
 

 

 

The Role of Tryptophan Supplementation 

in Enhancing Gut Health, Antioxidant 

Activity, and Reproductive Performance in 

Broiler and Broiler Breeder Chickens 

Review Article 

Abstract 
Tryptophan (Trp) is an essential amino acid in broiler nutrition with roles 

extending beyond protein synthesis. As a precursor for serotonin, melatonin, 

and niacin, Trp supports gut health by enhancing motility, villus morphology, 

tight junction integrity, and promoting beneficial microbiota while suppressing 

pathogens. Its conversion to melatonin improves antioxidant capacity by 

increasing superoxide dismutase, catalase, and glutathione peroxidase activities, 

reducing oxidative damage in muscle, and improving meat quality by lowering 

drip loss and the incidence of pale, soft, and exudative (PSE) meat. Trp also 

mitigates heat stress by modulating the hypothalamic–pituitary–adrenal axis, 

reducing circulating stress hormones, and decreasing heat shock protein 

expression. Through the kynurenine pathway, Trp metabolism enhances 

immune function by supporting lymphocyte activity, cytokine production, and 

maintaining intestinal IgA levels even under toxin exposure such as ochratoxin 

A. However, excessive supplementation may provoke local inflammatory 

responses, underscoring the need for precise dietary balance. These mechanisms 

highlight Trp’s multifaceted role as both an essential nutrient and a functional 

feed additive that can improve growth performance, health, and welfare in 

modern broiler production systems. 
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INTRODUCTION 

 
Over the past several years, the growth 

performance of modern commercial broiler 

strains has continued to improve due to 

advances in genetic selection (Choi et al., 2023). 

From 1957 to 2005, broiler growth increased by 

over 400%, with a 50% reduction in feed 

conversion ratio (Zuidhof et al., 2014). This 

translates to a 3.30% annual increase in 42-day 

live body weight and a 2.55% yearly decrease in 

feed conversion ratio. Such improvements are 

likely to affect the maintenance and growth 

requirements for amino acids.  

Among these, Trp stands out as an amino acid 

with a range of beneficial effects and a wide 

variety of metabolic activities pada ayam 

broiler (Corzo, 2012). Because its concentration 

in organisms is among the lowest of all amino 

acids, it can easily play a rate-limiting role in 

protein synthesis. 

Beyond its role in protein synthesis, tryptophan 

serves as a precursor for serotonin, melatonin, 

and niacin, influencing numerous 

physiological processes (Davidson et al., 2022). 

Recent studies have highlighted Trp's potential 

to modulate gut integrity, reduce oxidative 

stress, and support reproductive functions in 

broilers (Ouyang et al., 2022). This article 

reviews the current understanding of Trp’s 

roles in broiler, with an emphasis on its impact 

on performance, antioxidant capacity, stress 

responses, meat quality, and immune response. 

 

DATA SOURCES 
 

A comprehensive literature search was 

conducted using databases such as PubMed, 

Scopus, and Web of Science, focusing on 

studies published between 2010 and 2025. 

Keywords included "tryptophan," "broiler," 

"broiler breeder," "antioxidant," "gut health," 

and "reproduction." 

 

TRYPTOPHAN SOURCES 

 

Tryptophan is an essential amino acid naturally 

present in various plant-based food sources, 

particularly legumes and seeds such as 

cashews, walnuts, peanuts, almonds, sesame 

seeds, pumpkin seeds, sunflower seeds, and 

soybeans (Strasser et al., 2016; Nayak et al., 

2022). In poultry nutrition, Trp is classified as 

the third limiting amino acid after methionine 

and lysine (Galili et al., 2016). Although 

commercial cereal grains such as corn and 

wheat are frequently used as primary energy 

sources in broiler diets, their Trp content is 

relatively low (Bolarinwa and Adeola, 2012; 

Barua et al., 2021; Khalil et al., 2021). To meet 

the birds’ nutritional requirements for this 

amino acid, supplementation with synthetic 

Trp is a common practice in feed formulation. 

Nevertheless, the use of synthetic Trp often 

faces economic challenges due to its higher cost 

compared to conventional feed ingredients 

(Friedman, 2018). 

 

REQUIREMENTS AND OPTIMAL 

DOSAGE OF TRYPTOPHAN IN 

BROILER CHICKENS 
 

Tryptophan is an essential amino acid that 

plays a critical role in broiler feed formulation. 

Trp deficiency has wide-ranging impacts, not 

only reducing growth performance and feed 

efficiency but also impairing protein 

deposition, worsening feed conversion, and 

lowering carcass yield and reproductive quality 

(Fouad et al., 2021). Layers and broiler breeders 

fed Trp-deficient diets have shown reduced egg 

production, egg weight, fertility, and 

hatchability (Cardoso et al., 2014; Jiang et al., 

2018). In broilers, these negative effects 

manifest as stunted growth and reduced 

carcass quality (Pan et al., 2013; Wang et al., 

2016). 

The requirement for Trp depends significantly 

on the growth phase and sex of the birds. 

During the starter phase, the optimal level is 

estimated at approximately 0.18% (Javed, 2020), 
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rising to around 0.198% during the subsequent 

grower phase, and declining again to 

approximately 0.16% between 42 and 56 days of 

age (Lisnahan and Nahak, 2020). Interestingly, 

several studies have reported that increasing 

dietary Trp levels to 0.23–0.30% can enhance 

feed intake, average daily gain, and feed 

conversion efficiency (Cortamira et al., 1991; 

Dong and Zou, 2017). 

Apart from the dose of Trp that needs to be 

considered, achieving a proper balance 

between Trp and other amino acids such as 

lysine is crucial for supporting optimal growth. 

For example, research on Ross 208 broilers aged 

20–40 days found that a Trp-to-lysine ratio of 

19% produced the best outcomes in terms of 

body weight gain and feed efficiency (Wecke 

and Liebert, 2013). However, a range of 17–19% 

is generally considered adequate, with even 

lower ratios around 16.6% still supporting 

satisfactory growth performance (Corzo, 2012). 

On the other hand, not all studies have shown 

consistent results. Some research has found that 

increasing Trp levels (0.5-0.24%) in the diet 

does not always significantly affect carcass 

parameters such as breast, thigh, and wing 

weights (Duarte et al., 2013; Mund et al., 2020). 

This variability appears to be influenced by 

multiple factors, including diet composition, 

the birds’ physiological status, and nutrient 

interactions. Even when dietary Trp levels were 

increased to 1.5–3 times the recommended 

requirement, meaningful improvements in 

performance were not always observed (Goo et 

al., 2019; Wang et al., 2014). Nevertheless, some 

reports indicate that performance 

improvements can be achieved when 

supplementation is targeted during the starter 

phase, particularly at doses 0.5–2.5 times the 

requirement (Emadi et al., 2011; Mund et al., 

2019). 

 

EFFECTS OF TRYPTOPHAN ON 

BROILER PERFORMANCE 

 

Tryptophan is an essential amino acid that 

plays a central role in various physiological 

processes in broiler chickens, particularly in 

supporting growth, metabolic efficiency, and 

stress resilience (Fouad et al., 2021). Optimal 

dietary availability of Trp has been linked to 

improved egg production, enhanced egg 

quality, and higher chick viability, especially in 

broiler breeders (Jiang et al., 2018). 

Increased body weight and feed conversion 

ratio (FCR) were also recorded in broilers with 

0.3% and 0.5% Trp supplementation (Mund et 

al., 2020). These positive effects are largely 

mediated through Trp’s ability to stimulate the 

secretion of growth-related hormones such as 

insulin and insulin-like growth factor I (IGF-I), 

thereby supporting anabolic processes and 

tissue growth (Dukes et al., 2015). Trp also 

activates the mTOR signaling pathway and 

enhances the expression of amino acid 

transporters such as SLC6A19 and SLC6A14, 

which facilitate protein synthesis and muscle 

accretion (Wang et al., 2015; Timosenko et al., 

2016). 

Tryptophan also plays a crucial role in 

maintaining gut health and promoting 

physiological performance in poultry through 

serotonin biosynthesis (Javed, 2020). Serotonin, 

synthesized from Trp in the gastrointestinal 

tract, is known to enhance intestinal motility 

and secretion, while Trp-derived metabolites 

such as indole derivatives contribute to 

mucosal integrity and regulate local immune 

responses (Wang et al., 2015). These effects 

improve intestinal morphology, evidenced by 

increased villus height, higher villus-to-crypt 

ratios, and upregulation of tight junction 

protein expression, all of which reflect 

enhanced nutrient absorption capacity and 

epithelial barrier function. This benefit has also 

been observed under low-protein diet 

conditions, where Trp supplementation 
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mitigated growth performance losses and 

promoted feed intake (Sato et al., 2021). 

Regarding the gut microbiota, Trp exerts 

important influences by increasing the 

abundance of beneficial bacteria such as 

Faecalibacterium, Lachnospiraceae_NC2004_, and 

Ruminococcus_torques_group while suppressing 

pathogenic species in Arbor Acres with 0.2% 

Trp supplementation in feed, thereby 

supporting gastrointestinal homeostasis (Ma et 

al., 2024). The maintenance of microbial balance 

and the inhibition of pathogens such as 

Salmonella and Shigella are partly attributed to 

the microbial metabolism of Trp into indole and 

its derivatives (Gao et al., 2018). 

 

IMPACT OF TRYPTOPHAN ON 

ANTIOXIDANT CAPACITY, STRESS 

RESPONSES, MEAT QUALITY IN 

BROILERS 

 
Dietary Trp supplementation has been shown 

to confer antioxidant benefits in broiler 

chickens. Inclusion of 0.18% Trp in the diet of 

Arbor Acres broilers has been reported to 

improve antioxidant capacity and stress 

resilience by increasing the activities of 

superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GSH-Px), total 

antioxidant capacity (T-AOC), and related 

mRNA expression levels, while reducing 

malondialdehyde (MDA) concentrations 

(Ouyang et al., 2022). This protective effect is 

largely mediated by the metabolic conversion 

of Trp to melatonin, a potent free radical 

scavenger (Tan et al., 2015). Melatonin is known 

to increase the activities of antioxidant enzymes 

such as superoxide dismutase SOD, GSH-Px, 

CAT, and T-AOC, thereby reducing oxidative 

stress across various tissues (Lee, 2025). 

Beyond melatonin, Trp metabolism also yields 

other bioactive compounds with antioxidant 

properties, including 5-hydroxytryptophan 

and 3-hydroxykynurenine, which help regulate 

reactive oxygen species (ROS) production and 

maintain cellular redox balance (Christen et al., 

1990; Huether et al., 1992; Liu et al., 2015). The 

indole structure of Trp itself can stabilize free 

radicals through resonance, allowing it to act as 

a direct antioxidant (Linh et al., 2021). 

At the molecular level, Trp has been shown to 

activate the antioxidant response element 

(ARE) pathway, promoting the expression of 

enzymes such as paraoxonase-1 (PON1), which 

plays a key role in protecting lipoproteins from 

lipid oxidation (De la Iglesia et al., 2014; Wang 

et al., 2014). However, not all studies have 

reported consistent results. For instance, Ayazi 

et al. (2014) found that Trp supplementation 

did not significantly affect MDA levels or T-

AOC in heat-stressed broilers. Such 

discrepancies may be influenced by factors 

including dosage, bird age, stress duration, or 

differences between enzyme activity and gene 

expression. 

Beyond its antioxidant effects, Trp is also 

known to reduce stress levels in broiler 

chickens. Conversely, Trp deficiency has been 

shown to disrupt multiple physiological 

functions and increase vulnerability to stress 

(Birkl et al., 2017). Chronic heat stress can 

profoundly affect broiler physiology and 

behavior, reducing the expression of digestive 

enzymes and nutrient transporter genes, 

thereby impairing digestion and nutrient 

absorption (Al-Zghoul et al., 2019). Heat stress 

can also modulate brain monoamine levels and 

their metabolites, impacting the hypothalamic–

pituitary–adrenal (HPA) axis and leading to 

neuroendocrine, metabolic, behavioral, and 

immune dysfunction (Calefi et al., 2019). 

Tryptophan appears to mitigate heat stress in 

broilers through three main mechanisms. First, 

Trp enhances the expression of tryptophan 

hydroxylase 1 (TPH1), tryptophan hydroxylase 

2 (TPH2), and arylalkylamine N-
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acetyltransferase (AANAT) in the liver and 

hypothalamus (Liu et al., 2015; Bello et al., 

2018). This is especially relevant because heat 

stress reduces AANAT expression while 

increasing monoamine oxidase (MAO) activity 

and serotonin transporter (SERT) expression, 

disrupting serotonin and melatonin 

homeostasis (Calefi et al., 2019). Second, Trp 

modulates the HPA axis by reducing plasma 

levels of epinephrine (EPI), dopamine (DA), 

norepinephrine (NA), and corticotropin-

releasing hormone (CRH) in heat-stressed 

broilers (Li et al., 2021; Yue et al., 2017). Third, 

Trp lowers serum heat shock protein 70 

(HSP70) and corticosterone (CORT) levels, 

indicating improved cellular stress tolerance 

(Soleimani et al., 2012a, 2012b). Additionally, 

Trp supplementation has been shown to 

upregulate the expression of mitochondrial 

genes such as PGC-1α, Cyt-c, COX1, COX5A, 

and SIRT1 in the livers of heat-stressed broilers 

(Liu et al., 2019). 

The protective effects of Trp are not limited to 

biochemical pathways but are also reflected in 

behavioral outcomes and animal welfare 

during heat stress. Several studies have 

reported that Trp supplementation of 2% can 

reduce aggressive behaviors and feather 

pecking associated with stress, thereby 

supporting improved welfare and production 

performance in broilers (Hierden et al., 2004; 

Yıldırım et al., 2020; Bai et al., 2017). 

Increasing antioxidant status with Trp 

supplementation also has an impact on 

reducing oxidative damage in muscle fibers, 

thereby preserving myofibrillar integrity, 

lowering protein denaturation, and improving 

water-holding capacity. Such effects 

significantly reduce drip loss and shear force, 

while decreasing the incidence of pale, soft, and 

exudative PSE meat, particularly in birds 

exposed to environmental or transportation 

stress (Bowker and Zhuang, 2015; Emadi et al., 

2011; Wang et al., 2014). 

Moreover, dietary supplementation with Trp at 

levels of 0.25–0.27% for three weeks before 

slaughter has been reported to improve breast 

meat tenderness and juiciness, likely through 

stabilization of muscle cell membranes and 

reduction of intracellular water loss (Wang et 

al., 2014, 2015). Therefore, Trp functions not 

only as an essential nutrient but also as a 

functional agent capable of enhancing meat 

quality through oxidative protection and 

modulation of physiological stress. 

 

TRYPTOPHAN EFFECTS ON THE 

IMMUNE RESPONSE IN BROILERS 
 

Tryptophan deficiency has been associated 

with reduced immune organ size, impaired 

antibody production, and elevated 

corticosterone secretion with 

immunosuppressive effects (Bai et al., 2017; 

Mehaisen et al., 2017).  

Beyond its role as a neurotransmitter precursor 

in the central nervous system, Trp also plays an 

important role in immune system regulation, 

particularly via the kynurenine metabolic 

pathway (Li, 2023). The kynurenine pathway of 

tryptophan metabolism is critical for immune 

regulation and produces neuroactive 

metabolites (Badawy, 2017; Schwarcz et al., 

2012). This pathway is controlled by enzymes 

such as tryptophan 2,3-dioxygenase (TDO) and 

indoleamine 2,3-dioxygenase (IDO), which are 

regulated by hormones, cytokines, and other 

factors (Badawy, 2017). The 

immunomodulatory effects of Trp are also 

supported by its ability to enhance lymphocyte 

activity and promote pro-immune cytokine 

production (Linh et al., 2021). 

In relation to its effects on toxicity, Trp at a dose 

of 100 mg/kg body weight has demonstrated 

protective potential against toxins such as 

ochratoxin A (OTA) by mitigating its 
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suppressive effects on intestinal mucosal IgA 

production in broiler chickens (Ricci et al., 

2021). This effect is likely mediated by 

serotonin, a Trp-derived metabolite, which has 

been shown to enhance B-lymphocyte 

proliferation via activation of 5-HT1A receptors 

and act as an effective antioxidant to counter 

oxidative stress—one of the main mechanisms 

of OTA toxicity (Strasser et al., 2016). Moreover, 

N-acetyl-L-tryptophan (NAT), a Trp derivative, 

has been shown in vitro to inhibit OTA-induced 

renal cell damage, including effects on cell 

proliferation, protein synthesis, and DNA 

integrity (Argawal et al., 2022). These findings 

underscore Trp’s potential as both an 

immunoprotective agent and a detoxifier. 

However, it is important to note that excessive 

Trp supplementation of 0.1%, can stimulate the 

expression of inflammatory markers such as 

TLR4, TNF-α, and IL-6 in the ileal mucosa (Li et 

al., 2025), suggesting that an overly activated 

immune response may also pose a risk of local 

inflammation. In addition, the effects of Trp on 

performance can be briefly seen in Table 1. 

 

CONCLUSION 

 
Tryptophan is a vital dietary component in 

broiler nutrition, exerting its effects through 

multiple mechanisms. As a serotonin 

precursor, it enhances gut motility, barrier 

integrity, and microbiota balance, promoting 

nutrient absorption and intestinal health. 

Through melatonin synthesis, Trp strengthens 

antioxidant defenses by increasing SOD, GSH-

Px, and CAT activities, reducing oxidative 

stress, and improving resilience to heat stress 

via HPA axis modulation. The kynurenine 

pathway mediates immunomodulatory effects, 

supporting lymphocyte function and cytokine 

production while protecting against 

mycotoxins. However, excessive 

supplementation may provoke local 

inflammatory responses. Balancing Trp 

inclusion in poultry diets is therefore critical to 

optimize growth, health, immune competence, 

and meat quality, underscoring its importance 

as both a nutrient and functional feed additive. 
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