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The aim of this study was to determine the response of the Ross 308 broilers 

to β-mannanase containing multi-enzyme with different percentages of nutrient 

equivalency values of multi-enzyme in corn-soybean based dies. A total 

of 192 male Ross 308 broiler chicks were used in a completely randomized 

design with six treatments, eight replicates, and four birds in each. Treatment 

one (positive control) was a normal corn-soybean meal diet without multi-

enzymes. Treatments two, three, four, and five contained 0.3 kg/ton multi 

enzymes, using 25, 50, 75, and 100% of the nutrients equivalency value of 

enzyme, respectively. The sixth treatment (negative control) was like to fifth 

treatment but without added multi-enzyme. Body weight gain and feed 

conversion ratio (FCR) were assessed weekly. The results indicate, no 

significant difference among the treatment one and two in body weight gain 

and FCR. At 42 days of age, the difference in body weight of the negative 

control group and treatment five was significant (P<0.0001). The similar 

performance of birds in treatment two despite lower metabolized energy, crude 

protein, and phosphorus with added enzyme, comparing to the positive control 

group, indicating that multi-enzyme had the potential for releasing the feed 

nutrients. 
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Extended Abstract 
Introduction 

Soybean meal is a common source of protein in poultry feed, however, it contains a number of anti-nutritional factors, 
including non-starch polysaccharides. Non-starch polysaccharides are among the factors that reduce the availability of 
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nutrients. Enzymes improve the digestibility of feed nutrients either directly or by eliminating non-nutritional factors, and 
their use in poultry diets has become common since the last four decades. Therefore, the aim of this study was to investigate 
the response of Ross 308 broiler chickens to thirteen multi-enzymes containing beta-mannanase, taking into account the 
different levels of nutrients equivalent to the enzyme in the diet based on corn and soybean meal. 

 

Materials and Methods 

In order to investigate the response of broiler chickens to thirteen multi-enzymes containing beta-mannanase, an 
experiment was carried out in the form of a completely randomized design with 6 treatments in 8 replications and 48 
experimental units in which there were 4 Ross 308 chickens in each unit, and in total with 192 chickens were used. 
Treatments 2, 3, 4 and 5 contained 0.3 kg per ton of thirteen multi-enzymes, which were 25, 50, 75 and 100% 
equivalent of enzyme nutrients respectively in setting the formulas. Treatment 6 (negative control) was similar to 
treatment 5 but without using multi-enzyme. Chickens at the ages of 7, 14, 21, 35 and 42 were weighed and the feed 
conversion factor was calculated. At the end of the experiment period. Excreta samples of each cage were collected to 
measure the amount of calcium, phosphorus and nitrogen. The amount of calcium and phosphorus was measured with 
an atomic absorption device and a spectrophotometer, respectively, based on the method proposed by the Official 
Analytical Association of American Chemists. 

 

Results 

The highest body weight and the best feed conversion ratio at the ages of 7, 14, 21, and 28 days were obtained by 
consuming a diet containing multi-enzyme and calculating 25% equivalent of its nutrients, and the lowest 
performance was related to the chickens that received the negative control feed (P<0.0001). At the end of the 
experimental period, the difference in weight and feed conversion efficiency of treatment one and two was not 
significant. The difference in body weight between the negative control group and treatment 5 at the age of 42 days 
was significant (P<0.0001). Adding multi-enzyme to the diet did not have a significant effect on the amount of 
calcium excretion through feces. Based on the obtained results, the excretion of phosphorus in the chickens that 
consumed the enzyme was 3.6% lower than the other two groups that did not consume the enzyme (positive and 
negative control groups), which indicates more absorption of phosphorus from the digestive system. Furthermore, 
Enzyme addition reduced nitrogen excretion through excreta. 

 

Conclusion 

The same performance of chickens fed with treatment two, despite the reduction in the amount of metabolizable 
energy, crude protein and available phosphorus, with the addition of enzyme compared to the positive control 
treatment, indicates the potential of nutrient release by multienzyme. 
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 2)
:1. 7�5�6 4%��� C�>�&�' D� 2��3� �!1� ���� (�
++' 
���� �'�= F,�� �
= ��G��)  

Table 1. Nutrient equivalency values of a Multi Enzyme recommended by producer  
AMEn(kcal/kg)  442857  (kcal/kg) 

CP  2143  %  
Ca  400  %  
P  371  %  

Lys  34  %  
Met  3  %  

Met+Cys  12  %  
Thr  37  %  

 A	B�C �:2&� K������:(%�"/#J
�)  !�:�U1500 !����&'" �:� �700 !t��C�W2
 �700 !l&'E �6000 !���:$0 �70 !��t	
! �10000 !�z�2 �30 !�+���0 �3000 !������ �:� �600 . 

Multienzyme compounds(per gram): phytase1500, ßglocanase700, αamylase700,cellolase6000, pektinase70,xylanase10000, lypase30, protease3000, 
mannanase600 

  

 2)
:2. J���K �!1� ���� ) 4'���K ���� L�'��) M���;6 ��)� 4$����6 ��*0  ��10 (4>�)� 

Table 2. Ingredient and Nutritional composition of experimental diets (%) at starter phase 

Ingredients 
Diets 

C+ 25%NMV2 50%NMV 75%NMV 100%NMV C- 

Corn grain 493.3 508.7 524.7 540.7 559.7 556.7 
Soybean meal 423 416.3 409.6 402.8 396 396 
Corn oil 41.1 33.1 25 16.8 8.7 8.7 
Dicalcium phosphate 18.6 17 15.4 13.8 12.2 12.2 
Oyster shell 9.6 9.8 10.1 10.3 10.6 10.6 
Common Salt 4.5 4.3 4.1 3.9 3.7 3.7 
Sodium bicarbonate 0.3 0.6 0.9 1.1 1.4 1.4 

Vitamin and Min. premix2 5 5 5 5 5 5 

DL-Methionine 3.1 3.1 3.1 3.2 3.2 3.2 

L-Lysine HCl 0.8 0.9 1.1 1.2 1.4 1.4 
L-Threonine 0.6 0.7 0.7 0.7 0.8 0.8 
Multi enzyme 0 0.3 0.3 0.3 0.3 0 
Filler 0 0 0 0 0 0.3 
Sum 1000 1000 1000 1000 1000 1000 
Nutrients (Calculated as %) 

MEn (kcal/kg) 2950 2916 2883 2850 2817 2817.14 
Crude protein 22.616 22.455 22.294 22.133 21.973 21.973 
Calcium 0.944 0.912 0.884 0.854 0.824 0.824 
Available phosphorus 0.472 0.444 0.416 0.388 0.360 0.361 
Na 0.2 0.2 0.2 0.2 0.2 0.2 
Anion cation balance (meq/kg) 250 250 250 250 250 250 
Dig. Lys 1.258 1.255 1.253 1.250 1.247 1.248 
Dig. Met 0.628 0.6277 0.6275 0.6273 0.6271 0.627 
Dig. Met+Cys 0.934 0.844 0.754 0.664 0.574 0.93 
Dig. Thr 0.8459 0.8431 0.8403 0.8375 0.8348 0.8384 
Cost 1249 1233 1209 1186 1162 1155 

1 :�&>� G���� 
� �	! �
&� �e
�&X %�"&'�� �. �� ��#�� � �����:	� T>$� .9000  G���:	� �''>2
 G�� #J
�A O4000  G���:	� �''>2
 G�� #J
�D3� 55  �''>2
 G�� #J
�

 G���:	�EO 2/2 �'�� G���:	� %�"KO 2/2 �'�� G���:	� %�"B1� 4/5 �'�� G���:	� %�"B2 �45 �'�� �#�E
 ]���&$�� %�"15 �'�� �#�E
 ]���&:�0 %�"2/2 �'�� G���:	� %�"

B6 �15/0 �'�� �G��&�� %�"6/1 �'�� �#�E
 ]�2&U %�"011/0 �'�� G���:	� %�"B12 �1500 �'��G�2&� %�" �#	
�'�120 �'�� %�"Mn O110 �'�� %�"Zn O16 �'�� %�"Cu O

30/0 �'�� %�"Se O25/1 �'�� %�"I O20 �'�� %�"Fe. 

1. Vitamin-mineral premix (2.5 kg/1000 kg);vitamin A (9,000 IU), vitamin D2 (4,000IU),vitamin E (55 IU), vitamin K (2.2 g), vitamin B1 (2.2 
g),vitamin B2 (5.4 g),nicotinic acid (45 mg), Pantothenic acid (15 mg), vitamin B6 2.2 (2.2 mg), Biotin (0.15 mg), Folate (1.6 mg), vitamin B12 (0.011 
mg),Choline chloride (1500 mg), manganese (120 mg), zinc (110 g), copper (16 mg), selenium (0.3 mg),  iodine (1 g),iron (20 mg) 
2. Nutrient Matrix Value. 

  

�=&= �� ����� ��$'>(�	?@�  �. ) �� ��>�� �� �#<25  ������ �Z�[� *�:�� ��>�� �� Z�,� (A	B�C  ?@� �
&� *���� #b��

�:2&� �=&� T��S Z�[� ��j��A,���$� !
 .ZE
 e
�&X T	#�� R	�f � #<� ��$'>( �&��� �� A	B�C p�f&�  
�� �2�>:J
  �.

( �&����� ��	
?i T	#�� R	�f � #<� ��$'>A	B�C ���:�
 �&��� � �<�
&" �2&2 K�	&:d�  ���
�" F.�� �� 

&� �
&� � �.

  ?@�)Meng & Slominski, 2005(A	B�C hE&� �:E��� � 
g��:�� � g��
 Ar. Z�'��S �&��� � �#��� �	B^�  �.
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)Cowieson & Adeola, 2005, Meng & Slominski, 2005�( 
��� K�d<�� F.���
! )Endogenous (

)Cowieson & Adeola, 2005() e
�&X ��&>� �2&'E ��
&	� R	�N� �Ravn et al., 2016  ?@� �
&� 
#< �
!C � (

 �2&'E ��
&	� hE&� �#< �&Vd�)Cowieson & Adeola, 2005, Ravindran et al., 1999( ����$�� Z��>= ���@� �

���� )Mathlouthi et al., 2002( ���� {�N�  g&2&U�&� ���@� �)Annison & Choct, 1991, Sharifi et al., 2013( �

 K�:�U hE&� ]�:�U #�E
 Ar.)Cowieson & Adeola, 2005( !�������:� A	B�C hE&� 
�����:� Ar. �)Odetallah et al., 

2002, jackson et al., 2004(  �$��&��  �0  �.#	����E&$�2
 #�2&� �)Lee et al., 2017 (.��� ���<
  
��� K�3�3d� w	�:�

A	B�C ��
��'0 �	�^� �� !
�#�.&���  �.�:E�����i  �.#	����E]o&�  �.#	����E&��2
 #�2&� �  
 �&��� 
� �#��0 ��$'>( ���

��) #�.�Craig et al., 2019; Al-Sultan et al., 2016; Knudsen, 2014; Courtin et al., 2008(  � !
 �$	

A,���$�  �0 Z�b�X ��#��0 ��$'>( �� �#< �#.��� �&���  �.A	B�C Z�2��U �^�:� ��  #�2&�  �.#	��$E&��2
 �$��&��  �.

�'0 B�2��#�. !
 Tb�J  �.#	����E&��2
 .ZE
 !
�#�.&����:E�����i  �.#	����E �:��� hE&�  
�:����#�W�� #���� �	�.1  �

T�E��&:�l2  �#< ��>N��� #�2&� 
� ��^�! ���&� Q�o  �.#�E
 �) #���Lee et al., 2017 Q�o  �.#�E
 �
#3� F	
BU
 �� .(

 �:��� Z��>= �F	
BU
 #�W�  ��	�:��� Z��>= ���^�! ���&� ��>��  �. F.�� 
!(Engberg et al., 2004)  #<� ��$'>( �

�� �&��� �#��0) #��	Ravangard et al., 2017(.  

  

2)
: 3. L�'�� 4'���K ����  �!1� ���� )J���K��*  ��)� 4$����6) 
=�11  ��24 (4>�)� 

Table 3. Ingredient and Nutritional composition of experimental diets (%) at grower phase 

Ingredients 
Diets 

C+ 25%NMV2 50%NMV 75%NMV 100%NMV C- 
Corn grain 548.9 564.2 580.2 596.2 612.2 612.2 
Soybean meal 374.8 368.1 368.3 354.5 347.7 347.7 
Corn oil 38.8 30.8 22.7 14.5 6.4 6.4 
Dicalcium phosphate 16.1 14.5 12.9 11.3 9.8 9.8 
Oyster shell 8.8 9.1 9.3 9.6 9.8 9.8 
Common Salt 3.5 3.3 3.1 2.9 2.8 2.8 
Sodium bicarbonate 1 1.3 1.5 1.8 2.1 2.1 
Vitamin and Min. premix2 5 5 5 5 5 5 
DL-Methionine 2.5 2.6 2.6 2.6 2.6 2.6 
L-Lysine HCl 0.5 0.5 0.6 0.8 1 1 
L-Threonine 0.2 0.3 0.3 0.3 0.4 0.4 
Multi enzyme 0 0.3 0.3 0.3 0.3 0 
Filler 0 0 0 0 0 0.3 
Sum 1000 1000 1000 1000 1000 1000 
Nutrients (Calculated as %)  
MEn (kcal/kg) 3000 2966 2933 2907 2867 2867.14 
Crude protein 20.806 20.645 20.484 20.323 20.163 20.163 
Calcium 0.8419 0.8119 0.7819 0.7519 0.7219 0.722 
Available phosphorus 0.421 0.393 0.365 0.337 0.309 0.3097 
Na 0.18 0.18 0.18 0.18 0.18 0.18 
Anion cation balance (meq/kg) 240 240 240 240 240 240 
Dig. Lys 1.1129 1.1104 1.1079 1.1054 1.1029 1.1027 
Dig. Met 0.553 0.5527 0.5525 0.5523 0.5521 0.552 
Dig. Met+Cys 0.8418 0.7518 0.6618 0. 5718 0. 4818 0.8382 
Dig. Thr 0.7449 0.7421 0.7393 0.7365 0.7338 0.7338 
Cost 1198 1118 1158 1134 1111 1104 

1 :�&>� G���� 
� �	! �
&� �e
�&X %�"&'�� �. �� ��#�� � �����:	� T>$� .9000  G���:	� �''>2
 G�� #J
�A O4000  G���:	� �''>2
 G�� #J
�D3� 55  �''>2
 G�� #J
�

 G���:	�EO 2/2 �'�� G���:	� %�"KO 2/2 �'�� G���:	� %�"B1� 4/5 �'�� G���:	� %�"B2 �45 �'�� �#�E
 ]���&$�� %�"15 �'�� �#�E
 ]���&:�0 %�"2/2 �'�� G���:	� %�"

B6 �15/0 �'�� �G��&�� %�"6/1 �'�� �#�E
 ]�2&U %�"011/0 �'�� G���:	� %�"B12 �1500 �'��G�2&� %�" �#	
�'�120 �'�� %�"Mn O110 �'�� %�"Zn O16 �'�� %�"Cu O

30/0 �'�� %�"Se O25/1 �'�� %�"I O20 �'�� %�"Fe. 
1. Vitamin-mineral premix (2.5 kg/1000 kg);vitamin A (9,000 IU), vitamin D2 (4,000IU),vitamin E (55 IU), vitamin K (2.2 g), vitamin B1 (2.2 
g),vitamin B2 (5.4 g),nicotinic acid (45 mg), Pantothenic acid (15 mg), vitamin B6 2.2 (2.2 mg), Biotin (0.15 mg), Folate (1.6 mg), vitamin B12 (0.011 
mg),Choline chloride (1500 mg), manganese (120 mg), zinc (110 g), copper (16 mg), selenium (0.3 mg),  iodine (1 g),iron (20 mg) 
2. Nutrient Matrix Value. 
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2)
: 4. L�'�� 4'���K ����  �!1� ���� )J���K��*  ��)� 4$����6) 4����"25  ��42(4>�)� 

Table 4. Ingredient and Nutritional composition of experimental diets (%) at finisher phase 

Ingredients 
Diets 

C+ 25%NMV2 50%NMV 75%NMV 100%NMV C- 

Corn grain 618.6 634 650 666 681.9 681.9 
Soybean meal 312.6 305.9 299.1 292.3 285.5 285.5 
Corn oil 34.1 36.2 18 9.9 1.7 1.7 
Dicalcium phosphate 14.2 12.6 11 9.4 7.8 7.8 
Oyster shell 8.1 8.4 8.7 8.9 9.2 9.2 
Common Salt 2 1.8 1.6 1.4 1.2 1.2 
Sodium bicarbonate 2.5 2.7 3 3.3 3.5 3.5 

Vitamin and Min. Premix1 5 5 5 5 5 5 

DL-Methionine 2.2 2.2 2.3 2.3 2.3 2.3 

L-Lysine 0.5 0.7 0.8 1 1.1 1.1 
L-Threonine 0.2 0.2 0.2 0.3 0.3 0.3 
Multi enzyme 0 0.3 0.3 0.3 0.3 0 
Filler 0 0 0 0 0 0.3 
Sum 1000 1000 1000 1000 1000 1000 

Nutrients (Calculated as %)   

MEn (kcal/kg) 3050 3016 2983 2950 2917 2917.14 
Crude protein (%) 18.586 18.42 18. 26 18.04 17.94 17.94 
Calcium (%) 0.753 0.723 0.693 0.663 0.633 0.633 
Available phosphorus (%) 0.3765 0.348 0.321 0.293 0.265 0.265 
Na (%) 0.16 0.16 0.16 0.16 0.16 0.16 
Anion cation balance (meq/kg) 230 230 230 230 230 230 
Dig. Lys (%) 0.9817 0.9792 0.9812 0.9742 0.9717 0.971 
Dig. Met (%) 0.4962 0.4959 0.4957 0.4955 0.4953 0.495 
Dig. Met+Cys (%) 0.762 0.672 0.582 0.492 0.402 0.758 
Dig. Thr (%) 0.6575 0.6547 0.6519 0.6491 0.6464 0.6464 
Cost 1141 1125 1101 1078 1054 1047 

1 :�&>� G���� 
� �	! �
&� �e
�&X %�"&'�� �. �� ��#�� � �����:	� T>$� .9000  G���:	� �''>2
 G�� #J
�A O4000  G���:	� �''>2
 G�� #J
�D3� 55  �''>2
 G�� #J
�

 G���:	�EO 2/2 �'�� G���:	� %�"KO 2/2 �'�� G���:	� %�"B1� 4/5 �'�� G���:	� %�"B2 �45 �'�� �#�E
 ]���&$�� %�"15 �'�� �#�E
 ]���&:�0 %�"2/2 �'�� G���:	� %�"

B6 �15/0 �'�� �G��&�� %�"6/1 �'�� �#�E
 ]�2&U %�"011/0 �'�� G���:	� %�"B12 �1500 �'��G�2&� %�" �#	
�'�120 �'�� %�"Mn O110 �'�� %�"Zn O16 �'�� %�"Cu O

30/0 �'�� %�"Se O25/1 �'�� %�"I O20 �'�� %�"Fe. 

1. Vitamin-mineral premix (2.5 kg/1000 kg);vitamin A (9,000 IU), vitamin D2 (4,000IU),vitamin E (55 IU), vitamin K (2.2 g), vitamin B1 (2.2 
g),vitamin B2 (5.4 g),nicotinic acid (45 mg), Pantothenic acid (15 mg), vitamin B6 2.2 (2.2 mg), Biotin (0.15 mg), Folate (1.6 mg), vitamin B12 (0.011 
mg),Choline chloride (1500 mg), manganese (120 mg), zinc (110 g), copper (16 mg), selenium (0.3 mg),  iodine (1 g),iron (20 mg) 
2. Nutrient Matrix Value. 

 

  

 2)
:5.  7�5�6 4%��� 2��3� �!1� ���� �.���5�,������� �%  �)�8 ���> �:�: ���&<� � 4%=�> ��* 

Table 5. Effects of multi enzyme with β-mannanase on performance of broilers  

Item 
Treatments 

SEM P value 
C+ 25%NMV2 50%NMV 75%NMV 100%NMV C- 

Body weight gain (g) 

7 day 141.4ab 145.3a 144.5ab 143.5ab 138.7ab 131.9b 1.8 0.0001 

12 day 292.9ab 297.5a 289.2ab 291.2ab 283.8b 285.4b 3.1 0.03 

21 day 593.3a 597.3a 578.9b 578.4b 570.7b 570.7b 4.8 0.0007 

28 day 997.2a 1000.5a 973.2b 967.3b 968.6b 950.2b 7.8 0.0003 

35 day 1542.7a 1521.6a 1487.7b 1482.9b 1482.1b 1439.7c 11.2 0.0001 

42 day 2058.5a 2016.2ab 1980.7b 1962.6b 1960.8b 1879.9c 18.5 0.0001 

Feed conversion ratio (g feed/g gain) 

7 day 0.90bc 0.89bc 0.37c 0.90bc 0.93ab 0.94a 0.01 0.009 
12 day 1.23c 1.22c 1.24abc 1.23abc 1.27a 1.26ab 0.01 0.045 

21 day 1.33b 1.32b 1.35ab 1.35 ab 1.38a 1.37a 0.01 0.002 

28 day 1.45b 1.44b 1.47ab 1.48 a 1.50a 1.49a 0.01 0.003 

35 day 1.52b 1.54b 1.59a 1.58 a 1.60a 1.62a 0.01 0.0001 

42 day 1.61b 1.64b 1.69 a 1.69 a 1.71a 1.74a 0.01 0.0001 

���� K��W� �#�.� 
��� M	�� �. �� �������i H��J) �
�05/0<P.ZE
 ( 

C+; Positive control, C-; Negative control,  Means with different superscripts on same row differ significantly (P < 0.05). 
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 ��E�d�)25   ?@� �
&� #b�� ��E�d�) �E � (A	B�C *����50  *�:�� ��>�� �� Z�,� �(A	B�C *����  ?@� �
&� #b��

���� Z�[� ��E�d�) w�0 ��>�� �� Kl&rU s	�� !
 �W,U �U� .�&�� �
�25 (A	B�C *����  ?@� �
&� #b��  F< �

(�W�� *�:��) Z<
� Z�[� *�:�� ��>�� �� �,	�3� �� ��=&� T��S F.���)٠١/٠<P
 .(  �.��>�� �� �W,U �U� F.�� ��

���� Z�[� *�:�� ��>�� �� Z�,� ���o � �E ����&�� �
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 ���� w	�:� I�E
 ZE� �=&= �� �W,U �U� ��#�C #��&� ��&>� H�V� A	B�C �� �	�.6/3  ���" �� �� Z�,� #b��
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�:2&� H�V� .ZE
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 ��U� %�X G�+���0 � �W,U F.�� �� T�X� �2�>:J
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 �� #�
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 �� #<�� K�&b G	
PE F.���W,U p )Selle et al., 2012(�:2&� y	���� *�>(
 �� ����= G�+���0 � A�,'� � �� A	B�C

 �� �#< #��� �W,U � A�,'� �G�+���0  �3�
 � �E�:E� F	
BU
 � &E ]	 !
 F< ��>�� �� ]	 ��>�� !
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35  �47 #< %)Selle et al., 2012.(    

  

 2)
:6.  7�5�6 4%��� 2��3� �!1� ���� �.���5�,������� �%  �)�8 ���>  �T�U� V��
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(D$K ���� LX8 � ) 

Table 6. Effects of multi enzyme with β-mannanase on excreta N, P, Ca  

Treatment 
Excreta 

P (%) Ca (%) Protein (%) 

C+ (positive control)
 

1.07a 2.58 25.74 a 
25%Nutrient matrix value 1.13 a 2.37 25.61 ab 
50%Nutrient matrix value 0.98ab 2.65 23.72abc 
75%Nutrient matrix value 1.01ab 2.63 22.69bc 
100%Nutrient matrix value 0.08b 2.36 22.51c 
C-(negative control) 0.78b 

2.28 22.08c 
SEM 0.03 0.06 0.46 
P Value 0.01 0.55 0.04 

���� K��W� �#�.� 
��� 
&:E �. �� �������i H��J) �
�05/0<P.ZE
 (  

Means with different superscripts on same column differ significantly (P<0.05).        
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