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Abstract: This study aimed to examine how different energy levels in the same protein affect feed 

intake, body weight gain, and feed conversion. The study used treatments in the form of differences 

in metabolizable energy levels at the same protein level, namely 19%. The feed treatments were as 

follows: T1 = 2800 kcal/kg, T2 = 2900 kcal/kg, T3 = 3000 kcal/kg, and T4 = 3100 kcal/kg. A total of 100 

one-day-old unsexed broiler chickens were divided into four treatments, each of which was 

repeated five times. The feed treatment was administered from 1 to 35 days of age. The experimental 

design used a completely randomized design, followed by Duncan's test. The research parameters 

were feed intake, weight gain, and feed conversion. The results showed that increasing metabolic 

energy reduced feed intake and feed conversion (p<0.05) and increased weight gain (p<0.05). Feed 

intake was lowest at an energy level of 2900 kcal/kg, while weight gain was highest at an energy 

level of 3100 kcal/kg. Broiler performance was optimal at a protein level of 19% and a metabolizable 

energy level above 2900 kcal/kg. 
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1. Introduction 

Energy is an expensive nutritional component in chicken feed formulations, 

especially for broilers [1]. The main sources of energy in feed usually come from 

ingredients such as corn, vegetable oils (soybean oil, palm oil), and wheat, which are 

relatively expensive compared to plant-based protein feed ingredients such as soybean 

meal. Therefore, the metabolizable energy level in the ration greatly determines the total 

feed cost. 

In general, feed energy is defined at several levels: gross energy, digestible energy, 

metabolizable energy, and net energy. For commercial poultry, apparent metabolisable 

energy is commonly used, and apparent metabolisable energy corrected for zero nitrogen 

retention is used more frequently in modern formulations because nitrogen correction 

provides a more consistent comparison between diets and raw materials [2]. 

Chickens, as monogastric animals, have a relatively simple and efficient digestive 

system for digesting carbohydrates, proteins, and fats [3]. Energy for chickens mainly 

comes from carbohydrates and fats in feed, expressed as metabolizable energy [4]. Protein 

is composed of essential and non-essential amino acids, which are utilized for the 

synthesis of body tissues, enzymes, hormones, and other metabolic products [5]. Protein 

Citation:  M. M. D. Utami, N. H. 

D. Larasati, A. C. Dewi, S. 

Mukodiningsih, V. D. Y. B.  

Ismadi, and A. A. Candra, 

“Broiler response to different 

energy levels within the same 

protein levels on feed intake, 

body weight gain, and feed 

conversion”, TEFA, vol. 3, no. 1, 

pp. 1–6, Jan. 2026. 

 

Received: 18-11-2025 

Accepted: 30-12-2025 
Published: 01-01-2026 

 

Copyright: © 2026 by the authors. 

Submitted for possible open 

access publication under the 

terms and conditions of the 

Creative Commons Attribution-

ShareAlike 4.0 International 

License (CC BY SA) license 

(http://creativecommons.org/lice

nses/by-sa/4.0/). 



TEFA 2026, Vol. 3, No. 1 2 of 6 
 

 

and energy have a synergistic relationship: energy is needed to utilize protein, while 

protein is used to build tissue only if energy requirements are met [6]. 

Energy functions include maintaining vital processes, such as heartbeat, respiration, 

blood circulation, as well as muscle activity, movement, body temperature regulation, and 

growth and production of meat and eggs [7]. Metabolizable energy is allocated to the 

following: maintenance of basal metabolism, body temperature regulation, physical 

activity, and synthesis of lean tissue (protein) or fat reserves [8]. Dietary energy, which is 

derived from carbohydrates, lipids, and proteins, makes up the largest proportion of 

poultry diets and has a significant impact on diet costs [9]. 

Chickens exhibit a protein-leverage effect: when their diet contains too little protein, 

they consume more feed than necessary to meet their protein requirements. This results 

in elevated energy intake and fat accumulation. Heat production is especially elevated 

when protein intake is high due to the high heat increment of protein metabolism [10].  

A balanced diet without excessive undigested protein helps to maintain the balance 

of the microbiota in the ileum and caecum and the integrity of the intestinal epithelium 

[11]. Undigested protein in the lower intestine can promote the growth of proteolytic 

microbes and toxic metabolites, which can disrupt the barrier and impair performance. 

Therefore, an adequate supply of digestible amino acids alongside the correct energy 

levels is essential for intestinal health and performance [12]. An excess of energy without 

an increase in protein or amino acids will lead to increased fat deposition, reduced carcass 

efficiency, and higher feed costs per kg of gain [9]. 

Previous studies have shown that broiler chickens can be fed a low-energy, low-

protein diet as long as the energy-to-protein ratio is maintained [13]. However, the specific 

proportions of energy and protein have not been specified. The novelty of this study is to 

evaluate the optimal energy level for the protein recommended by the National Research 

Council, thereby validating the ideal proportions of energy and protein for achieving 

optimal production performance. Understanding the impact of different protein and 

metabolizable energy concentrations in broiler chicken diets is fundamental to achieving 

optimal performance, reducing production costs, and maintaining sustainability in 

poultry production systems. This study aims to explore how broiler chickens respond to 

feed with the same protein content but different levels of metabolisable energy.   

2. Materials and Methods 

The study used 100 one-day-old unsexed broilers, which were divided into four 

groups. Each group was repeated five times. Each repetition consists of five chickens. Each 

experimental repetition was placed in one cage, resulting in 20 treatment cages. The cages 

were open-housed, with curtains used for cover at night and during rain. These treatments 

involved different levels of metabolic energy, all with a protein content of 19%. The levels 

of energy were T1 (2800 kcal/kg), T2 (2900 kcal/kg), T3 (3000 kcal/kg), and T4 (3100 

kcal/kg). The composition of feed ingredients used in each treatment is listed in Table 1, 

while the nutrient composition of each treatment is listed in Table 2.  

The treatments were administered from day one to day 35; the feed and drinking 

water were provided ad libitum. The parameter measured was feed intake, calculated as 

the amount of feed given minus the amount left over, and weighed daily. Weight gain 

was measured weekly from the first to the fifth week, with data compiled over this period. 

Feed conversion was calculated using the ratio of feed intake to weight gain, calculated 

cumulatively over the five weeks [10]. 
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Table 1. The composition of feed ingredients 

Feed Ingredients Protein (%) Metabolizable 

Energy (Kcal/Kg) 

Fat (%) Fiber (%) 

Corn 8.5 3440 3.0 2.78 

Rice Bran  11.2 1860 2.5 7.0 

Coconut Meal 22.0        2120 7.0 15.0 

Fish Meal 40.0        2980 10.0 2.5 

Soybean Meal 38.0        2440 3.5 4.0 

Tofu Pulp 28.0 1800 16 4.5 

         Data Source: Feed Ingredient Composition Table [14] 

Table 2. The Nutrient Composition of Treatments (%) 

Feed Ingredients T1 T2 T3 T4 

Corn             45 50 60 62 

Rice Bran  10          10 0 0 

Coconut Meal 17          10 2 5 

Fish Meal 10          10 12 10 

Soybean Meal 14          20 23 23 

Tofu Pulp 4 0 3 0 

         Data Source: Feed Formulation Calculation 

The data were analyzed using a completely randomized design. Duncan's test was 

then used to check for significant differences (p<0.05) in the means of treatment[15]. 

3. Results and Discussion 

The difference in metabolic energy levels in feed affects the growth performance of 

broiler chickens, as shown in Table 3. The feed plays a crucial role in determining the 

growth performance, health status, and production efficiency of broiler chickens. Energy 

homeostasis is of fundamental importance to the well-being of animals, as well as to the 

feeding of species such as chickens [16]. Efficient, highly productive flocks require 

optimising the balance between energy intake and expenditure, and understanding its 

relationship to production. 

Table 3. Effect of different levels of metabolizable energy on the performance of broiler 

Feed Ingredients T1 T2 T3 T4 

Feed Intake 3228.12±49.45b 3108.68±83.26a 3172.68±89.30ab 3163.94±77.32ab 

Body Weight Gain     1878.56±30.56a     1829.20±40.95a 1874.06±47.08b 1942.62±27.84b 

Feed Conversion         1.72±0.04b      1.70±0.05a      1.69±0.06a      1.63±0.08a 

3.1. Feed intake 

 Dietary energy, which is derived from carbohydrates, lipids, and proteins, makes up 

the largest proportion of poultry diets and has a significant impact on diet costs. It also 

interacts with other nutrients, such as amino acids, to promote efficient and productive 

chicken farming. There is an effect of the ratio of protein content and energy content of 

feed on broiler performance [17]. Chickens eat to meet their energy requirements [10]. 

 Table 3 shows that an increase in energy levels in feed reduces feed intake. The energy 

content of the feed significantly influences feed intake, as animals strive to balance their 

energy intake with their body's energy needs [18]. With low-energy feed, chickens tend to 
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increase feed consumption to meet their daily energy requirements. However, there is a 

limit to this increase, especially when crop capacity is limited. Meanwhile, with high-

energy feed, chickens will reduce feed consumption because their energy requirements 

are met with a smaller amount of feed.  

 Several researchers report that the regulation of feed intake by energy occurs through 

metabolic signals, such as blood glucose levels, free fatty acids, and adenosine 

triphosphate energy in tissues, which can signal satiety or hunger; hormonal regulation 

of leptin, insulin, and ghrelin plays a role in appetite regulation, and body temperature. 

In hot conditions, high-energy feed produces more metabolic heat, and poultry will 

reduce consumption to reduce heat load [18][19][20].  

 Feeds with the same protein content show differences in feed consumption due to 

differences in energy levels. Other factors that modify the effect of energy levels on feed 

consumption, such as the balance between energy and other nutrients (protein, vitamins, 

minerals), which is very important to ensure optimal growth, production, and health of 

chickens [9]. 

3.2. Body weight gain 

 Increasing the energy level in the feed increases body weight (Table 3). Maintaining a 

healthy protein-energy balance is very important. If there is sufficient energy, protein will 

be used optimally for tissue growth [21]. However, if energy intake is low, protein will be 

used as an energy source, thereby reducing tissue synthesis. If energy intake is too high, 

feed intake decreases, resulting in a relative decrease in protein intake and a low 

protein/energy ratio. The protein and energy ratio (P/E ratio) greatly influences growth 

efficiency in broiler chickens. A balanced ratio leads to rapid growth and good feed 

efficiency. An unbalanced ratio leads to nutrient wastage and suboptimal growth [22]. 

 Protein is the main building block for muscle development and tissue synthesis, while 

metabolisable energy provides essential fuel for maintenance, growth, and metabolic 

activities. Changes in dietary protein and energy levels can result in variations in feed 

intake, nutrient utilisation, and weight gain [10]. 

 The metabolizable energy and protein requirements of broilers of different ages and 

strains are met by a balanced formulation. In a balanced diet, nitrogen (N) retention 

increases (more nitrogen enters the tissue), resulting in a decrease in nitrogen output in 

the form of uric acid and volatile NH₃ [23]. This is important for two reasons: feed 

efficiency, less nitrogen is burned for energy and eliminated, and reducing ammonia and 

its environmental impact. Formulations containing synthetic amino acids, which reduce 

crude protein while maintaining the amino acid profile, also help to reduce nitrogen 

excretion when the energy balance is maintained. This occurs at energy levels of 2900 

Kcal/Kg and above.  The result is maximised protein deposition (lean tissue),  reduced 

excess fat deposition and nitrogen excretion, stable feed intake, and improved gut health 

and carcass quality [24]. These improvements occur because the body allocates energy 

more efficiently towards protein synthesis (anabolism) than towards burning or storing 

energy as fat, and because the mechanisms of nutrient sensing and hormones are in 

harmony [15]. 

  

3.3. Feed conversion ratio 

 Metabolizable energy levels starting at 2900 kcal/kg and above reduce feed conversion, 

while simultaneously increasing broiler feed efficiency. As shown in Table 3, feed 

conversion decreased with an increase in the energy content of the feed.  

 The composition of feed is the most important factor in determining the efficiency of 

producing broiler chickens. Among the key nutritional components, dietary protein and 

metabolisable energy levels play a central role in influencing growth performance and 
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feed utilisation [2]. In broiler chickens, protein-energy balance determines growth rate, 

feed conversion ratio, and carcass quality [22]. 

 Protein provides the essential amino acids necessary for muscle development and 

overall growth, while metabolisable energy supplies the fuel needed for maintenance and 

metabolic activities [12]. Variations in the protein and metabolizable energy levels of 

broiler diets directly affect feed intake, nutrient absorption, and energy partitioning. 

These factors then influence the feed conversion ratio [2]. A well-balanced diet with 

optimal levels of both improves the utilisation of nutrients, resulting in better growth rates 

and reduced feed costs. Sufficient energy will ensure that protein is optimally used for 

tissue synthesis, while energy deficiency causes protein to be wasted as an energy source 

 

4. Conclusions 

Imbalances in these nutrients can result in poor feed conversion ratio, slower growth, 

and higher production costs. Therefore, it is crucial to understand the relationship 

between dietary protein, metabolisable energy, and feed conversion when formulating 

feeding strategies for broilers. Broiler performance was optimal at a protein level of 19% 

and a metabolizable energy level above 2900 Kcal/Kg. 
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