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ABSTRACT 
 
A total of 600 day-old Abor Acre  mixed sex broiler were used to evaluate the physiological 
response of starter broiler organs to low energy and low protein diets supplemented with 
multi-enzyme in the humid tropics using four low energy and four low protein treatment 
levels; each treatment level replicated three times. Each treatment level had eleven birds per 
replicate with a 4 x 4 factorial experimental in a completely randomized design. Energy level 
of 3000 kcal and protein level of 23 % was used as the control diet. Multi-enzyme was 
supplemented at 1g/kg of the experimental diet. Results revealed no significant difference on 
the liver and kidney of broilers fed low energy level diets, 2800 kcal metabolizable energy level 
and 18 % CP level significantly (P<0.05) decreased the weights of the gizzard, heart and small 
intestine of starter broilers. Interaction of 3000 kcal metabolizable energy x 18 % CP dietary 
level significantly (P<0.05) reduced the weight of the liver, lungs and small intestine of four-
week old broilers. It was therefore concluded that low energy and low protein diets with multi-
enzyme supplementation reduced organ weight of four-week old broilers, especially the 300 
Kcal metabolizable energy with crude protein of 18 % diet, in a humid tropical environment. 
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INTRODUCTION 
One of the major challenges of livestock farmers in Sub-Saharan Africa appears to be the 
provision of adequate feed for animals [1]. Protein and energy are two important components of 
feed that are determinants of the performance and productivity of farm animals [2]. Protein 
sources for animal feeding are generally more expensive than energy sources such that their 
reduced inclusion level in diets could save the cost of feeds and that of animal production [3]. 
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For broiler production, the regime of dietary protein and energy has been established both in the 
tropics and temperate climates [4]. The performance of broiler chicks were evaluated by Olomu 
and Offiong, who reported that 23% crude protein (CP) with either 2800 or 3000 kcal/kg 
metabolizable energy (M.E.) was adequate as the requirement for starter broiler birds [5], while 
Onwudike [6] recommended 22% CP and 2900 kcal/kg M.E. Fetuga [7] in his own report 
recommended a range of 23 - 24% CP and 2800 – 3000 kcal/kg M.E for starter broiler chicks 
and 19 - 21% CP with same energy level for the finisher phase. On the other hand, Ojewola and 
Longe [4] reported that the feeding of 27% crude protein (which is considered high) in the 
broiler chicks’ starter diet did not support good performance of the birds. 
  
Recently, lower energy and low protein diets have been tried in an attempt at resolving such 
problems of high nutrient density diet, and it has been revealed that overall performance is not 
totally affected. This has led to the inclusion of exogenous enzymes in poultry diets to improve 
nutrient digestibility. With the use of enzymes, it is possible to reduce nutrient levels in diets in 
order to maximize profit and reduce amount lost in faecal matter. In addition nitrogenous 
compounds (proteins) in feeds can be reduced in diets to reduce environmental pollution [8]. 
 
Exogenous enzyme supplements are now widely used in poultry diets in an attempt to improve 
nutrient utilization, health and welfare of birds, product quality and to reduce pollution as well as 
increase the choice and contents of ingredients which are acceptable for inclusion in diets [9]. 
Therefore, this study was aimed at determining the physiological response of starter broiler 
organs to low energy and low protein diets supplemented with multi-enzyme in the humid 
tropics. 
 
MATERIALS AND METHODS   
A total of 600 Abor Acre mixed sex day-old broilers from Nastech hatchery, Ibadan, Nigeria 
were used for this study. The birds were randomly allocated to 16 dietary treatment groups. Each 
treatment was replicated 3 times with 11 chicks per replicate, the treatment groups were 4 levels 
of dietary energy (3000, 2800, 2700 and 2600 kcal ME/kg) and 4 levels of crude protein (23, 20, 
19 and 18 % CP). The same level of Maxi-GrainR multi-enzyme (Polchem Hygiene Laboratories 
Pvt. Ltd India) was added at 1g/kg of the experimental diets. Diet of 3000 Kcal X 23% C.P 
served as control diet. 
 
Brooding was done with kerosene stoves under metal hoovers, while light was provided with 100 
watt electric bulbs for additional five hours at night each day. Water and experimental diets were 
provided ad libitum. Routine vaccination against common diseases including Newcastle disease, 
Gumboro, and Fowl Typhoid and medications were administered to the birds during the 
experiment. The layout of the experimental diets is presented in Table 1. At the end of week 4 
(28 days), 3 birds per replicate were randomly selected, starved over-night but allowed access to 
drinking water, weighed and humanely slaughtered by severing the jugular vein. They were 
thoroughly bled and the internal organs and intestine were dissected out through a slit made 
between the end of the keel bone and the cloacae. 
 
The weights of the heart, liver, kidney, gizzard, spleen and lungs were determined using 
electronic sensitive scale and expressed as percentage of live weight.  
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  Table 1. Layout of broiler starter diets. 
CP/Energy (A)3000Kcal (B)2800Kcal (C)2700Kcal (D) 2600Kcal 
(W) 23 % AW BW CW DW 
(X) 20 % AX BX CX DX 
(Y) 19 % AY BY CY DY 
(Z) 18 % AZ BW CZ DZ 

 
Statistical Analysis  
Data collected were subjected to analysis of variance (ANOVA) for a 4 x 4 factorial experiment 
in a completely randomized design [10]). Differences among treatment means ± Standard Error 
of means were separated using Duncan’s Multiple Range Test at 5 % level of significance [11].  
 
RESULTS 
Effect of energy level  
The effect of low energy on the relative weights of the digestive organs of the broilers is shown 
in Table 2. The liver and kidney of broilers fed low energy diet showed no significant differences 
between the treated and control groups. The lungs, spleen and small intestine of broilers fed 
control diet (3000 kcal/kg diet) were significantly (p < 0.05) lower than those fed lower ME diets 
(2600, 2700 and 2800 kcal ME). Lower values were however recorded in the gizzard and heart 
of broilers fed low energy diets than those fed the control diets. 
 
Protein Effect 
Effect of low protein diet on digestive organs of the broilers is also shown in Table 2.  Kidney of 
broilers fed 19 % CP and 20 % CP were significantly (p < 0.05) lower in weight than those of 
broilers fed 18 % CP diet and control diet fed broilers. A similar trend was noted with the spleen. 
gizzard, heart and small intestine of broilers fed low protein diets had significantly (p < 0.05) 
lower weights than those fed the control diet. 
 

Table 2. Relative organ weights of starter broilers fed low energy diets. 
 
 
 
 
 
 
 
 
 

abcMeans on the same row with different superscripts differ significantly (P<0.05); 
SEM= standard error of mean 

 
Effect of interaction between energy and low Protein 
The results of low energy and low protein interaction with multi-enzyme supplementation on the 
internal organs of four week old broilers are presentenced in Table 2. The liver of broilers fed 
3000 kcal/kg x 18 % CP and 2800 kcal/kg x 19 % CP diet had significantly (p <  0.05) lower 
weights than those fed 2600 kcal/kg x18 % CP diet, as were those of broilers fed 2600 kcal/kg x 

Parameters 3000 kcal 2800 kcal 2700 kcal 2600 kcal SEM 
Liver (%)  1.67  1.64 1.88 1.94 0.10 
Kidney (%)  0.48 0.56 0.50 0.52 0.02 
Lungs (%) 1.36b 1.64ab 1.88a 1.94a 0.10 
Spleen (%) 0.37b 0.56a 0.50a 0.52a 0.02 
Gizzard (%)  0.86a 0.49b 0.48b 0.46b 0.03 
Heart (%)  0.77a 0.07b 0.08b 0.09b 0.02 
Small Intestine (%) 2.89ab 2.62b 3.07ab 3.28a 0.20 
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19 % CP significantly (p <  0.05) lower in weight than those of broilers fed with 2800 kcal/kg x 
23 % CP. Broilers fed with 3000 kcal/kg x 18 % CP had significantly (p < 0.05) lower weight of 
lungs than those fed with 2600 kcal/kg x 18 % CP dietary composition. The spleen of broilers 
fed with 2600 kcal/kg x 19 % CP and 2700 kcal/kg x 20 % CP had significantly lower mean 
values than those fed with 2800 kcal/kg x 23 % CP diet. Gizzard of broilers fed 2600 and 2700 
kcal/kg x 18 % CP dietary composition had significantly lower weight than those fed with the 
control diet (3000 kcal/kg x 23 % CP). Broilers fed low CP diet of 3000 kcal/kg x 19 % CP had 
significantly (p <  0.05) lower heart weight than those fed with the control diet (3000 kcal/kg x 
23 % CP). 
 

Table 3. Relative organ weights of starter broilers fed low dietary crude protein. 
 

Parameters 23%  CP 20% CP 19% CP 18% CP SEM 
Liver (%) 1.88 1.76 1.75 1.73 0.10 
Kidney (%) 0.62a 0.44b 0.45b 0.55a 0.02 
Lungs (%) 1.57 1.76 1.75 1.73 0.10 
Spleen (%) 0.51ab 0.44b 0.45b 0.55a 0.02 
Gizzard (%) 0.90a 0.46b 0.49b 0.44b 0.03 
Heart (%) 0.79a 0.07b 0.08b 0.08b 0.02 
Small Intestine (%) 3.32a 2.86ab 3.10ab 2.61b 0.20 

abcMeans on the same row with different superscripts differ significantly (P<0.05); 
SEM= standard error of mean 

 
DISCUSSION 
The energy:protein ratio of diets has been found to play a prominent role in the performance of 
broiler chicken [12]. However, corn and soybean meals are the major ingredients respectively 
supplying energy and protein in commercial broiler diets because they are generally considered 
to be highly digestible [13]. Meanwhile, the benefit of exogenous enzyme supplementation to 
non-starch polysaccharides rich diets have been well documented 14]. The main effect has 
demonstrated that low energy and low protein diets supplemented with multi-enzyme had no 
effect on the liver of four-week old broilers. This could be attributed to the duration of the study 
and age of the birds; perhaps, the effect could be seen when extended to the overall growth phase 
of the broilers. This result is in line with the findings of Zhu [14] who reported that enzyme 
supplementation had no effect on liver of starter broilers. The broiler group fed 2600 kcal/kg ME 
diet and 18 % CP diet had a significant decrease in their gizzard and heart weights. This decrease 
could be the effect of low nutrient density of the diet, which may have resulted to low digestive 
activity in the small intestine and reduced intestinal surface area which affected the supply of 
nutrients to other parts of the body. According to Wang [15], supplementing exogenous enzyme 
to corn-soybean diet may hydrolyze non-starch polysaccharides, which reduces the secretory 
function of corresponding organs, then; the organ size may decrease. This may also have 
contributed to the reduced weight of the organs studied. 
 
Interaction effect of 2600 kcal/kg x 19 and 18 % CP diets on 28-day broilers showed that the 
kidney, spleen and gizzard decreased significantly. However, in contrast, the weights of the liver 
and lungs were increased. The decreased weight of these organs could be attributed to the effect 
of low protein diets fed to the broilers or inability of the broilers’ intestine to handle the multi-
enzyme in the diets at this stage of growth. Marquardt [16] reported that the degree of 
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improvement obtained by adding enzymes to diet depends on many factors including the type 
and quantity of cereals in the diet, the spectrum and concentration of enzyme used as well as the 
species and age of the animal. In this case, the age of the broilers may have been the factor 
applicable to the report of this study which agrees with that of Marquardt [16]. 
 
Table 4. Effect of interaction between low energy and low protein diets supplemented  
with multi-enzyme on relative organ weights of four-week old broilers. 
 

Parameter 
  

CP (%) 3000 kcal 2800 kcal 2700 kcal 2600 kcal Mean  

Liver (%) 23  1.82ab 2.09ab 1.91ab 1.70b 1.88 
  20  1.77b 1.51bc 1.88ab 1.89ab 1.76 
  19  1.85ab 1.26c 2.01ab 1.90ab 1.75 
  18  1.23c 1.72 b 1.72b 2.26a 1.73 
  Mean ± 

SEM 
1.66± 
CP x E   = 

1.64± 
0.21 

1.88± 1.93±   

Kidney (%) 23  0.50b 0.75a 0.60ab 0.62ab 0.61 
  20  0.45c 0.50b 0.38d 0.45c 0.44 
  19  0.48c 0.44c 0.52b 0.38d 0.45 
  18  0.52b 0.52b 0.53b 0.64ab 0.55 
  Mean  

SEM 
0.48 
CP x E   = 

0.55 
0.05 

0.50 0.52   

Lungs (%) 23  0.58b 2.06ab 1.91ab 1.70b 1.56 
  20  1.77b 1.51bc 1.88ab 1.89ab 1.76 
  19  1.85ab 1.26c 2.01ab 1.90ab 1.75 
  18  1.23c 1.72b 1.72b 2.26a 1.73 
  Mean  

SEM 
1.36 
CP x E   = 

1.63 
0.21 

1.88 1.93   

Spleen (%) 23  0.06d 0.75a 0.60ab 0.62ab 0.50 
  20  0.45bc 0.50b 0.38c 0.45bc 0.44 
  19  0.48bc 0.44bc 0.52b 0.38c 0.45 
  18  0.52b 0.54b 0.53b 0.64ab 0.55 
  Mean  

SEM 
0.37 
CP x E   = 

0.55 
0.05 

0.50 0.52   

Gizzard (%) 23  2.16a 0.49bc 0.46bc 0.47bc 0.89 
  20  0.44c 0.45c 0.51b 0.43c 0.45 
  19  0.48bc 0.50b 0.49bc 0.50b 0.49 
  18  0.37d 0.52b 0.44c 0.44c 0.44 
  Mean  

SEM 
0.86 
CP x E   = 

0.49 
0.06 

0.47 0.46   

Heart (%) 23  2.89a 0.10b 0.09bc 0.09bc 0.79 
  20  0.06bc 0.05c 0.09bc 0.09bc 0.18 
  19  0.01d 0.07bc 0.07bc 0.09bc 0.06 
  18  0.06bc 0.07bc 0.08bc 0.10b 0.07 
  Mean  

SEM 
0.75 
CP x E   = 

0.07 
0.04 

0.08 0.09   

Small int (%) 23  2.89bc 3.30b 3.56ab 3.75a 3.37 
  20  3.15b 2.56bc 2.61bc 3.11b 2.85 
  19  3.35b 2.31c 3.25b 3.50ab 3.10 
  18  2.44c 2.33c 2.89bc 2.78bc 2.61 
  Mean  

SEM 
2.95 
CP x E   = 

2.62 
0.73 

3.07 3.28  

abcMeans on the same row with different superscripts differ significantly (P< 0.05); SEM= Standard error 
of mean; CP x E = Crude protein x Energy. 
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In conclusion, the results of this study showed that multi-enzyme supplementation, especially 
with low energy and low protein diets (3000 kcal ME x 18 % CP and 2600 kcal/kg x 19% CP) 
reduced the weights of the organs studied while increasing those of the liver and lungs. This 
suggests that multi-enzyme supplementation to low energy and low protein diet may be more 
effective to improving the absorption capacity and other functions of these organs.  
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