
Tryptophan is one of the essential amino acid. In relation to other amino acids, tryptophan is found 
in lower concentration in animals; therefore, it is quite likely to become the limiting factor for 
protein anabolism. Tryptophan is metabolized in the kynurenine and serotonin pathways into other 
molecules responsible for different functions in the animal. Tryptophan is an amino acid of relevant 
significance in the feed formulation for laying hens, especially in diets with reduced protein level as 
well as in complex diets formulated with animal by-products, as it becomes limiting. In the animal, 
the main function of tryptophan is protein synthesis; in addition, it is metabolized in the kynurenine 
and serotonin pathways, generating different substances, which are responsible for positive effects 
on antioxidant capacity, immune system, food intake, animal behaior, gut health and integrity. The 
tryptophan recommendation for laying hens between 0.15 and 0.23% depending on the statistical 
model applied, age and genetic lineage, diet composition among other factors.
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Tryptophan in soy corn-based diets it is the third 
limiting amino acid for laying hens (Bertechini, 
2012). Tryptophan is used primarily for protein 
synthesis in order to maintain egg production, in 
addition, it has other functions, among which it 
stands out as a precursor of serotonin. Serotonin is a 
neurotransmitter, acts on the nervous system helps 
to reduce aggression and modulate the stress 
response through social and environmental adapt-
ability (Martin et al., 2000). In addition, some evalu-
ation results suggest that dietary tryptophan 
promotes positive effects on antioxidant capacity in 
fish, laying hens, and rats. (Wen et al., 2014; Dong 
et al., 2012; Raju et al., 2000).

Corn, an ingredient present in greater proportion in 
Brazilian feed, is deficient in tryptophan, containing 
only 0.06% of digestible tryptophan, while soybeans 
contain 0.59% (Rostagno et al., 2017). Thus, the 
combination of ingredients used in the formulation 
of feed for laying hens may lead to the need to 
include L-tryptophan, to meet the demand for this 
amino acid by laying hens.

Background
Tryptophan metabolism occurs in different pathways 
(Figure 1). Deamination and decarboxylation of 
tryptophan occurs to form kynurenine in the liver 
and brain; whereas, tryptophan also act as a 
precursor for serotonin synthesis in the brain and 
gastrointestinal tract, this pathway being depen-
dent on the hydroxylation and decarboxylation of 
tryptophan from the first pathway and the last 
pathway of tryptophan metabolism occurs through 
transamination, forming indole-pyruvate (Sallée et 
al., 2014).

More than 90% of tryptophan is metabolized through 
the kynurenine pathway, in which several functional 
metabolites related to energy and immune metab-
olism are produced. (Stone et al., 2013). 

Tryptophan metabolism

Figure 1. Tryptophan metabolic pathways (Adapted from Le Floo’ch & Seve, 2007)
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Nicotinic acid produced from tryptophan in the 
kynurenine pathway, is essential in the nutrition of 
monogastric animals and its main function is related 
to cellular respiration. The energy messengers 
NADH and NADPH are generated from nicotinic acid

which are essential for the production of ATP in the 
respiratory chain. Thus, nicotinic acid deficiency can 
lead to an energy deficit, compromising the physio-
logical homeostasis of the animal organism and 
causing its death (Santin et al., 2000).

on enzymatic and non-enzymatic antioxidant capac-
ities. Tryptophan has a positive effect on behavior 
animal by stimulating serotonin secretion; on 
immune modulation (Khattak et al., 2019; Bello et 
al. 2018; Bai et al., 2014; Wen et al., 2014; De Ponti 
et al., 2007; Tirapegui, 2004). 

Tryptophan, also known as α-amino-β-indolepropionic 
acid,  it is involved in several physiological functions. 
(Le Floc’h et al., 2011). This amino acid is essential for 
birds, fish and mammals (Wu et al., 2014) as it is not 
synthesized in these animals therefore tryptophan 
must be supplied through diet.
Tryptophan is also considered a functional amino 
acid, simultaneously with other amino acids, such as 
arginine, cysteine, methionine, which regulate 
important metabolic pathways to improve health, 
survival, growth, development and the reproductive 
process in animals (Wu, 2020). Tryptophan and its 
metabolites are also involved in immune intestinal 
homeostasis (Gao et al., 2018). In addition to 
improve feed intake in poultry, it contributes to 
improve production performance and helps in the 
synthesis of hormone-binding substances (Sarsour 
et al., 2021; Khattak & Helmbrecht, 2019; Ducy & 
Karsenty, 2010; Le Floc’h et al., 2008).

Tryptophan is also crucial for different metabolic and 
physiological activities in the animals as synthesis of 
neurotransmitters and vitamin B3. It shows positive 
effects on the balance of the intestinal microbiota, 

Tryptophan and its functionality

physiological functions such as, regulation of body 
temperature, food intake, sexual behavior, 
response to stimuli that cause fear, fight and stress 
behavior (Lucki, 1998). From 1 to 2% of the body's 
serotonin is produced in the serotoninergic 
pathway in neurons in the brain, while approxi-
mately 95% of serotonin is produced, stored and 
released by cells in the intestinal mucosa known as 
enterochromaffin cells (Gershon & Tack, 2007). 

Tryptophan is able to modulate behavioral aspects 
of laying hens, especially by reducing feather 
pecking, which is considered an initial factor to 
cause injuries and, consequently, cannibalism and 
death of the birds. (Birkl et al., 2019; Van Krimpen et 
al., 2005; Van Hierden et al., 2004).
The behavioral modulation exerted by tryptophan 
reflects positively on animal welfare. This effect 
occurs through serotonin wich is involved in several

Effect of tryptophan on animal behavior
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The requirement of tryptophan in laying hens may 
vary depending on several factors: age of the birds, 
nutritional composition of the diet, especially in rel- 
ation to the concentration of long-chain neutral 
amino acids; mathematical models adopted in the 
studies; feed consumption; genetic lineage and 
others, so tryptophan recommendations for laying 
hens ranging from 0.15 to 0.23% are observed 
(Khattak et al., 2019; Mousavi et al., 2018; Dong et 
al., 2017; Rostagno et al., 2017; Peganova et al., 
2003; Harms & Russel 2000; Coon & Zhang, 1999; 

NRC, 1994). Studies carried out by Kattak & Helm-
brecht (2019) and Peganova et al. (2003) demon-
strate high laying rates, 97% and 84%, respectively, 
through supplementation of L-tryptophan in the 
diet. Wen et al. (2019) and Cardoso et al. (2014), 
evaluating different genetic strains and older hens, 
they observed a high laying rate, 81 and 94%, 
respectively, by adding L-Tryptophan in the diet. 
The highest egg production rate found by Cardoso 
et al. (2014) can be explained by the high level of 
tryptophan in the diet (Table 1). 

Cardoso et al. (2014) determined the digestible 
tryptophan:lysine ratio (Trp: Lys) equal to 25.44% 
for maximum egg production in white Dekalb lay- 
ing hens from 60 to 76 weeks of age, using a quad- 
ratic polynomial model. Meanwhile, the Hendrix 
Manual (2020) recommends Trp: Lys ratio equal to 
22% in the same period. Rostagno et al. (2017) re- 
commend a ratio of 23% for white and brown laying 
hens in the egg production phase.
Katthak & Helmbrecht (2019) evaluated increasing 
levels of digestible tryptophan (0.10 to 0.31%) in a 
corn and wheat based diet for brown laying hens in

the period of peak laying and observed an increase 
of 2.7% in the feed intake in hens fed diets contain-
ing 0.25% digestible tryptophan compared to hens 
fed diets formulated with 0.10% digestible trypto-
phan. In addition, these authors observed the effe- 
ct of tryptophan on egg quality and the regression 
analysis revealed that the level of digestible trypto-
phan of 0.22% in the diet promotes better shell 
quality; thickness and density, correspondingto the 
digestible tryptophan: digestible lysine ratio equal 
to 27.5%.

Table 1. Tryptophan levels and effects on production parameters in laying hens 

Tryptophan and productive performance of 
laying hens

Genetic strain

Lohmann Brown
Lohmann Brown
White laying hens
Dekalb White
Dekalb Brown
Lohmann Brown
Hy-Line W36
Hy-Line W36

Age, weeks

31-37
31-37
29-49
60-76
44-68
22-28
41-46
22-34

TRP dig.

0.15%
0.18%
0.19%
0.19%
0.20%
0.25%
182.3 mg/day
183 mg/day

Mathematical model

Broken-Line
Exponential
Quadratic
Quadratic
Quadratic
Linear
Quadratic Broken-Line
Quadratic Broken -line

Effect

Improved egg mass
Improved egg mass
Improved egg mass
Improved egg mass
Improved egg shell thickness
Improved egg production
Improved egg production
Improved egg production

Reference

Peganova et al. (2003)
Peganova et al. (2003)
Lima et al. (2012)
Cardoso et al. (2014)
Moreira et al. (2018)
Khattak & Helmbrecht (2019)
Wen et al. (2018)
Sarsour et al. (2021)
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Conclusions

L-tryptophan supplementation in the diet of laying hens is positively related to behavior, reducing 
aggression, feather pecking and cannibalism; performance parameters, improving feed consumption, 
egg production and quality; the antioxidant capacity, maximizing antioxidant activity at the cellular and 
enzymatic level; the balance of the intestinal microbiota, reducing the presence of pathogenic micro 
organisms.
Digestible tryptophan levels up to 0.22% and digestible Trp: Lys ratio up to 27.5% have been effective in 
increasing egg production and improving egg quality, based on the results obtained by Katthak & Helm-
brecht (2019).

The increase in egg production through L-trypto-
phan supplementation in the diet of laying hens 
must be related to the effect of tryptophan in imp- 
roving gonadotropin release as well as improving 
protein availability (Dong et al., 2010). 
According to Russell & Harms (1999) tryptophan 
levels below 0.13% cause a reduction in egg pro- 
duction and body weight in laying hens. In addition, 
special attention must be given to diets formulated 
with ingredients that have a high concentration of 

long-chain neutral amino acids, such as isoleucine, 
valine and leucine, phenylalanine, tyrosine, since 
these amino acids influence the requirement of 
tryptophan (Peganova & Eder, 2002). According to 
Boa Ventura (2013), tryptophan is the second limiting 
amino acid, followed by threonine, in complex diets 
for commercial laying hens, formulated with animal 
products, which are rich in long-chain neutral amino 
acids.
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