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Feeding amino acids (AA) fortified low-protein diets is of interest to poultry 
nutritionists because of the ability to reduce feed cost, environmental pollution, and 
effect of heat stress on birds. However, it is still unclear to what extent the AA 
fortification can replace the crude protein (CP) without affecting the broiler 
performance, especially under high environmental temperatures. Hence, this study 
aimed at determining the effect of using crystalline AA to lower CP in broilers diets 
on growth performance, carcass characteristics, internal organs weights, blood 
metabolites, and physiological responses of broilers under high environmental 
temperatures. Five experiments were conducted; Experiments 1 through 3 were 
conducted with day-old male broilers under the tropical climate (22-33°C and 70-
90% relative humidity) from 1-21 days (starter period). 
 
 
In Experiment 1, five isocaloric diets were formulated in a gradual CP decline from 
22.2% to 16.2% at 1.5% intervals. Weight gains (WG) were suppressed by feeding 
16.2 and 17.7% CP. Feeding 16.2% CP reduced serum total protein (TP), uric acid 
(UA), and increased triglyceride (TG). Heart weights increased but no changes in 
liver and abdominal fat weights.  
 
 
Experiment 2, the ability of non-essential amino acids (NEAA) or further essential 
amino acids (EAA) fortification to overcome the poorer performance in birds fed 
16.2% CP was evaluated. Five diets were formulated: (i) 22.2% CP (positive control; 
PC) (ii) 16.2% CP + all EAA to meet the requirements, negative control (NC) (iii) 
through (v) were obtained by supplementing NC diet with EAA, NEAA, or 
EAA+NEAA to equal the AA levels in the PC, respectively. Fortification with EAA 
alone, only improved FI, whereas, NEAA or EAA + NEAA enhanced the WG and 
FI.  
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Experiment 3 was conducted to find out whether all NEAA or a single NEAA was 
behind the restored performance in experiment 2. Eight diets were formulated: (i) 
PC; (ii) NC; (iii) NC + glycine (Gly); diets (iv) through (vii) were obtained by 
supplementing NC diet with individual glutamic acid, proline, alanine, or aspartic 
acid, respectively; (viii) NC + all NEAA. Among individual NEAA, only Gly had 
the potential to improve the growth performance of birds.  
 
 
In Experiment 4,  an equal number of male and female broilers were assigned to five 
diets (PC, NC, and more three diets obtained by supplementing the NC diet with 
higher Gly concentrations) for a starter and grower (22- 42 days) feeding periods 
under tropical climate. No significant diet × gender interaction was observed for all 
the parameters measured. Results for WG and FI showed that birds were more 
responsive to additional Gly fortification during grower period, where a significant 
linear response to improving WG and FI was observed with increasing Gly levels. 
Diet effect was significant for performance parameters, proportional liver and 
abdominal fat weights, TG and UA, and litter moisture and nitrogen contents. The 
gender effect was significant for performance parameters, abdominal fat, and litter’s 
moisture and nitrogen.  
 
 
In Experiment 5, from 1 – 21 days, an equal number of birds were fed either (i) a 
normal-protein diet or (ii) Gly fortified low-CP diet, under optimum temperatures. 
On day 22, the total birds from the starter period were redistributed into 12 
treatments in a 4 × 3 factorial arrangement {(4 diets: (i) normal-protein during the 
starter and grower periods, NPNP; (ii) normal-protein during the starter and low-CP 
diet during the grower period, NPLP; (iii) low protein-CP diet during the starter and 
normal-protein during the grower, LPNP; (iv) low-CP diets during both periods, 
LPLP)} × {(3 thermal treatments (i) unheated, constant 23±1°C; (ii) cyclic heated, 
cyclic 34±1°C for 7 hours; and (iii) constant heated, constant 34±1°C)}. During the 
starter period, feeding low-CP diet resulted in growth performance equal to those 
birds fed normal-protein diet. During the grower period, there were significant diet × 
temperature interactions for growth performance, intestinal morphology and 
microbial, and triiodothyronine (T3) parameters. Feeding low-CP diet under constant 
heat stress resulted in poorer growth performance; lower intestinal Lactobacillus and 
higher Clostridium; as well as lower T3. On contrast, feeding low-CP diet under 
unheated, and cyclic heat stress resulted in growth performance; intestinal microbial 
populations and morphology parameters equally well to those fed normal-protein diet 
as well as higher T3.  
 
 
Together, it can be concluded that by using EAA, protein in broilers starter diet can 
be reduced to 19.2% under tropical climate. The addition of extra EAA may not 
improve the suppression in performance. However, fortification with Gly may 
improve but not support overall standard growth performance under tropical climate. 
The Gly fortified low-CP diets can be fed to broilers under acute heat stress without 
any adverse effects.  
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Pemakanan diet rendah protein yang diperkaya asid amino (AA) adalah menarik 
minat pakar pemakan ayam kerana kemampuannya untuk mengurangkan kos 
makanan, pencemaran alam sekitar, dan kesan tegasan haba kepada burung. Walau 
bagaimanapun, ia masih tidak jelas sejauh mana kebolehan AA menggantikan 
protein mentah (CP) tanpa menjejaskan prestasi ayam pedaging, terutamanya di 
bawah suhu sekitar yang tinggi. Oleh itu, kajian ini bertujuan menentukan kesan 
penggunaan kristal AA dalam diet rendah CP terhadap prestasi pertumbuhan, ciri-ciri 
karkas, berat organ-organ dalaman, metabolit darah, dan tindak balas fisiologi ayam 
pedaging di bawah suhu ambien yang tinggi. Lima eksperimen telah dijalankan; 
Eksperimen 1, 2 dan 3 telah dijalankan dengan ayam jantan satu hari dalam iklim 
tropika (22-33 °C dan 70-90% kelembapan relatif) dari 1–21 hari (fasa pemula).  
 
 
Dalam Eksperimen 1, lima diet isokalorik telah dirumuskan dan mengandungi CP 
yang dikurangkan dari 22.2% ke 16.2% dengan selang 1.5%. Penambahan berat 
(WG) telah disekat dengan memberi makan 16.2 dan 17.7% CP. Pemakanan 16.2% 
CP mengurangkan jumlah protein (TP), asid urik (UA), dan meningkatkan 
trigliserida (TG) dalam serum. Berat jantung meningkat tetapi tiada perubahan pada 
berat hati dan lemak pada bahagian abdomen. 
 
 
Dalam Eksperimen 2, kebolehan asid amino tidak perlu (NEAA) atau penambahan 
asid amino perlu (EAA) untuk mengatasi prestasi buruk pada burung yang diberi 
makan 16.2% CP telah dinilai. Lima diet telah dirumuskan: (i) 22.2% CP (kawalan 
positif; PC) (ii) 16.2% CP + semua EAA untuk memenuhi keperluan (kawalan 
negatif; NC) (iii) hingga (v) telah diperolehi dengan menambah diet NC dengan 
EAA, NEAA, atau EAA + NEAA untuk menyamai tahap AA dalam PC, masing-
masing. Penambahan dengan EAA, hanya memperbaiki FI, manakala, NEAA atau 
EAA + NEAA meningkatkan WG dan FI.  
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Eksperimen 3 telah dijalankan untuk mengetahui sama ada semua NEAA atau 
NEAA secara individu yang menyumbang kepada prestasi dalam eksperimen 2. 
Lapan diet telah dirumuskan: (i) PC; (Ii) NC; (Iii) NC + glycine (Gly); diet (iv) 
melalui (vii) telah diperoleh dengan penambahan diet NC dengan asid glutamik, 
proline, alanine, atau asid aspartik secara individu, masing-masing; (Viii) NC + 
semua NEAA. Antara setiap NEAA, hanya Gly mempunyai potensi untuk 
meningkatkan prestasi pertumbuhan ayam.  
 
 
Dalam Eksperimen 4, ayam pedaging jantan dan betina dengan jumlah yang sama 
telah diberikan lima diet (PC, NC, dan tiga lagi diet diperolehi dengan penambahan 
diet NC dengan kepekatan Gly lebih tinggi) untuk fasa pemula dan penggemuk (22- 
42 hari) dan dipelihara di bawah iklim tropika. Tiada interaksi ketara antara diet × 
jantina untuk semua parameter yang diukur. Keputusan untuk WG dan FI 
menunjukkan bahawa burung adalah lebih responsif kepada penambahan Gly dalam 
fasa penggemuk, di mana tindak balas linear yang signifikan diperhatikan apabila 
peningkatan WG dan FI dengan  berlakunya peningkatan tahap Gly. Kesan diet 
adalah ketara untuk parameter prestasi, berat hati dan lemak di bahagian abdomen, 
TG dan UA, dan kelembapan sarap dan kandungan nitrogen. Kesan jantina adalah 
penting untuk parameter prestasi, lemak di bahagian abdomen, dan kelembapan 
sampah dan nitrogen. 
 
 
Dalam Eksperimen 5, dari 1-21 hari, ayam dengan jumlah yang sama diberi makan 
sama ada (i) diet protein normal atau (ii) diet rendah-CP diperkaya Gly, pada suhu 
optimum. Pada hari ke 22, jumlah burung dari fasa pemula telah diagihkan semula 
kepada 12 rawatan dalam susunan 4 × 3 faktorial {(4 diet: (i) normal protein semasa 
fasa pemula dan penggemuk, NPNP; (ii) normal protein pada fasa pemula dan diet 
rendah-CP pada fasa penggemuk, NPLP; (iii) diet rendah protein-CP pada fasa 
pemula dan normal protein pada fasa penggemuk, LPNP; (iv) diet rendah CP semasa 
kedua-dua fasa, LPLP)} × {(3 rawatan haba (i) tidak panas, 23±1°C berterusan; (ii) 
kitaran panas, kitaran 34±1°C selama 7 jam; dan (iii) panas berterusan, 34±1°C)}. 
Dalam fasa pemula, diet rendah-CP menyebabkan prestasi pertumbuhan sama 
dengan ayam diberi makan diet normal-protein. Dalam fasa penggemuk, terdapat 
interaksi ketara antara diet × suhu terhadap parameter prestasi pertumbuhan, 
morfologi usus dan mikrob, dan triiodothyronine (T3). Pemberian makan diet rendah-
CP pada tekanan haba menyebabkan prestasi pertumbuhan yang buruk; Lactobacillus 
usus lebih rendah dan Clostridium yang lebih tinggi; serta T3 yang lebih rendah. 
Sebaliknya, pemberian makan diet rendah-CP diperkaya suhu tidak panas dan panas 
secara kitaran menyebabkan parameter prestasi pertumbuhan; populasi mikrob dan 
morfologi usus sama baik dengan ayam yang makan diet normal-protein serta T3 
yang lebih tinggi. 
  
 
Kesimpulan yang boleh dibuat adalah dengan menggunakan protein EAA dalam diet 
pemula ayam daging boleh dikurangkan kepada 19.2% di bawah iklim tropika. 
Penambahan EAA tidak meningkatkan prestasi. Walau bagaimanapun, penambahan 
dengan Gly boleh memperbaiki, tetapi tidak menyokong standard prestasi 
pertumbuhan di bawah iklim tropika. Diet rendah-CP yang diperkaya Gly boleh 
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diberikan kepada ayam daging di bawah tegasan haba akut tanpa apa-apa kesan 
buruk.  
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CHAPTER 1 

 

 

GENERAL INTRODUCTION 

  

 

Poultry production, among other agricultural industries, has expanded significantly in 

the last few decades. In the tropics, demand for poultry meat and eggs is expected to 

be much higher as a consequence of the expected increase in human population. 

However, as of late, the prices of corn and soybean meal, which are the main 

ingredients in most poultry diets, have sharply increased due to higher international 

poultry product demand and competition with other industries such as biofuel 

production. Therefore, the increasing prices of imported feedstuffs and the hot 

temperatures throughout the year will affect the potential growth of the poultry 

industry in many tropical countries. Competitive feeding strategies such as using 

cheaper local or imported feed ingredients or dilution of dietary crude protein (CP) 

by supplementation of synthetic amino acids (AA) can decrease the production cost. 

Besides, lowering CP has a particular advantage for producers in the tropical region. 

It is well-established that heat increment of CP is highest compared to fat and 

carbohydrate (Musharaf and Latshaw, 1999). Thus, lowering CP can potentially 

alleviate heat stress (HS) adverse effects on poultry performance (Waldroup, 1982; 

Zaman et al., 2008). Therefore, poultry nutritionists are continuously optimizing 

formulations by supplementing various types and concentrations of AA to low-CP 

diets. The application of low-CP, AA-supplemented diets may also reduce 

environmental pollution by decreasing nitrogen (N) excretion. 

 

 

Broiler chickens require a precise and balanced amount of essential amino acids 

(EAA) and nitrogen to synthesize protein and non-essential amino acids (NEAA), 

rather than CP per se (NRC, 1994). The early use of synthetic feed-grade EAA such 

as methionine and lysine (the first and second limiting amino acids in corn-soybean 

diets) contributed to the reduction of CP and savings in cost. In last decade, work by 

Corzo et al. (2005); Dean et al. (2006) and Ospina-Rojas et al. (2014) suggested that 

when low-CP diet supplemented with a mixture of NEAA, it enhanced the growth 

performance of birds. Some other authors even reported similar enhancement by 

fortification with only single NEAA such as glycine and glutamic acid in both 

broilers and layers (Dean et al., 2006; Bezerra et al., 2015). However, all these 

studies have been conducted under temperate conditions, and no data is available 

specific to the hot and humid condition. It is reported that high environmental 

temperature may affect the nutrient requirement of birds and CP and AA digestibility 

of diet (Zuprizal et al., 1993; Ojano-Dirain and Waldroup, 2002b; Soleimani et al., 

2010). Heat stress  is known reduce  growth performance and extend the time to 

reach to the marketing weight (Teeter and Belay, 1996; Hai et al., 2000; Ahmad and 

Sarwar, 2005).  

 

 

The exact mechanism underlying the impaired growth performance in birds fed with 

excessively low CP diets is not clear yet. Furthermore, adding the environmental 

temperature factor to the puzzle may complicate the solution. To date, there is no 

agreement on the extent of reducing CP level by AA supplementation in that growth 
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performance remains unchanged. Thus, current studies designed to elucidate the 

extent of feeding low-CP, AA-supplemented diets to broiler chickens reared under 

high environmental temperatures. 

 

 

The specific objectives were: 

 

(i) To determine the effect of varying low-protein diets on growth 

performance, selected serum metabolites, weight of organs, and 

abdominal fat of broiler chickens during starter period (1 – 21 d), under 

the hot and humid tropical condition. 

(ii) To evaluate the growth performance, selected serum metabolites, organs 

weight, breast yield, and abdominal fat of broiler chickens fed low-

protein diets fortified with varying levels of essential or non-essential 

amino acids under the hot and humid tropical condition. 

(iii) To examine the influence of individual non-essential amino acids 

fortification of low-protein diets on growth performance, selected serum 

metabolites, organ weight, breast yield, and abdominal fat in broiler 

chickens under the hot and humid tropical condition.  

(iv) To investigate the influence of different levels of glycine fortification to 

low-protein diets on growth performance, carcass yield, the relative 

weight of organs and abdominal fat, selected serum metabolites, and litter 

characteristics of male and female broiler chickens under the hot and 

humid tropical condition. 

(v) To evaluate the effect of feeding glycine fortified low-protein diet on 

growth performance, intestinal morphology and microbial population, 

physiological stress indicators, and triiodothyronine in broiler chickens 

reared under cyclic or constant  high environmental  temperatures. 
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