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Glutamine (Gln), a conditionally essential amino acid has been documented to aid 

animals under stressful condition which include injury, weaning, infection and 

overcrowding. Reports on the following functions of Gln have been inconsistent hence, 

the need to ascertain this claims and especially under high temperature. Experiments 

were conducted to investigate the effects of dietary supplementation of glutamine (Gln) 

and glutamic acid (Glu) on performance and stress response to high temperature in 

broiler chicken. In experiment 1, day-old (day 1) commercial broiler chicks were fed (i) 

basal diet (control), (ii) basal diet + 0.5% Gln+Glu  or (iii) basal diet + 1% Gln+Glu 

from 1 to 42 days of age under the hot and humid tropical environment. AminoGut 

(Gln+Glu) is a commercial dietary supplement containing a mixture of L-glutamine 

(Gln) and L-glutamic acid (Glu). Weight gain and FCR during the starter (day 1-21) 

and overall (day 1-42) periods improved linearly and quadratically with Gln+Glu 

supplementation when compared to control. Supplementing birds with Gln+Glu 

significantly reduced overall mortality rate. At 21 and 42 days of age, intestinal 

(duodenum and ileum) villi height and crypt depth showed both linear and quadratic 

positive responses to Gln+Glu supplementation. Intestinal amylase activity increased 

linearly and quadratically on day 21, and linearly only on day 42. It was concluded that 

Gln+Glu supplementation was beneficial in improving the growth performance and 

survivability of broiler chickens under the hot and humid tropical environment. 

Experiment 2 was conducted to investigate the effects of Gln+Glu supplementation on 

growth performance and physiological stress response in broilers exposed to cyclic heat 

stress. Day-old commercial broiler chicks were kept in environmentally controlled 

rooms and fed basal diet (control) or basal diet + 0.5% Gln+Glu from 1 to 21 days of 

age. From day 22-42, chicks in one chamber were exposed to 34±1oC for 5 hours daily 

while the other group of chicks remained under 24oC throughout. Weight gain and FCR 

were significantly improved during the starter (day 1-21) and overall (day 1-42) 

periods with Gln+Glu supplementation when compared to control. Supplementing 
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birds with Gln+Glu also significantly reduced mortality rate in birds during the heat 

challenge period. Provision of Gln+Glu to the heat stressed birds resulted in higher heat 

shock protein (HSP) 70 expression and serum acute phase protein ovotransferrin 

concentration (OVT). In conclusion, the beneficial effect of Gln+Glu supplementation 

on performance and survivability of broilers under heat stress could be attributed to 

enhanced HSP 70 and OVT synthesis.   
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Glutamine (Gln),iaitu asid amino perlu, telah didapati dapat membantu haiwan yang di 

dalam keadaan stress, samada disebabkan oleh kecederaan, dipisahkan dengan ibu, 

jangkitan penyakit atau ditempatkan dalam kawasan yang terlalu sempit. 

Walaubagaimanapun, laporan-laporan mengenai fungsi Glutamine tersebut adalah 

tidak konsisten. Oleh itu, adalah perlu untuk membuktikan perkara ini, terutamanya 

untuk keadaan apabila ternakan dipelihara dalam persekitaran yang bersuhu tinggi. 

Kajian-kajian telah dijalankan untuk mengkaji kesan pemberian makanan yang 

dicampurkan dengan glutamine (Gln) dan glutamic acid (Glu) terhadap prestasi ayam 

dan tindak balasnya kepada suhu yang tinggi. Dalam eksperimen 1, ayam komersial 

yang berusia satu hari telah diberi makan samada (i) makanan biasa (control), (ii) 

makanan biasa + 0.5% Gln+Glu, atau (iii)  makanan biasa +1% Glu+Gln, bermula dari 

hari pertama hingga hari ke-42, dan dipelihara dalam persekitaran tropika yang panas 

dan lembap. AminoGut (AG) adalah makanan tambahan komersial yang mengandungi 

campuran L-glutamine dan L-glutamic acid (Gln+Glu). Kenaikan berat badan ayam 

dan FCR ketika fasa permulaan (hari 1-21) dan dalam waktu keseluruhan waktu kajian 

(hari 1-42) adalah lebih baik apabila ayam diberi makanan yang dicampurkan dengan 

Gln+Glu, berbanding apabila diberi makanan biasa sahaja (control). Kadar kematian 

ayam secara keseluruhan juga berkurang apabila ayam diberi makanan yang 

mengandungi campuran Gln+Glu. Aktiviti enzim amylase usus juga telah meningkat 

secara linear dan kuadratik pada hari ke-21, manakala ia meningkat hanya secara linear 

pada hari ke-42. Dapat disimpulkan bahawa penambahan Gln+Glu dalam makanan 

memberi manfaat dalam penambahbaikan prestasi pertumbuhan dan kemampuan ayam 

untuk meneruskan kelangsungan hidup, apabila dipelihara dalam persekitaran tropika 

yang panas dan lembap. Eksperimen 2 dijalankan untuk mengkaji kesan penambahan 

Glu+Gln terhadap prestasi pertumbuhan dan respon fisiologi ayam apabila didedahkan 

kepada tekanan haba berjadual. Ayam berusia satu hari dipelihara dalam bilik suhu 

terkawal dan diberi makanan biasa (control) atau makanan biasa +0.5% Gln+Glu mulai 

hari 1 hingga 21. Dari hari 22-42, ayam di dalam satu bilik tertutup didedahkan kepada 

suhu 34±1oC selama 5 jam setiap hari, manakala kumpulan-kumpulan ayam lain 

dipelihara kekal di bawah suhu 24oC, sepanjang masa kajian. Berbanding diberi 
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makanan biasa sahaja, penambahan Gln+Glu dalam makanan telah memberi kesan baik 

kepada kenaikan berat badan dan FCR, untuk kedua-dua fasa permulaan (hari 1-21) 

dan keseluruhan (hari 22-42). Kadar kematian ayam yang dipelihara dalam keadaan 

bersuhu tinggi juga telah berkurang apabila ayam diberi makanan yang dicampurkan 

dengan Gln+Glu. Penambahan Gln+Glu dalam makanan ayam yang didedahkan 

kepada tekanan haba telah menyebabkan kenaikan ‘heat shock protein’ (HSP) 70 dan 

serum ‘acute phase protein ovotransferrin’ (OVT). Kesimpulannya, penambahan 

Glu+Gln dalam makanan ayam amat bermanfaat kepada prestasi dan kemampuan ayam 

untuk meneruskan kelangsungan hidup apabila dipelihara dalam tekanan haba, dengan 

cara peningkatan pengeluaran HSP 70 dan OVT.  
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CHAPTER 1 

GENERAL INTRODUCTION 

Feed additives are commonly used in the poultry industry to enhance growth 

performance, health and well-being. Supplementing poultry diets with specific 

functional amino acids have been widely investigated (Windisch et al., 2007). 

Recently, there is a lot of interest in glutamine, a non-essential amino acid, as a feed 

supplement for poultry. 

 

L-glutamine (Gln), an abundant amino acid in the body, has been traditionally 

considered a non-essential amino acid but is now regarded as a conditionally essential 

nutrient in animals under stressful conditions such as infection, injury, weaning and 

heat stress(Dai et al., 2011; Lara and Rostagno, 2013). Gln is an important precursor 

for the synthesis of amino acids, nucleotides, nucleic acids, amino sugars, proteins, and 

many other biologically important molecules (Souba, 1990). Gln is a major energy 

substrate for rapidly dividing cells (including enterocytes and lymphocytes) and other 

cells, providing ATP for intracellular protein turnover, nutrient transport through the 

plasma membrane, cell growth and migration, as well as the maintenance of cell 

integrity (Li et al., 2007). Gln has so many functions in both animal and man, part of 

which include; standing against bacteria attack and mucosa structure maintenance 

(Khan et al., 1999). Inoue et al. (1993) reported that Gln supplementation stimulates 

gut mucosa proliferation in rats. It also helps in maintaining gut integrity (Menconi et 

al., 2013). 

 

Dietary amino acids in excess of the amounts needed for growth and maintenance of 

protein turnover are preferentially degraded over carbohydrates and lipids since 

animals cannot store these excess amino acids (Campbell, 1991). Metabolism of 

carbohydrates and lipids forms essentially a single waste product, carbon dioxide, 

while amino acid degradation also releases nitrogen as ammonia, a relatively toxic 

molecule (Cooper and Plum, 1987). Whereas aquatic species can excrete ammonia 

directly, semi aquatic and terrestrial animals detoxify ammonia, at a considerable 

energetic cost, through the synthesis of urea (mammals) or uric acid (birds) or urea and 

uric acid (reptiles). 

 

According to Wu et al. (2007), Gln participates in many key metabolic processes such 

as protein synthesis, gluconeogenesis, inter-organ nitrogen transfer, nucleic acid 

biosynthesis and immune response. Gln supplementation also enhances anti-oxidative 

function and cell proliferation in the small intestine (Sakamoto et al., 2014). Many 

benefits have been observed due to Gln supplementation in the diet of humans and rats. 

However, little research has been done in livestock and poultry (Dai et al., 2009). 

Dietary Gln supplementation as reported by Wu et al. (2007), prevented jejunal atrophy 

in early-weaned piglets during the first week post-weaning and improved growth 

performance. Yi et al. (2001) reported that supplementing 1% Gln improved weight 

gain (WG) and feed conversion ratios (FCR) of turkey poults. Additionally, providing 

1% Gln to chickens increased villus height of the small intestines (Murakami et al., 

2007) and improved resistance to Eimeria maxima challenges (Yi et al., 2005). 

 

L-glutamic acid or glutamate is produced from Gln by glutaminase in the small 

intestine (Wu, 1998). Dietary Gln is a specific precursor for the intestinal synthesis of 

glutathione, arginine and proline (Reeds et al., 1996; Wu and Morris 1998). Thus, 
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supplementation of Gln in animal diet during stressful conditions is of critical 

importance in intestinal metabolism and physiology (Shizuka et al., 1990; Wu et al., 

2004; Wang et al., 2009). Dai et al. (1999, 2011) reported that dietary Gln 

supplementation improved broiler performance during heat stress conditions. 

 

Physiological stress such as high temperature could cause protein folding, protein 

damage, cellular injury and even death (Wischmeyer, 2002). Cells have developed 

some protective mechanisms to promote their survival during heat stress (HS) by 

synthesis of a group of polypeptide family of proteins called heat shock proteins (HSP). 

Gln has been documented to enhance heat tolerance (Nissim et al., 1993) and feeding 

of Gln was reported to increase HSP 70 expression. HS results in activation of the 

hypothalamic-pituitary-adrenal (HPA) axis activity and increases circulating  

corticosterone and heterophil and lymphocytes ratio (HLR), the common indices of 

physiological stress in avian species (Altan et al., 2003; Costa-Pinto and Palermo-Neto, 

2010). It is well established that heat stress can reduce performance parameters such as 

feed intake, weight gain and feed efficiency in chickens (Donkoh, 1989; Siegel, 1995; 

Dai et al., 2009). According to Mitchell and Carlisle, (1992), and Quinteiro-Filho et al. 

(2010), HS reduced intestinal villi height and the wet and dry weights of jejunum. 

Teeter and Belay (1996) reported that chicken tends to manage HS by increasing the 

physiological processes responsible for heat dissipation including elevated body 

temperature, panting and respiratory alkalosis and the physiological processes directed 

at decreasing heat production. Another group of proteins that come to play during 

physiological stress is acute phase protein. 

 

Acute phase proteins (APP) are a group of blood proteins that change in concentration 

when animals were subjected to external and internal challenges such as infection, 

tissue injury and inflammation.(Murata et al., 2004). These set of proteins’ 

concentrations may increase (positive acute phase proteins) up to 25% and may 

decrease (negative acute phase proteins) during inflammatory conditions. There is now 

evidence that stress may also induce APP reaction in poultry. Recent work by Zulkifli 

et al. (2014) showed that administration with exogenous corticosterone elevated serum 

levels of acute phase proteins (APP) in broiler chickens. Overcrowding stress has been 

shown to increase serum levels of APP alpha-1 acid glycoprotein, ceruloplasmin and 

ovotransferrin in broilers (Shakeri et al., 2014). According to Tirziu (2009), APP works 

by natural defense mechanism networks through rehabilitating homeostasis, decreasing 

damages intensity, amplifying resistance, and opsonization. 

 

Many benefits of Gln supplementation in the diets of humans (Medina, 2001; 

Newsholme, 2001; Andrew and Griffiths, 2002), pigs (Kitt et al., 2002), rats (Inoue et 

al., 1993), and mice (Adjei et al., 1994) had been reported. There is, however, a dearth 

of documented work on L-glutamine and L-glutamic acid in poultry. The present work 

focused on evaluating the effect of Gln+Glu supplementation on performance, 

intestinal morphology, and stress response of broiler chickens under heat stress 

condition. 

 

1.1 Justification 

 

Recent studies in poultry investigated the effect of supplementing Gln alone and the 

recommended duration of supplementation is not clear. Bartell and Batal (2001) 

reported that feeding 1% Gln for 21 days significantly improved the body weight and 

intestinal villi length in chickens. On the contrary, Ebadiasl (2011) reported that 
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feeding 1% Gln for 28 days has no significant effect on the performance of broiler 

chickens. Gln+Glu supplementation works in the intestine and had direct effects on 

enterocytes (Wu, et al., 2015). However, recent work by Shakeri et al. (2014) showed 

that supplementing broilers with Gln+Glu for 1-21 and 1-42 days had negligible effect 

on growth performance but improved the survivability rates of heat-stressed broiler 

chickens raised at different stocking densities. Hence, it is necessary to ascertain the 

effect of Gln+Glu supplementation on broiler chickens under heat stress condition. 

This work will ascertain appropriate dosage of Gln+Glu for optimal performance in 

broiler chicken and also study the works of Gln+Glu in the system of broiler as it 

concern heat stress condition. 

1.2  General objective 

To investigate the effect of dietary supplementation of Gln+Glu on performance and 

physiology of broiler chickens raised under hot environment (temperature higher than 

thermoneutral zone 24oC and relative humidity 60-80%). 

 

i.  To determine the effect of dietary supplementation of Gln+Glu on the 

performance, intestinal morphology and amylase activity in broiler 

chickens under the hot humid tropical condition 

 

ii.  To investigate the effect of Gln+Glu supplementation during the starter 

period on heat shock protein (HSP) and acute phase protein (APP) 

reaction to heat stress in broiler chickens. 
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