  �� �[ 6 

D8U  Y��� �@4��BM N�� Y��;/�  ^�_� YFAAE ��#R 

���& /� F�C� L�& "�\
� � "�\
���c �� Y��; �F �
 

>��U=/�  �Ar�/��� )05/0P=( FA8
��.   

�� Dr��9�/� DE /�� �#)/�  ��#���� V�X$� �F
 

%��#( @A=/�B �Fr8� B� D'	J @A= ��4���; D� �#[ 

%��) ��J#= �B� �F� � Y�	$ *�rS� �F� �#)�  �� 

@ �E .��� D4-.= bC�A� �� V�PA  d�8C� �4���; 

�� TU? �B� �r�\[ �F� +� *C� )Sejian et al., 

2018(. #G	  �� n4�8$ N4� �i�I:= �� Dr��9� 

V�X$� YF
 ZC#= Sucu et al. (2017)� Y��U8C� B� 

����� 6\'J Schizochytrium limacinum D� ��#A( 

j\A� N��<= YFAAE /� F�C� L�& �P�� -3 �� Y��J 

Y���  �� %_2 ���8G��= ��F� ��!<= �� ��3�� ^�_� 

�e��#1 k(�� @4�32� �B� D$�B�� Y���  D� ��3�� 3/29 

Fg�� F
. Y��U8C� B� �6\'J����� N�Aw	  k(�� 

���.= �� ��	Q= �D\	�
 @4�32� /5�$� �#J#� /��� 

F
� � �� DX�8$ �#\� ���'	( /F��#= Y���  .F
 

N�Aw	  �� Dr��9� Ibrahim Teama et al. (2016)� 

@4�32� %��) �J#= �� �B� YF$B �F� � @4�32� �B� 

D$�B�� V��/�  ^�_� YFAAE %	�� ���& �P��3 

�daR �� %_2 ��8G��= *\! F
. @�R B� N4� z��3; 

YF
 �#� DE Y��U8C� B� %	�� ���& N�	� *C� 

O��r= /5�$� �� �#\� FKQ� � �B� F�#= �� �� � 3� 

@4�32� .F � Cronjé (2011) z��3; ��E DE �#�[ 

D4-.= YF
 �� Y��J D4�R �� �[ @A= ��4���; @ �E 

�B� �FA8
�� �� ���?DE /�#�[ DE �� Y��J %	�� 

YF
 �� Nc�� �#84B D4-.= YF
 �F$�#� @4�32� �B� 

.FA8
�� N�Aw	  ^�_� e��#1 �� �#�[ D4-.= YF
 

�� Nc�� �#84B �� �[ Y��� 12 D8(�C @A= ��4���; 

D� ��3�� /�8	E *\G$ D� �#�[ Y��; �F �
 @ �E 

�F�R .��E  

�� @ �oR ��S�? Y��� 6K1 �2�_� D$�B�� 

Y�� /�  ^�_� YFAAE 6	$ � / �	�G'E /� F�C� 

L�& �� �� �#84B � "�\
�  >��U= �Ar�/��� �� 

Y�� /�  Y��; F �
 *
�F$ O�FJ) 2(. B� �X$M DE 

��3�� @4�32� �B� D$�B�� Y��/�  ^�_� YFAAE ��#R 

���& �� ^a81� �Ar�/��� �8K�� B� Y��/�  F �
 

��#� N4����A� Y��U8C� B� ��#R ���& �� �� �#84B � 

"�\
� �� ���B @A= �=���? Y����  D��#[ �Ar�/��� 

)05/0P=( k(�� @ �E b4��S %4F\= �4�-c Y���  

*\G$ D� Y��/�  Y��; F �
 F
Y *C� O�FJ) 2.( 

D�/�#[DE Y��U8C� B� 6	$ � / �	�G'E /� F�C� 

L�& Nc�� �� �� �#84B � ���& "�\
� k(�� �#\� 

b4�S %4F\= �4�-c Y�� �  *\G$ D� Y��/�  Y��; 

F �
 .F
  

@ �E ^�_� e��#1 �� Z4��
 ��;�� D� ��#A( 

64 ]C�R �)�\9$� /��� +�`A= F��#= >���? 
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����#��8� �'1�� �� >�$�#�? *:= @A= �4���; 

�4�C�A
 YF
 *C� Sejian et al., 2018).( D� >��\( 

�P4� @ �E ^�_� e��#1 ��F$�#= D� %��� +G�$��� 

�
B�C ��FAUC#; /��� F��#= �8	E ���; �� �F� 

F
��. �;� >�$�#�? �� D'?�� F��#= �F
�) (� ���
 

���) D8
�� �FA
�� @ �E �� ^�_� e��#1 � F��#= 

/���; ��'1�� k(�� @ �E ���'	( ���#
 )Indu & 

Pareek, 2015.( �� ���;FAAE��#QK$ Y��J/�  �4�-c 

�� /���; �K4�32� ����#��8� �N�4�R ��FA$�#= D� �#\� 

^�_� � ���'	( e��#1 �� Z4��
 @A= �4���; 

6	E FAAE .(Conte et al., 2018)   

�� Dr��9� V�X$� YF
 ZC#= Sucu et al. (2017) 3�$ 

Y��U8C� B� ����� 6\'JSchizochytrium limacinum D� 

��#A( j\A� N���= YFAAE /� F�C� L�& �P��3 �� Y��J 

Y����  /��!<= �� ��3�� ^�_� e��#1 D$�B�� �M�  �� 

%_2 ��8G��= .*
�F$ N�Aw	  VF( ��!�= �� ^�_� 

e��#1 D$�B�� �� ]C�R D� ^�_� %	�� �6\'J �� ��; 

3�$ YF �K� YF
 *C� )Braden et al., 2007(.  

�� @ �oR V�X$� YF
 ZC#= Ibrahim Teama et 

al. (2016)� Y��U8C� B� O#G�E �P��3 daR �� �[ 

Y��/�  V�; ��8G��= �� /� 3� �$ /F'� )Baladi�( 

k(�� @4�32� �Ar���� Y��� 6K1 �2�_� � 3� .F
 

Okukpe et al. (2011) FA82�4�� DE /� F�C� L�& 

�P��- 3 �8)� D� >F� *K  D8U  �� �#9C m'8Q� 

/��� � 3� Y��U8C� ���F$#
 k(�� @4�32� ^�_� 

e��#1 � Y�B�� e��#1 ��F$#
.   

B� ��!M �
��#; ^�_� �P�� 3 ����#= D� @4�32� 

���M � �8
� � �#\� L-J /� F�C� L�& �� Y��� 

Y��
� ��E. D� N4� >�#g DE D4-.= �'�	�= �� O#G�E 

�P��3 �daR ���& �� �= /F? �� D\	�
 ���!� Y��E � 

� �; >�)�� ��F$�#= B� @ �E Y��� 6K1 �2�_� 

/��;#'J FAE. N�Aw	  ��F$�#= k(�� ���2 /� F�C� 

L�& ��1 B� �#�C�$5��F� #�� D\	�
 YF
 �= �� Y��� 

6&#E /��� L-J � Y��U8C� �� d�8C� ���) F$��;. 

Ghoorchi et al., (2006) 3�$ z��3; F$�#	$ DE Y��U8C� 

B� /� F�C� L�& FA'� ��X$B �� Y��J Y���  /��!�= �� 

^�_� e��#1 �$M .*
�F$ �  FA& Nc��/�  /��? 

/� F�C� L�& "�\
���c �� @ �E >�E�? Y��� �XA� D� 

@ �E Y��� 6K1 �2�_� ZC#= V�� .F
  

0QK� YF
 *C� DE d�8C� �4���; ^�g �`$ 

B� @ �E ^�_� �e��#1 k(�� @4�32� B��$ /��FP$ � 

@ �E ��3�� +G��#��8� �� V�� �� .�#
 @ �E 

^�_� /5�$� Y��	  �� @4�32� B��$ /5�$� /��� 

�/��FP$ /5�$� ��#� B��$ /��� �F
� �A8G�M � 

� ���
 �� @ �E Y��� � k(�� O��r= �UA� /5�$� 

���#
 (Belhadj Slimen et al., 2019). ���32� 

%	�� ���& D� Y��J �4�-c D� %��� +E��= /5�$� 

�=h�� � /���; ����#��8� /�8	E DE �� DG4�I� �� 

�\�2 �4 D8C�K$ ����� ^�_� /5�$� 0��1 �� �� V�� -

/�  *:= ��K2 �4���; @4�32� ��.F � ���&/�  

*`2�:� YF
 B� D43X= �� D\	�
� �� Y��J �4�-c D� 

�#[ %��) �J#= /���; �K4�32� ����#��8� �� @ �E 

Y��� � @I$ ���&�  �� �� O#[ Y��� @A= �4���; 

�#\� ��FAKQ�  .(Conte et al., 2018)   

  

O�FJ 2. �!� %	�� /B�C Y��J �� 6	$ /�  �	�G'E /� F�C� L�& �� /� �8����R ��45#�#43�2 � ���'	( �� Y�� /�  /����R  

Table 2. The effects of dietary supplement of fatty acids calcium salts on physiological and performance parameters 

in growing lambs. 

P-value SEM 
Saturated  

fat 
Olive  

oil 
Fish  

oil 
Without fat  

(control) Parameter 

0.99 0.52 35.15
 

35.4
 

35.02
 

35.33
 

Initial weight (kg) 
0.847 0.61 45.43

 
45.19

 
45.86

 
44.15

 
Final weight (kg) 

0.05 0.01 0.249 a
 

0.233 a
 

0.258 a
 

0.210 b
 

Average daily gain (g) 
0.405 0.035 1.54

 
1.48

 
1.65

 
1.57

 
DMI (kg) 

0.05 0.36 6.59 b
 

6.59 b
 

6.53 b
 

7.69 a
 

FCR 
Temperature indices 

0.01 0.05 39.63 b 39.38 c 39.48 bc 39.88 a Rectal temperature (°C) 
0.01 4.58 85 b 76.5 b 88 b 106.3 a Respiratory rates (count/min) 

SEM, Standard error of the mean; DMI, Dry matter intake; FCR, Food conversion ratio  
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�� O#[ Y��� 42 YB�� �@4��BM Y��U8C� B� 

6	$ � / �	�G'E /� F�C� L�& "�\
���c � �"�\
� 

�!� �Ar�/��� �� DJ�� >���? V#8E� Y��/�  ���) 

D82�; �� Z4��
 /���; ��8G��= ��K$ ��� )01/0P=.( 

D� /�#[DE N4�8K�� DJ�� >���? V#8E� H#��� D� 

Y��/�  Y��; F �
 )88/39 DJ�� �8$�C (���; � 

N4�8	E DJ�� >���? V#8E� H#��� D� Y��/�  Y��; 

Nc�� �#84B )38/39 DJ�� �8$�C (���; .�#� N�� �� 

Y��; Nc�� �#84B � � �� >��U= �Ar�/��� YF �K� 

.FK$ ��#R ���& "�\
� 3�$ k(�� @ �E �Ar���� 

DJ�� >���? V#8E� *\G$ D� Y��; F �
 .F4��;   

/��� V#8E� b'c� D� ��#A( 01�
 YB�F$�/��; 

/��� %1�� �F� >�$�#�? Y��U8C� ��.�#
 @4�32� /��� 

V#8E� D� ��3�� 64 DJ�� �8$�C ���; �4 �8	E k(�� 

@ �E ���'	( �WE� D$#;/�  V�� ���#
 .(Indu & 

Pareek, 2015) @4�32� DJ�� >���? �F� �� @ �E %��) 

DJ#= ^�_� �e��#1 B�� j4B#= ��4�J �#1 � ���.= �� 

/� ���'	( �Fc ���� 34� Y��	  *C� DE �� ���'	( 

F��#= � F��#= %W� V�� ��!<= �UA� F �#1 *
�-; 

(Amani, 2017). /��� V#8E� �� Z4��
 �=���? �WA1 

N�� 3/38 �= 9/39 DJ�� ��.8� *C�. @4�32� /��� 

/�#  Z�:� B� 18 D� 35 DJ�� �8$�C ���; �� @4�32� 

%��) DJ#= /��� V#8E� �� ��FAUC#; Y��	  .*C� /��� 

V#8E� B� 42 DJ�� �8$�C ���; D� h�� e�$�91 �� �`$ 

D82�; ���#
 .(Indu & Pareek, 2015) �� Dr��9� 

V�X$� YF
 ZC#= Wang et al. (2010) �� ^�_� 

Y��J /�  �4�-c /��? %	�� /� F�C� L�& "�\
� �� 

y9C ��Ug 5/1� �4 3 Fg�� Y��� 6K1 Y��J �4�-c 

/� ��; /��
 ZC��� Y��� �� ���
 /��� V#8E� �� 

*(�C 2 Fr� B� �{ @ �E *2�4 )Hao et al. 2016.( 

3�$ z��3; F$��E DE �����E /� F�C� L�& "�\
� YF
 

�� Y��J �4�-c /� ��; �/��
 k(�� @ �E /��� *C�� 

Y��� � ��; ���#
. @ �E /��� �F� N�	� *C� D� 

%��� @ �E /���; �K4�32� Y��J/�  �4�-c �� ���B 

^�_� /� F�C� L�& "�\
� F
�� DE �� �M /���; 

����#��8� Y��1� ��.�#
 Y��U8C� B� /� F�C� L�& 

"�\
� N�	� *C� *�rS� /5�$� �� �� �4� ��; DE *:= 

@A= ���; ���) �F$��� �#\� FKQ�.Belhadj Slimen et 

al. (2019) ��!<= *\W� %	�� ���& �� �� +�`A= /��� 

��F� +43$M/�  ��	CaR *����8��� �  � �#��# �  ��K$ 

.F$��� �$M N�Aw	  z��3; F$��E DE �-� %��E ��8E 

D� >�#g %	�� e��#1 ]C�R �A	4� � +�`A= �=���? 

@���  �� �� %_2 ���; �#\� ��FKQ�. 

�� N4� @4��BM Y��U8C� B� ��#R ���& ��F� �� 

�`$ N82�; j\A� �M k(�� @ �E �Ar���� ��Fr= 

�UA= Y���  �� �  DI�)� *\G$ D� Y��; F �
 F
 

)01/0P≤.( >��U= N�� Y��;/�  ^�_� YFAAE ���& 

"�\
� � "�\
���c �Ar���� �#\$ O�FJ) 2.(  

N�II:� �1�� B� ]C�R/�  ��45#�#43�2 /� ��o$ 

m'8Q� FAUC#; *:= @A= �=���? �� �C��� � >����.= 

/��� V#8E� �� N�� 2/38 �= 1/41 DJ�� �8$�C ����; 

>�$�C#$ ��3�� �UA= �� B� 32 �= 271 �UA= �� DI�)� � 

����S �\') �� N�� 3/65 �= 102 ��� �� DI�)� z��3; 

F$��E )Belhadj Slimen et al., 2019.(   

YB�F$�/��; ��3�� �UA= � N��r= >F
 @A= 

�4���; �� DJ#= D� ��3�� �UA= �� DI�)� :+E) 40 -

60 � :ZC#8� 60 -80 � :��4B 80-120 � :F4F
 �=h�� 

B� 120�( �� d�8C�N4�= � ��CMN4�= z�� /��� 

���4B�� ��!<= d�8C� �4���; �� >�$�#�? *C� 

Amani, 2017).( @4�32� }�$ �UA= �
a= /��� 

@4�32� ��Q\= �GUA= .*C� ��3�� ��UA= YB�F$� ��;/ 

�'	( � %��) �4��=� /��� ��� �=���? *C� � 0QK� 

YF
 *C� DE ��3�� �UA= �=h�� B� 80 �UA= �� 

DI�)� �P$�K$ @A= �4���; ��4B *C� )Indu & 

Pareek, 2015 .(>�I�I:= V�X$� �YF
 ��K$ Y��� *C� 

DE �1�� B� �$��32�/�  �E��#1 B� D'	J ���&�  

��FA$�#= �� TU? B�8C#	  � 'J/��;# B� �#\	E ��#� 

�/-.� �!� �UA� d�8C� �4���; �� ^�[�� FAAE 

Wang et al., 2010).( /���8C� /�#8:� ���& Y��J 

�4�-c /��� �#\� ��!M @A= �4���; �� �#�[ � 

V�� /�  �m'8Q� n4�8$ �=��U8� D� Y��	  D8
�� .*C� 

�� N4� �O�? DJ#= �	E D� b�E�= /� F�C� L�& 

j��A� ���& ��#� Y��U8C� YF
 �*C� DE �h�	8?� �� 

DJ#= D� N4� D�S�2 *C� DE V�	= j��A� ���& >���? 
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�K4�32� /�8	E *\G$ D� #��E>��F�  � / Y��J 

��X4� ��.FAAE �� N4� ��#J� /F �#
 �#J� ���� DE 

%	�� ��#	$ Y��J/�  �4�-c �� /� F�C� L�& FA'� 

Y��X$B FA$�� F�C� �6�8�	��R F�C� 6�l�#A�� � F�C� 

6�l��� ��FA$�#= ��!M �UA� DJ�� >���? h�� �� �� V�� 

� �#�[ �#\� FAKQ� Cronjé, 2011)(.  

O�FJ 3� �!� Y��U8C� B� 6	$ � / �	�G'E 

���& /�  "�\
� � ��c "�\
� � ��) � �(�#84B �� 

��3�� ^�_� � *�'��) +,  ��#� �/-.� �� Y��/�  

���) D82�; �� Z4��
 @A= �4���; �� ��K$ ��.F � 

D`?a� ���#
 DE �A= ��3�� ^�_� D$�B�� ���& 

V�1 �� Y��/�  ^�_� YFAAE ��#R ���& �� ^a81� 

�Ar�/��� �8K�� B� Y��; F �
 �#� )001/0P=( � 

��3�� ^�_� D$�B�� N�l=��R V�1 � ^���� O#':��$ �� 

YFA4#
 �WA1 )NDF�( N�� Y��;/�  ^�_� YFAAE 

��#R ���& �� Y��; F �
 ^a81� �Ar�/��� .FA8
�F$   

�� N4� �@ �oR *�'��) +,  Y��� �6K1 N�l=��R 

V�1 � ���& V�1 �� N�� /� ��	�= ��K4��BM ^a81� 

�Ar�/��� .FA8
�F$ �� N4� O�? *�'��) +,  ���& V�1 

�� Y��/�  ^�_� YFAAE ��#R ����& *\G$ D� Y��/�  

Y��; F �
 %4�	= D� @4�32� .*
�� %��� �M ��F$�#= 

�#J� j��A� ���& ��#� Y��U8C� F
�� DE �= /��F? 

D8G$�#= *�'��) +,  /� �{ ���& V�1 Y��J �� @4�32� 

F �. �� N4� �@ �oR *�'��) +,  ^���� O#':��$ �� 

YFA4#
 ��WA1 �� ^a81� �Ar�/��� �� Y��/�  Y��; 

F �
 �=h�� B� �4�C Y��;�  �#� O�FJ) 3.(  

z��3; /�  m'8Q� �� ��#� ��!<= d�8C� �4���; 

�� *�'��) +,  �#J� ����. �1�� B� ���;FAG4#$ 

@4�32� *�'��) +,  �
�$ B� @A= �4���; �� z��3; 

F$��E � �1�� �P4� �P8G\	  �UA� �4 VF( H�\=�� 

N�� @A= �4���; � *�'��) +,  �� z��3; F$��E 

(Hyder et al, 2017). @A= ��4���; L-J �g�A( 

�4�-c � /5�$� %��) L-J �� ���.= ��F �. "��
 

d�8C� �4���; �XA� D� @ �E *���r2/�  ���#1 � 

��& D� %��� @ �E ^�_� /���81� e��#1 ���#
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^�_� Y��� 6K1 D� >F
 @ �E ��F��4. N�Aw	  

��3�� �#\( �-c B� Y�P8C� z��#; @ �E ���F��4 �� 

DX�8$ �XA� D� @4�32� *�'��) +,  ���#
 )Indu & 

Pareek, 2015 .(N4FA& �PK �oR z��3; Y���F$� DE 

�� Z4��
 ����; +,  Y��J �4�-c � ��3�� �#\( ��#� 

B� D\	�
 *:= ��!<= >����.= Y��� 6K1 �2�_� 

���) �	$F$��;. �!� �UA� @ �E *���r2 /�8E��/�  

D\	�
 �� *�'��) +,  Y��J ��4�-c N�	� *C� �� 

��!M *\W� �
�$ B� @ �E Y��� 6K1 �2�_� � 

@ �E ��3�� �#\( j4�� D\	�
 D\'c Y��E � �� DX�8$ 

k(�� @ �E +,  Y��J �4�-c �� /���� *:= @A= 

�4���; N�3� �#
 (Conte et al., 2018). Shafie et 

al. (1994) z��3; F$��E DE *:= Z4��
 @A= 

�4���; /���) 35 DJ�� �8$�C ���;�( ��3�� Y��� 

�6K1 Y��� ���M N�l=��R �V�1 �\�2 V�1 � NFE 

+,  YF
 ��FAUC#; D� ��3�� �	E �=h�� B� /��� 

18 DJ�� .�#� ���� YF
 *C� DE >��U= �!� %	��/�  

���& �� *�'��)� / +,  ��#� -.�/� D� ��3�� 

� F�C�/ L�& ��BM � DJ�� "�\
� ���&�  �P8G� 

���� )Zinn et al., 2000.( Jenkins (1993) 3�$ �� 

�C��� >�r��9� N�K�R z��3; ��E DE ���& Y��J 

*�'��) +,  ^���� �� �� D\	�
 @ �E ��.F � 

N�II:� %��� N4� ��� �� �!� �UA� /� F�C� L�& 

"�\
���c �� L����� � / D\	�
 .FA8G$�� VBh D� �E� 

*C� DE �� @ �E ��3�� D2#'( �Y��J *�'��) +,  

F�C� L�& �� Y��� ���.= Y��E � /5�$� %��) d�8C� 

B� /� F�C� L�& +,  YF
 @4�32� ��F��4 )Hess et 

al., 2008.( Schauff et al. (1992) �� >�r��9� �#1 

�� /�� Y��U8C� B� 6	$ � / �	�G'E /� F�C� L�& 

FA'� ��X$B �� Y��J /� ��; /��
 YF �K� F$��E DE 

�� ���32� %	�� ����& z��#; /�4-R Y��� �6K1 

Y��� ���M Y��#4� ��#'C � N�l=��R @ �E .*2�4 N4� 

@ �E ��F$�#= D� D9C�� �!� �;FAAE��� ���& �� ��	Q= 

D\	�
 D� %��� @
#R ��43�2 >��� ��#� Y��#1 YF
 � 

@ �E d�	= +43$M/�  3����F�  YFAAE �� ��$M �!� �	C 

���&�  /�� L����� /�  �D\	�
 @ �E �C�8C� 

L����� �  D� +�G'E �� �!� %��K= 6	$ /�  �	�G'E 

O#':��$ /� F�C� L�& �� �D\	�
 DE *���r2 L#'9� 

�$M �� %8Q� ��FAE � B��$ �g�_81� L����� /�  
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O�FJ 3. �!� %	�� /B�C Y��J �� 6	$ /�  �	�G'E /� F�C� L�& �� ^�_� � *�'��) +,  ��#� /-.� �� Y��/�  /����R  
Table 3. The effects of dietary supplement of fatty acids calcium salts on intake and apparent digestibility of nutrients 

in growing lambs 
P-value SEM Saturated fat Olive oil Fish oil Without fat (control) Parameter 

Nutrient intake (g/lamb per day) 
0.409 0.4 208

 
200

 
223.2

 
213

 
CP 

0.001 0.3 80 a
 

75.8 a
 

84 a
 

53 b
 

Ether extract 
0.386 0.9 426

 
410

 
456

 
426 NDF 

Nutrient digestibility (%) 
0.75 1 69.9

 
70.23 71.52

 
72.15

 
DM 

0.668 1.48 68.28
 

68.48
 

68.72
 

71.70
 

CP 
0.92 1 76.01 a

 
76.09 a

 
76.22 a

 
73.77 ab 

EE 
0.001 1.43 44.28 b

 
43.7 b

 
46 b

 
53.6 a

 
NDF 
SEM, Standard error of the mean; DM, Dry matter; CP, Crude protein; EE, Ether extract; NDF, Neutral detergent fiber. 

  

Hyder et al. (2017)  h�� DE F$��E z��3;

 � 6K1 Y��� +,  *�'��) �� �D\	�
 /��� ��#�

 �WA1 YFA4#
 �� O#':��$ �\�2(NDF)  *\W� ��!<=

 ��M ��#� +,  *�'��) �� DE ���? �� �D8
�-;

(OM) �� �UA� ��!<=���-;.  ���.= +,  *�'��)

 �F$��� ���) �4���; @A= *:= DE �=�$�#�? �� D82�4

�r2 �� ���.= D� /-.� ��#� L-J � �4�4�8E�� *��

�� Y��� *\G$ Y��� � D\	�
�#
.  B� @�� D4-.=

 �� �	C �!� DE "�\
���c L�& /� F�C� F?

L����� �� �F$��� D\	�
 /�  @ �E D� �XA� F$�#=

 ���; �\�2 +, (Jenkins & Palmquist, 1984) .

D�Y��J �'E �#[  B� �8	E �� �4�-c /� 5  Fg��

 ����& %	����  ����� �� �	C �UA� �!� D$#;

.F$��F$ D\	�
 �#'2 ���&  B� YF
 *`2�:� /� 

 /���; �J#= %��) �#[ D� ��4�-c Y��J �� ��#QK$

�� @ �E �� ����#��8� �K4�32� @I$ � FA �

���& �#\� �4���; @A= Y��� O#[ �� �� � 

��  FAKQ� (Conte et al., 2018).  

  

���� ���� ���  

n4�8$ %g�? B� N4� Dr��9� ��K$ ��� DE ���32� ��#R 

���& 6	$ � / �	�G'E /� F�C� L�& �P��-3 

Nc��) �(� �� �P��-9 Nc��) (�#84B � /� F�C� L�& 

"�\
� /��?) 35% F�C� 6�8�	��R � 50% F�C� 

(64��l8C�  D� Y��J/�  �4�-c Y��/�  �� O�? F
� 

�� %_2 ���8G��= B� i4�[ @ �E ���.= �� /� �8����R 

645#�#43�2 B� D'	J DJ�� >���? V#8E� � ��Fr= 

��UA= � /��;#'J B� @ �E ^�_� e��#1 �� 

Z4��
 /���; ���8G��= ���'	( F
� �� �� Y���  

@4�32� Y��� � �� ��3�� Y��/�� Y���  ��!�= *\W� 

��.���-; N�Aw	  N�� %	��/�  ���& �� /#P�� 

>��U8� /� F�C� �L�& �=��U= �#J� .*
�F$  
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