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Table 1. Ingredient composition and nutrient content of the basal diets (%, as-fed basis, unless otherwise indicated)

 1-10 d  11-24 d  25-42 d 
 HN1 LN52  HN LN5  HN LN5 
Ingredient%         
    Corn 46.47 53.99  52.33 59.60  57.42 63.86 
    Soybean meal 44.15 40.04  38.20 34.38  32.83 29.82 
    Soybean oil 4.86 1.41  5.29 1.81  5.85 2.43 
    Dicalcium phosphate 1.80 1.83  1.61 1.64  1.45 1.46 
    Calcium carbonate 1.07 1.08  0.98 0.99  0.91 0.92 
    Common Salt 0.31 0.30  0.31 0.30  0.31 0.31 
    Sodium bicarbonate 0.24 0.25  0.23 0.24  0.23 0.23 
    DL-Methionine  0.35 0.33  0.32 0.29  0.29 0.26 
    L-Lysine HCl 0.17 0.19  0.16 0.18  0.16 0.17 
    L-Threonine 0.08 0.08  0.07 0.07  0.05 0.04 
    Vitamin premix3 0.25 0.25  0.25 0.25  0.25 0.25 
    Mineral premix4 0.25 0.25  0.25 0.25  0.25 0.25 
Calculated analysis%5         
    AMEn (kcal/kg) 3000 2850  3100 2945  3200 3040 
    CP (N × 6.25) 23.80 22.63  21.64 20.59  19.68 18.89 
    Lysine 1.44 1.368  1.29 1.226  1.16 1.102 
    Methionine + Cystine 1.08 1.026  0.99 0.940  0.91 0.865 
    Threonine 0.97 0.922  0.88 0.836  0.78 0.741 
    Arginine 1.56 1.463  1.40 1.306  1.25 1.179 
    Calcium 0.96 0.96  0.87 0.87  0.79 0.79 
    Available phosphorus 0.48 0.48  0.435 0.435  0.395 0.395 
    Sodium 0.20 0.20  0.20 0.20  0.20 0.20 
Feed cost (Tomans/kg) 1271 1158  1228 1118  1194 1088 
1 HN = High-nutrient (Aviagen recommendation, 2014). 
2 LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3 Provided the following per kilogram of diets: vitamin A, 9,000 IU (retinyl acetate); cholecalciferol, 2,000 IU; vitamin E, 36 IU 
(dl-α-tocopheryl acetate); vitamin B12, 0.015 mg; menadione, 2 mg; riboflavin, 6.6 mg; thiamine, 1.8 mg; pantothenic calcium, 10 
mg; niacin, 30 mg; folic acid, 1 mg; biotin, 0.1 mg; pyridoxine, 3 mg. 
4 Provided the following per kilogram of diets: manganese (MnSO4·H2O), 100 mg; zinc (ZnO), 85 mg; iron (FeSO4·7H2O), 50 
mg; copper (CuSO4·5H2O), 10 mg; selenium (Na2SeO3), 0.2 mg; iodine (Iodized NaCl), 1 mg; choline, 250 mg. 
5 Ingredients’ information of National Research Council (1994) was used for the calculation of nutrients’ level. 
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Table 2. Effect of dietary inclusion of multiple-enzyme complex, butyric acid and their combination on performance 

of broiler chickens at different rearing periods  
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Table 3. Effect of dietary inclusion of multiple-enzyme complex, butyric acid and their combination on the relative 

weight of intestine of broiler chickens on 42 d 
 Relative weight (% of BW6) 
 Duodenum Jejunum Ileum SI7 Cecum Colon 
HN1 0.503 1.03 0.839b 2.38 0.389 0.142 
LN2 0.469 1.02 0.825b 2.31 0.358 0.151 
LN+MEC3 0.462 0.95 0.780b 2.19 0.349 0.129 
LN+BA4 0.487 0.98 0.950a 2.42 0.334 0.137 
LN+MEC+BA 0.482 1.07 0.833b 2.39 0.336 0.148 
SEM5 (n = 6) 0.024 0.032 0.0369 0.068 0.0224 0.0072 
P-value 0.77 0.13 0.04 0.19 0.43 0.26 
a–c Within a column, means without a common superscript differ significantly (P<0.05). 
1 HN = High-nutrient (Aviagen recommendation, 2014). 
2 LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3 MEC = Multiple-enzyme complex (Natuzyme Plus). 
4 BA = Butyric acid (C4). 
5 SEM = Standard error of the mean. 
6 BW = Body weight. 
7 SI = Small intestine (duodenum + jejunum + ileum).
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 Starter (1-24 d)  Grower (25-42 d)  Total (1-42 d) 
Diets ADFI6 

(g) 
ADG7 (g)  FCR8 

(g: g) 

 ADFI 
(g) 

ADG (g)  FCR 
(g: g) 

 ADFI 
(g) 

ADG (g)  FCR 
(g: g) 

HN1 54.18 37.35a 1.45  160.7 90.81a 1.77b  99.85 60.26a 1.65b 

LN2 50.87 34.53c 1.47  156.5 80.30c 1.95a  96.14 54.14c 1.77a  
LN+MEC3 53.49 35.81abc 1.49  162.4 87.70ab 1.85ab  100.19 58.05b 1.72ab  
LN+BA4 52.10 35.08bc 1.48  166.3 86.36b 1.93a  101.06 57.05b 1.77a  
LN+MEC+BA 54.00 36.64ab 1.47  157.9 84.74b 1.86ab  98.53 57.26b 1.72ab  
SEM5 (n = 6) 1.158 0.691 0.024  4.26 1.251 0.041  2.21 0.617 0.030  
P-value 0.23 0.05 0.80  0.51 <0.0001 0.05  0.56 <0.0001 0.05  
a–c Within a column, means without a common superscript differ significantly (P<0.05). 
1HN = High-nutrient (Aviagen recommendation, 2014). 
2LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3MEC = Multiple-enzyme complex (Natuzyme Plus). 
4BA = Butyric acid (C4). 
5SEM = Standard error of the mean. 
6ADFI = Average daily feed intake. 
7ADG = Average daily gain. 
8FCR = Feed conversion ratio. 
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Table 4. Effect of dietary inclusion of multiple-enzyme complex, butyric acid and their combination on the relative 

length of intestine of broiler chickens on 42 d 

a–c Within a column, means without a common superscript differ (P<0.05). 
1 HN = High-nutrient (Aviagen recommendation, 2014). 
2 LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3 MEC = Multiple-enzyme complex (Natuzyme Plus). 
4 BA = Butyric acid (C4). 
5 SEM = Standard error of the mean. 
6 BW = Body weight. 
7 SI = Small intestine (duodenum + jejunum + ileum). 

 Relative  length (cm/kg of BW6) 
 Duodenum Jejunum Ileum SI7 Cecum Colon 
HN1 11.14 31.07 31.80 74.01 7.81 2.96 
LN2 12.14 32.15 33.13 77.43 8.06 3.34 
LN+MEC3 11.41 30.81 31.10 73.32 8.07 3.32 
LN+BA4 12.24 33.71 34.76 80.71 8.21 3.55 
LN+MEC+BA 11.61 32.32 33.43 77.36 7.93 3.28 
SEM5 (n = 6) 0.494 1.168 1.023 2.398 0.281 0.168 
P-value 0.47 0.44 0.13    0.22   0.88  0.21 
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 Table 6. Effect of dietary inclusion of multiple-enzyme complex, butyric acid and their combination on production 

index and nutritional profit of broiler chickens

 #���(1) �,-."���  7\K�  � "�G	: f'�� `�-:c�E 7\^(

�,-. -��
 &E#$P( -D  `�  &% 7� ! #���(1) 0�� !	E � !

)001/0P<�,-. , ( #���(1) 0��"��� #�G	( +#Z$( ����)

 ,"���  #���(1) �,-. 1  #�!,�8  ,! -� H�%-: +#Z$(

"��� ) "�!	E -:c�E #Z$(001/0P<(/  #���(1) �,-. �( 

"���  + #Z$(F�-�:	E "�
  #$P( Y,�Z: �,-.  �E 0� !

) 7� "� #Z$( �-�$% #���(1)05/0P>.(   

�,-. -D &�=g: !	
 -E ��� #���(1) 0��#$P( 0  !	E � !

)05/0P<(/ &�	. &E &% 0 #���(1) �,-. "��� #Z$( +

#�G	(����) !	
 &�=g:0  �� , &E��( �,-. �E #BQ


#���(1) "��� 7\^( , 7� ! �,-. #���(1) 0��"��� 

Table 5. Effect of dietary inclusion of multiple-enzyme complex, butyric acid and their combination on 
morphology of duodenum of broiler chickens on d 42 

 VH (µm) VW (µm) CD (µm) VH:CD 
HN1 1979a 255 157 13.1 
LN2 1566b 256 153 10.3 
LN+MEC3 1896a 300 154 12.3 
LN+BA4 1879a 325 158 11.9 
LN+MEC+BA 1737ab 308 162 10.8 
SEM5 (n = 6) 85.8 20.4 9.2 0.89 
P-value 0.01 0.07 0.96 0.20 
a–b Within a column, means without a common superscript differ significantly (P<0.05). 
1 HN = High-nutrient (Aviagen recommendation, 2014). 
2 LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3 MEC = Multiple-enzyme complex (Natuzyme Plus). 
4 BA = Butyric acid (C4). 
5 SEM = Standard error of the mean. 
6 VH = Villus height. 
7 VW = Villus width. 
8 CD = Crypt depth. 
9 VH:CD = Villus height to crypt depth ratio. 

 

  Production index6  Nutritional profit7 

Diets  1-24 d 25-42 d 1-42 d  1-42 d 
HN1  270.0 530.0a 371.1a  6132a 

LN2  246.9 424.4c 310.9c  5647b 

LN+MEC3  251.3 486.3ab 344.2b  6114a 

LN+BA4  247.8 461.8bc 328.2bc  5853ab 

LN+MEC+BA  260.9 469.0bc 339.3b  5914ab 

SEM5 (n = 6)  7.17 15.89 7.84  108.5 
P-value  0.14 0.001 0.0003  0.02 
a–c Within a column, means without a common superscript differ significantly (P<0.05). 
1 HN = High-nutrient (Aviagen recommendation, 2014). 
2 LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3 MEC = Multiple-enzyme complex (Natuzyme Plus). 
4 BA = Butyric acid (C4). 
5 SEM = Standard error of the mean. 
6 Production index = [(livability in percentage ˣ (weight gain + body weight at 1 d in kg))/(period length in days x FCR)] x  100. 
7 Nutritional profit = [live body weight at 42 d in kg x  body weight price in tomans/kg – total feed consumed in kg x feed price in 
tomans/kg] per bird. 
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Table 7. Effect of dietary inclusion of multiple-enzyme complex, butyric acid and their combination on bone 
(tarsometatarsus + toe) ash of broiler chickens 

 Bone ash (%) 
HN1 33.51 
LN2 32.11 
LN+MEC3 33.12 
LN+BA4 33.98 
LN+MEC+BA 34.15 
SEM5 (n = 6) 0.653 
P-value 0.21 
1 HN = High-nutrient (Aviagen recommendation, 2014). 
2 LN5 = Low-nutrient; the concentration of nutrients was 5% lower than those of high-nutrient diets. 
3 MEC = Multiple-enzyme complex (Natuzyme Plus). 
4 BA = Butyric acid (C4). 
5 SEM = Standard error of the mean. 
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Abstract 

The aim of this study was to investigate the effect of dietary inclusion of butyric acid, multi-enzyme or their 
combination on growth performance, intestinal morphology and bone ash percentage of tarsometatarsus and toe in 
broiler chickens. A total of 450 male broiler chicks (Ross 308) were randomly allocated in a completely randomized 
design with five treatments and six replicates and 15 birds in each replicate for 42 days. The experimental treatments 
consisted of T1) a positive control, T2) a negative control (low-nutrient; the concentration of nutrients was 5% lower 
than those of high-nutrient diets), T3) a negative control+ multiple-enzyme complex (Natuzyme Plus), T4) a 
negative control+ butyric acid (Baby C4) and T5) a negative control+ multiple-enzyme+ butyric acid. Average daily 
weight gain increased in positive control (T1) compared to other treatments (P<0.001) and T3, T4 and T5 treatments 
had higher average daily weight gain compared to T2 treatment. Feed conversion ratio in T1 treatment was lower 
than T2 treatment, but other treatments had no significant difference. The T4 treatment caused to increase relative 
ileum weight compared with other treatments (P<0.05). The T3 and T4 treatments caused to increase villus height 
compared to T2 treatment but differences were not significant. Also, T3 and T5 treatments caused to increase 
production index compared to T2 treatment (P<0.001). The higher nutritional profit in T1 and T3 treatments was 
observed compared to T2 treatment (P<0.05). There was no significant difference in percentage of bone ash between 
the treatments (P>0.05). In conclusion, the use of only multi-enzyme was advisable for improving growth 
performance, however, the use of combination of butyric acid and multi-enzyme supplements did not provide 
greater improvement in performance. 
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