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Abstract: Methionine is the first limiting amino acid in all poultry corn-soybean based diets, which plays many 
important metabolic functions in broilers such as protein synthesis, the production of other sulfur AAs and protect 
cells against oxidative stress. Methionine sources (DL- methionine, DL-2-hydroxy-4- butanoic acid and Betaine) has 
a main role the performance of growth, feed conversion ratio, breast meat, immune and detoxification functions. 
Contrast, the lack of methionine in the body results in reduced synthesis of protein, alters the mTOR/S6K1 signaling 
pathway and affected by the oxidative status of the cell. There is a difference in the requirements of broilers for the 
methionine by strain and age. 
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1. Introduction  

Balanced diets in modern broiler chickens are 
very important where become very complex to provide 
all their requirements, so the essential amino acids 
(EAA) are added to the diets, because that poultry are 
not able to synthesize EAAs, so must be supplemented 
in the diet (Stradiotti et al. 2016). Methionine (Met) is 
the first limiting amino acid (AA) in broilers, which 
acts as an EAA for protein synthesis (Fu et al. 2016), 
as the major AA for initiation of translation (Zhang et 
al. 2016). In addition, Met contributes to the provision 
of methyl groups, these groups play an essential role 
in the synthesis of other sulfur amino acids (SAA) 
such as creatine, choline, betaine and especially 
cysteine (Cys) via converted to S-adenosylmethionine 
(SAM) (Brosnan and Brosnan 2006). Therefore, Met 
has a role indirect of against oxidative stress by Cys 
(Cys is required for the synthesis of glutathione and 
taurine), which are essential compounds against 
oxidative stress. (Métayer et al. 2008). Met also affects 
the metabolism of lipid via stimulating the oxidative 
demolition of fatty acids through its role in the 
synthesis of carnitine (Nukreaw et al. 2011).  

Met is added to broiler chickens diets as a free 
AA or AA analogue (Conde-Aguilera et al. 2016). 
Several studies have indicated that Met with various 
sources has the main role in improving growth 
performance of broilers (Yang et al. 2016; Powell et 
al. 2016). In addition, the Met has regulatory effects 
on growth performance and breast meat yield in 
broilers (Ahmed and Abbas 2011). While a study by 
Conde-Aguilera et al (2013) reported that broiler 
chickens fed on low levels of the Met leads to 
reduction growth and breast meat quality. 

The dietary Met influence on mRNA expression 
and DNA methylation of myostatin as reported in 
many studies, where the growth of muscle is regulated 
by myostatin; this confirms that Met first limited AA 
in broiler diets (Tesseraud et al. 2011).  

In this review, through recent studies to describe 
source, requirements and metabolic pathway of the 
Met in the body. After that, the focus on the effect of 
the Met on breast muscle and alters myogenic gene 
expression. 
 
2. Sources and Alternatives of Methionine (Met)  

Methionine (Met) is one of the essential amino 
acids (EAA), which supplemented in broiler diets 
from several natural sources (protein sources of animal 
or plant) to meet the needs of the broilers (Stradiotti et 
al. 2016). In recent years, it is prohibiting the use of 
animal protein sources (meat and bone meal) because 
of the potential risks, as well as a decline it in 
fishmeal, this led to increased need for a plant protein 
source (Chadd et al. 2002). In addition, synthetic of 
Met is used in dietary to the meet Met requirement 
(Bunchasak 2009). Met sources commercially 
available are used in two forms (powder and liquid), 
DL- Met (DLM: powder form) and DL-2-hydroxy-4-
methylthio butanoic acid (LMA: liquid form) (Conde-
Aguilera et al. 2016).  

A complex chemical synthetic process produces 
DLM; 3-carbon aldehyde is the first material for its 
production and derived from propylene (Aldrich 
2007). The reported study by Dilger and Baker (2007) 
obtained that 1- Met and DLM no difference in 
effectiveness in poultry. Despite that DLM is used 
more efficiently under Met deficiency in the diet 
compared with LMA, whereas LMA is used more 
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efficiently when provided to meet the recommended 
requirement (Gonzales-Esquerra et al. 2007).  

DLM and LMA found in two forms, that consist 
of an L- and D-isomers at 1: 1 ratio, the Met in tissues 
occurs on the L-form (active), whereas the D-form is 
not biologically active (Bunchasak 2009). In the 
metabolism of poultry 70—100% of the D-isomer (not 
active) of DLM or LMA is converted to L-isomer 
(active) (Hasegawa et al. 2005). Used a corn-soybean 
meal in base broiler diets, which they are poor in the 
Met, so synthetic DL-Met or its analog supplemented 
to meet the requirement of broilers (Fu et al. 2016). 

As a result of the high cost of synthetic DL- Met 
used in chicken diets, there is a tendency to look for 
alternatives DL-Met. Including betaine is one of the 

compounds which a naturally occurring via the 
methylated derivative of glycine, betaine contains 
about 3.75 times the methyl groups (on a molecular 
weight basis) compared with the Met (Rao et al. 
2011). Betaine may either take the place of Met by 
providing the methyl group necessary for the 
reconversion of homocysteine to the Met (McDevitt et 
al. 2000). Kalbande et al (2009) show that herbal Met 
can replace DL-Met high efficiency at 1 g/kg of 
broiler chicken diet. While, Igbasan et al (2012) found 
that herbal Met is not an effective substitute for the 
synthetic Met on the performance of broilers. So, 
confirmed that the synthetic Met replacement has led 
to lower broiler performance (Demattê et al. 2016). 

 
 
 
3. Metabolism of Methionine (Met)  

Met is an essential sulfur-containing AA 
(C5H11NO2S), where interacts with other nutrients 
involved in metabolism (Bunchasak 2009) and as 
reported in a review by Jankowski et al (2014) that 
essential AAs, especially the Met play a role in protein 
synthesis. Also, plays an important role in the body 
through: involved in protein synthesis and the 
production of other SAAs such as homocysteine. 
Which product indirect by methylation and 
transsulfuration (Troen 2003); and helping protect 
cells against oxidative stress due to Met acting as a 
precursor of carnitine and glutathione (Li et al. 2007). 
Which reduces ROS and thus maintains cells from 
oxidative stress as shown in Figure 1 (Métayer et al. 
2008). 

Figure 2. Demonstrates the metabolic pathway of 
the Met in the body as indicated by studies (Waterland 

2006; Dunlevy et al. 2006; Wu et al. 2012). 
Metabolism pathways of Met as following: (1) 
Convert activation of Met into S adenosylmethionine 
(SAM) -transferase by ATP. (2) S-adenosylmethionine 
(SAM) demethylation into S-adenosylhomocysteine 
(SAH) together with convert the acceptor R into 
RCH3R. (3) Alternative demethylation catalyzed by 
glycine N-methyltransferase, which changes over 
glycine (Gly) into sarcosine (CH3Gly). (4) Hydrolysis 
of SAH into homocysteine (HCYS) and adenosine by 
SAH hydrolase. (5) HCYS reaction with serine (Ser) 
converted to shape cystathionine (CTT) through 
helping vitamin B6-inferred pyridoxal-5'- phosphate-
dependent CTT -synthase. (6) Conversion of CTT 
into cysteine (Cys) and -ketobutyrate in the presence 
of vitamin B6. (7) 5-methyltetrahydrofolate (5-
methylTHF) demethylation into THF and HCYS re-
methylation into Met by methionine synthase through 
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Fig. 1. The control of oxidative status via Met (Métayer et al. 2008). 
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helping vitamin B12. (8) In the liver, re-methylation of 
HCYS by betaine-homocysteine methyltransferase 
within the sight of choline-inferred betaine. (9) 
Synthesis of N5, 10-methylenetetrahydrofolate (5, 10-
methyleneTHF) from THF combined with the change 
of Ser into Gly through the activity of pyridoxal-5'- 
phosphate-subordinate serine 
hydroxymethyltransferase. The decrease of 5, 10-
methyleneTHF into 5-methylTHF catalyzed by N5, 
10-methylenetetrahydrofolate reductase (MTHFR). 

Halsted and Medici (2011) revealed that 
changeless bonds are shaped amongst Met and serine 
amid transsulfuration, which requires CBS and B6 as 
the essential assistant component. Additionally, HCYS 
is used back to Met within the sight of B12. Re-
methylation requires the nearness of MTHRF and folic 
corrosive (Grimble 2006). SAM arranges 
transsulfuration and re-methylation forms by going 

about as a CBS activator or inhibitor of MTHRF 
(Brosnan and Brosnan 2006). 
4. The Relationship of Methionine (Met) with 
Cysteine (Cys) and Sulfur  

Many metabolic pathways and other nutrients 
such as cysteine, choline, betain involve Met 
(Bunchasak, 2008). Poultry are requires to both Met 
and cysteine (Cys) for protein synthesis and major 
providers of organic sulfur within the body, which 
play an important role in connective tissue support 
(Fanatico 2010). Given the strong relationship 
between the Met and Cys, they are usually called total 
sulfur AA (TSAA) (Burley et al. 2016). TSAA act as a 
sulfur donor (Bunchasak 2009). However, when the 
formulation of broiler diets, the Met and TSAA levels 
must always be considered together, where are found 
that increase Cys in TSAA deficient diets can cause 
reduced broiler performance (Baker and Dilger 2008).  

 
 

 
 
 
 
In addition, there is a relationship between Met, 

betaine and choline, which are all involved in methyl 
group as donors in methylation reactions (Pillai et al. 
2006). On the other hand, the effect of the Met is 
unique which that methyl donors from betaine and 

choline could not substitute for the Met in broilers fed 
diets marginally deficient in TSAA (McDevitt et al. 
2000). However. Attia et al. (2005) reported that the 
Met level could be decreased to 0.37% of the diet 
when 0.07% of betaine is added. 
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5. Effects of Methionine (Met) Deficiencies and 
Requirements of Broiler Chickens Functions 

Met has a numerous of biological functions, 
including protein metabolism, oxidative stress, and 
methylation (Tesseraud et al. 2009). Therefore, Met 
deficiency leads to reduce protein synthesis, alters the 
mTOR/S6K1 signaling pathway and influence the cell 
oxidative status (Métayer-Coustard et al. 2010). Met 
deficiency inhibits IPEC-1 cell autophagic responses 
(Tang et al. 2015). Autophagy is the mechanism of 
cell survival during the nutrient deficiency (Deretic 
and Levine 2009). On the other hand, effects of a 
deficient Met supply in diets on the chemical 
composition of different tissues and breast meat 
quality of broiler chickens (Conde-Aguilera et al. 
2013). Also, Bunchasak et al. (2006) found that Met 
deficiencies in the diet lead to decreased feed intake of 
broiler chickens due to AA imbalances. However, 
chickens lose the ability to adjust feed intake to satisfy 
their AA requirements due to AA imbalances, so 
positive effect of Met supplementation may be due to 
the improved feed intake via the AA balance 

(Bunchasak 2009). Met is the first limiting AA when 
fed broiler on commercial diets of a corn-soybean 
meal, so the diet is supplemented with Met to meet the 
requirements of TSAA (Dozier and Mercier 2013). 
The requirements of commercially recommended Met 
are higher than the recommendation of the NRC 
(1994). The Met requirement (%) of diet decreases 
when chicks are grown up, while Met requirement as 
relative to lysine tends to increase as shown in Table 1 
(Bunchasak 2009). Bunchasak (2009) reported that 
strains require different amounts of the Met, may be 
due to genetic diversity, which is affected ability on 
Met utilization (Table 1). Whereas, Kalinowski et al. 
(2003) show that no significant difference between 
strain and Met requirement. Burley et al. (2016) report 
that use an average age in the inclusion rate of the Met 
to diet is very important, which may allow to better 
provide for Met throughout various phases of growth 
since the requirements of the broilers change with age. 
The Met requirement in the feed is highest in starter 
both commercial diets and NRC then declines as the 
chicken ages.  

 
 

Table 1. Recommendations of methionine (Met) and total sulfur amino acid (TSAA) for broiler strains according to 
the nutrition guide 

Strain Stage 
Nutritional recommendation (%) Relative to lysine 
TSAA5 Met 

TSAA Met. 
Total Digest Total Digest 

Ross 3081 
Starter 1.07 0.94 0.51 0.47 74 38 
Grower 0.95 0.84 0.45 0.42 76 38 
Finisher 0.60 0.76 0.41 0.38 78 39 

Cobb2 

Starter 0.98 0.86 0.56 0.50 74 38 
Grower 0.96 0.84 0.53 0.48 75 40 
Finisher1 0.88 0.77 0.48 0.43 78 41 
Finisher2 0.80 0.7 0.44 0.40 78 41 

ArborAcres3 

Starter 0.97 0.86 0.53 0.46 71 39 
Grower 0.85 0.75 0.46 0.41 72 39 
Finisher1 0.78 0.69 0.42 0.37 73 39 
Finisher2 0.77 0.68 0.42 0.37 76 41 

NRC4 
Starter 0.90 - 0.50 - 82 46 
Grower 0.72 - 0.38 - 72 38 
Finisher 0.60 - 0.32 - 71 38 

Source: Bunchasak (2009). 
1Starter (0-10 days), grower (11-24 days) and finisher (25-slaughter). 
2 Starter (0-10 days)، grower (11—22 days)، finisher 1 (23-42 days) and finisher 2 (42-slaughter). 
3Starter (0-14 days), grower (15-28 days), finisher l (29—36 days) and finisher 2 (37-slaughter (. 
4Starter (0-21 days), grower (22-42 days) and finisher (43-56 days). 
5TSAA= Total sulfur amino acids. 

 
 
Therefore, the age of the chicken impacts on the 

level of Met needed in the diet to support optimal 
performance. The results showed by Lumpkins et al. 
(2007) that no difference of Met requirements between 

male and female broilers in optimal performance. 
TSAA or Met requirement depends on dietary protein 
level (Vieira et al. 2004). While, Si et al. (2004) 
reported that no significant interaction between Met 
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and protein levels when male broiler chicks were fed 
diets with CP (16, 18, 20, or 22%) and NRC 
recommendations (100 or 110%). 
 
6. Effect of Feeding Methionine (Met) on Growth 
and Meat Quality of Broiler Chickens 

The different levels of the Met have an effect on 
growth performance and breast meat yield of broiler 
chickens as reported by many studies (Ahmed and 
Abbas 2011; Bouyeh and Gevorgyan 2011). 
Therefore, the study showed by Wen et al. (2014b) 
that the Met level 0.43% (control) was inadequate for 
optimal growth rate (GR) and feed efficiency (FE) of 
broilers compared to Met level 0.53%, and they 
indicates that Met promotes broiler growth by 
regulating the development of the breast muscle. 
These results are consistent with Zhai et al. (2012), 
who reported that breast meat yield was greater when 
increasing the level of the Met from 0.41% to 0.51% 
in broiler diets. Furthermore, diet supplementation 
with Met lead to increased growth rate and improved 
meat quality (Zhai et al. 2016). Muscle growth may be 
due to increase protein deposition (myofibrillar and 
sarcoplasmic hypertrophy) by the Met (Nagao et al. 
2011). Whereas, that Met level 0.86% in diets may be 
above to the requirement of broilers (Wen et al. 2016). 
Wen et al. (2014a) showed that the increasing of Met 
in the diet has positively improved in the BWG and 
breast muscle yield, may be due to increase cell size 
and enhanced activity tissue cell through alterations of 
myostatin transcription (DNA), phosphorylation of 
mTOR and FoxO4 in the breast muscle. Additionally. 
Zhan et al. (2006) reported that Met supplementation 
increased breast in muscle yield and decreased 
abdominal fat content.  

Nierobisz et al. (2007) hypothesised that the Met 
addition to feed lead to increase cell mitotic activity in 
the muscle of growing chicks. On the other hand, 
proved that cell activity is greatly weakened by 
reducing Met availability in broiler diet (Powell et al. 
2013, 2014) and lower protein accretion in breast 
muscle (Goulart et al. 2011). As well the 
supplementing Met in the Low-CP diet improved the 
feed and protein conversion ratios, reduced fat 
accumulation, and reduced the production cost of 
broiler chickens with regard to fat deposition 
(Jariyahatthakij et al. 2018). Met has no effect on the 
morphological structure or fat deposition of the breast 
muscle (Powell et al. 2016). 

The results by Yang et al. (2016) indicated that 
optimal dietary supplementation of the Met could 
increase growth performance. Similarly, L-Met or DL-
Met supplementation improved growth performance of 
male broilers (Zhang et al. 2016). The Met supply was 
affected on performance and tissue weights, but not 
effect by the Met source, whereas reducing the Met 

content in the diet led to increasing the redness value 
of breast muscle in broilers (Conde-Aguilera et al. 
2016). In addition, Agostini et al. (2016) concluded 
that Met sources (DL- Met and hydroxy- Met) lead to 
similar performances response when compared with 
TSAA values around the broiler requirement level. 
 
7. Effect of Feeding Methionine (Met) on Myogenic 
Gene Expression in Broiler Chickens  

Skeletal muscle development through many 
Myogenic regulatory factors (genes), which include 
myogenic differentiation factor 1 (myoD1), myogenic 
factor 5 (myf5), myogenin, the myocyte enhancer 
factor 2 (MEF2), and muscle regulatory factor 4 
(MRF4) (Townley-Tilson et al. 2010). However, little 
is known about the effects of Met on the expressions 
of these genes (Tesseraud et al. 2011). Wen et al. 
(2014a) who concluded that inclusion of Met in broiler 
diets improved breast muscle yield via increased 
mRNA expression of Myf5 and MEF2B. Zhang et al. 
(2018) have shown that supplementing Met in the 
broiler chickens diet influenced the transcriptional 
regulation and activity of Met oxidases in a tissue and 
age-specific manner. Met oxidases may thus act as a 
determining factor in the bioefficacy of different 
dietary supplemental Met sources. On the other hand, 
myostatin is the negative regulator of muscle growth 
by inhibition increased muscle mass (Wang and 
McPherron 2012). A study also reported that raising 
the level of the Met from 0.21 to 0.61% in dietary 
broiler chickens (4 to 8 wk) led to promoted the 
methylation of myostatin from 46 to 84% in muscle, 
which was negatively correlated with its gene 
expression (Liu et al. 2006). 

DNA methylation can be affected by nutrition, 
leading to changes in gene expression (Anderson et al. 
2012). The methyl groups transferred in DNA 
methylation reactions are derived from Met; therefore, 
high Met intake of dietary might be result increase 
DNA methylation (Waterland 2006). 

 
8. Effect of Feeding Methionine (Met) on Immune 
and Other Function of Broiler Chickens  

Met has a role in immune function of broilers 
(Ruan et al. 2017), through effects on the innate and 
adaptive immune function (Zhang and Guo 2008). 
Grimble (2006) reported that the role of Met is in the 
process of synthesis and catabolism in the immune 
system. Many studies, discoverd that birds fed on high 
levels of Met in broilers dietary may increasing in 
weight of Fabricius bursa and spleen as percentage of 
body weight (Mirzaaghatabar et al. 2011), higher in 
antibody titer when infected broilers by coccidium (Jin 
et al. 2005), and Newcastle disease virus (Bouyeh 
2012). However, deficiency of Met may inhibit the 
proliferation and differentiation of B-lymphocytes, 
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and increase apoptotic cells (Wu et al. 2013). Study by 
Tang et al. (2009) pointed out that Met could improve 
intestinal humoral immune function by activity of 
lysozyme, total iron binding capacity and the IgM 
content. Met is is important in synthesis of choline. 
Nevertheless, choline and acetylcholine play key roles 
in the metabolism of leukocyte (Kim et al. 2006).  

Met has a protective role on aflatoxin (Istiqomah 
et al. 2017). This was confirmed by a study by Sharma 
et al. (2015) who noted that the inclusion of Met into 
dietary contaminated with aflatoxin resulted in 
improved performance of the broilers compared to the 
contaminated diet without Met. Met sources may be 
prevent the occurrence of NE outbreaks through 
inhibitor effect against C. perfringens in the intestinal 
tract of broiler chickens (Dahiya et al. 2007). Both L-
Met or DL-Met supplementations have shown to have 
a positive effect on villus with increased GSH and 
TAC production as well as decreased protein oxidation 
in the duodenum when compared to control group but 
L-Met had a better function on redox status, 
development of the gut and growth response than 
chicks fed diets with DL-Met (Shen et al. 2015). 

 
9. Conclusions  

Based on recent experimental studies that both 
synthetic DL-Met, Betaine and herbal Met can replace 
several natural sources of Met to meet the needs of the 
broilers. Met plays many important metabolic and 
biological functions via protein metabolism, oxidative 
stress, immune function and methylation and regulate 
key metabolic pathways to improve growth, thus 
found that Met effects on body weight gains, feed 
conversion ratio and meat quality. Broiler chickens 
requirements of Met vary depending on the breed and 
age to support optimal performance. Also, the results 
of studies indicate that the Met has to do with other 
nutrients (Cysteine and betaine and choline). 
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