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Nutritional equivalence of DL-Methionine and L-Methionine in poultry–a 
review  

Key information 

• In this review, various studies conducted on comparative bioavailability of DL-methionine and L-methionine are 

discussed. Results of dose response, growth performance and physiological studies proved the nutritional 

equivalence of DL-methionine and L-methionine in broilers.  

• 100 % absorption and efficient utilization of D-isomer of methionine in poultry results in the same bioavailability of 

DL-methionine compared to L-methionine. Therefore, reduction in M+C level of poultry diets with L-methionine 

supplementation is not true.  

• No difference in the amino acid profile of tissues at different supplementation levels of DL-methionine and L-

methionine also indicates the similar utilization of both sources.  

• Blood metabolomes of birds fed diets supplemented with DL- or L-methionine showed minor effects on their 

metabolism. However, low supplementation of L-methionine results in up-regulation of methionine oxidation, 

whereas high supplementation of L-methionine results in down-regulation of the tricarboxylic acid cycle. Further 

studies need to be conducted to investigate the relationship between L-methionine supplementation and up-

regulation of methionine oxidation. 

Introduction 

Methionine is a sulphur-containing first limiting amino acid in poultry diets. Methionine plays several roles in poultry as 

an essential amino acid for protein synthesis, methyl donor for cellular metabolism and formation of co-enzyme S-

adenosylmethionine, precursor of cysteine or carnitine in metabolic pathways involved in polyamine synthesis, and as a 

sulphur donor (Bunchasak, 2009). Methionine also plays an important role in humoral and cellular responses (Shini et 

al., 2005). That is mainly due to intercellular glutathione and the level of cysteine (Rubin et al., 2007). The methionine 

requirement of poultry can be fulfilled by increasing the proportion of high protein ingredients in diets, but this practice is 

an inefficient and non-specific way that also increases levels of other amino acids beyond need. This leads to an 

imbalanced amino acid profile (Yao et al., 2006). Imbalance in amino-acid profile has a negative impact on performance 

of birds and increases nitrogen excretion from the body. Most raw materials commonly used in poultry feed formulations 

are low in methionine. Methionine is an essential amino acid that cannot be synthesized by the bird, therefore, low 

methionine content in raw materials makes it the first limiting amino acid in poultry diets globally. The need for 

supplementation of crystalline methionine in poultry diets has been clear for decades. Supplementation of methionine 

provides an opportunity to avoid methionine deficiency in an efficient and specific way, decreases the dietary crude 

protein content, and minimizes the excretion of nitrogen. Supplementation of methionine in poultry diets is practiced not 

only to support profitable growth performance, but also to secure the function of essential metabolic pathways and 
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physiological functions for health. Many studies have reported an increase in performance of broilers with increasing 

dietary methionine levels (Rubin et al., 2007; Halder and Roy, 2007).  

Different methionine sources have been commonly supplemented in poultry diets. Commercially, methionine sources 

are available with different names and forms (Figure 1). These sources are DL-methionine (DL-Met), L-methionine (L-

Met) and methionine hydroxy analogue calcium salt (MHA-Ca) in dry form, and methionine hydroxy analogue free acid 

(MHA-FA) in liquid form (Dilger and Baker, 2007; Lemme et al., 2007; Shen et al., 2015). DL-Met is a 50:50 mixture of D-

methionine (D-Met) and L-Met. Generally, the nutritional value of methionine sources on the market is compared to DL-

Met, which is a gold standard. L-Met is a new methionine source that has been commercially available since early 2015. 

Shen et al. (2015) reported that DL-Met might not efficiently meet the intestinal cell requirements for young chickens 

during the first pass metabolism compared with L-Met. Therefore, it is claimed that the nutritional value of L-Met is higher 

than DL-Met and thus the dietary M+C level can be reduced by 10 % while using L-Met in poultry diets. However, 

various scientific studies comparing the biological effectiveness of DL-Met and L-Met in broilers have shown that the 

bioavailability of these two methionine sources is equal (Ribeiro et al., 2005; Baker, 2006; Dilger and Baker, 2007). 

Saremi et al. (2016) reported equal performance during early development of broilers fed diets supplemented with either 

D-Met or L-Met. Accurate information on the bioavailability of these methionine sources is important to meet the 

methionine requirement and to achieve optimum bird performance, and to reduce the cost of production. Therefore, the 

objective of this review is to validate the claims on bioavailability of DL-Met and L-Met in terms of health and 

performance of poultry. This review summarizes the results of different dose response, performance and physiological 

studies, which were conducted to compare the bioavailability of DL-Met and L-Met in poultry.  

Figure 1:  Commercially available methionine sources 

 

Absorption of methionine isomers in poultry 

Due to spatial configuration of carboxyl and amino groups around the central carbon atom, each amino acid has two 

isomers (D and L). Isomers (D and L) of methionine are shown in Figure 2. L-isomer is the form involved in protein 

synthesis. Both isomers of methionine (D and L) are efficiently absorbed in the intestine. D-Met can be completely 

absorbed by the intestine (D’Aniello et al., 1993; Mastrototaro et al., 2016). The D-form of methionine is converted into 

the L-form by a two-step enzymatic process in liver, intestine, muscle and kidney tissues (Figure 3). D-Met is first 

oxidized to keto-methionine by the action of enzyme D-amino acid oxidase. Keto-methionine is then transaminated by 

the transaminase enzyme into L-Met. The capacity of these two enzymes in the tissues to convert D-Met to L-Met is not 

limiting (Brachet and Puigserver, 1992). It is well documented that poultry is able to efficiently utilize both isomers of 

methionine. Therefore, DL-Met has 100 % nutritional value compared with L-Met (Krishnan et al., 2016; Facts and 

Figures 15113).  
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       D-Methionine          L-Methionine 

Figure 2:  Isomers of methionine  

 

 

Figure 3:  Metabolic pathway showing the transformation of D Met to L-Met  

 

Comparative bioavailability of DL-Met and L-Met 

L-Met is a relatively new methionine source, but various studies have been conducted in the last few decades on the 

comparative efficacy of D-Met, L-Met and DL-Met (Tipton et al., 1966; Katz and Baker, 1975; Ribeiro et al., 2005). These 

studies reported the nutritional equivalence of D-Met, L-Met and DL-Met. Dilger and Baker, (2007) observed no 

difference in the effectiveness between DL- and L-Met in purified or practical type low-protein diets fed to chicks. Equal 

bioavailability of both methionine sources is due to 100 % absorption of both (D and L) forms through the intestinal wall, 

and efficient conversion of D-form into L-form in poultry.  

Three broiler experiments were conducted at the Dutch TNO-ILOB Institute (Wageningen, The Netherlands) to compare 

the efficacy of two isomers of methionine (D and L) as well as the racemic mixture of DL-Met (Facts and Figures 15126). 

Overall, non-significant differences (P>0.05) in body weight gain and feed efficiency were found in birds fed D-Met, L-

Met and DL-Met. It was concluded that broilers can efficiently utilize both isomers (D and L) of methionine. Dose 

response broiler trials conducted at University of Kaposvar in Hungary, Feedtest in Germany, and Nutreco Canada 

Agresearch in Ontario also confirmed the equal bioavailability of DL-Met and L-Met (Facts and Figures, 15113;15114; 

15127). No significant difference (P>0.05) in growth performance was observed in birds fed diets supplemented with 

either DL-Met or L-Met. The relative bioavailability of L-Met compared with DL-Met was 99 % for daily weight gain and 

98 % for feed conversion ratio (FCR) in a dose response trial conducted at feedtest in Germany (Figure 4). It was 

concluded that both sources can equally be used in broiler diets to achieve the same performance. Saremi (2017a) also 

conducted two trials to investigate the dose-response relationship of DL-Met and D-Met in comparison to L-Met. Non-

significant relative bioavailability values of L-Met in comparison to DL-Met and D-Met were observed for body weight, 

body weight gain, FCR, carcass yield and breast meat yield. No significant difference in performance proved the 

nutritional equivalence of DL-Met, D-Met and L-Met. Recent trials on broilers also recommend 100 % bioavailability of L-
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Met compared to DL-Met in poultry (Krishnan et al., 2016). A summary of recent trials conducted on bioavailability of DL-

Met and L-Met is presented in Table 1. 

Table 1:  Summary of broiler trials (n=22) on comparative bioavailability of DL- and L-methionine 

Parameter DL-Met L-Met 

Body weight gain 100 100.05 

Feed conversion ratio 100 99.67 

Various growth performance trials also proved the nutritional equivalence of DL-Met and L-Met. Ali et al. (2016) 

conducted a study at the University of Agriculture Faisalabad, Pakistan, to compare the efficacy of methionine sources in 

broilers. Results showed no significant (P>0.05) differences for feed intake, weight gain and FCR of birds fed diets 

supplemented with DL-Met and L-Met (Figure 5). In India, a broiler trial was conducted at Sri Ramadhootha Poultry 

Research Farm in Hyderabad to compare the efficacy of methionine sources under heat stress conditions (Facts and 

Figures 15128). No significant (P<0.05) differences for feed intake, weight gain and FCR among the birds fed DL-Met 

and L-Met supplemented diets proved that the efficacy of DL-Met is equal to L-Met in broilers under heat stress 

conditions (Table 2).  

Figure 4:  Results of the nutritional values calculated for daily body weight gain and feed conversion ratio at feedtest in Germany 

 

Figure 5:  Growth performance of broilers fed experimental diets iRn a trial conducted at the University of Agriculture, Faisalabad, Pakistan 
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Table 2:  Effect of methionine sources on growth performance of broilers under heat stress conditions 

Parameter Basal DL-Met L-Met 

Parameter 3909 3989 3989 

Feed intake, g 2118b 2351a 2359a 

Body weight, g 1.85a 1.70b 1.69b 

Feed conversion ratio (g/g) 224.8b 248.4a 248.2a 

Breast meat yield (g/kg live weight) 5.71 3.3 4.3 

Mortality % 3909 3989 3989 

 

Amino acid profiling of tissues 

Dietary methionine has an impact on the tissue amino-acid composition. Conde-Aguilera et al. (2013) reported that 

deficiency in sulphur amino acids affects the amino-acid profile of tissues. On the basis of these findings, a trial was 

conducted to investigate the effect of different levels of DL-Met and L-Met on tissue amino-acid profile in broilers (Facts 

and Figures, 1702). Results showed that the amino acid profile of different tissues was found stable across the different 

doses of DL-Met and L-Met. Concentration of cysteine in the liver increased with the higher doses of DL-Met and L-Met, 

with no differences between the two methionine sources (Figure 6). Contrary to the findings of Conde-Aguilera et al. 

(2013), the amino-acids profile of tissues was not affected by dietary methionine level.  

There were significant up and down shifts in blood amino acid profile in response to different doses of either methionine 

source. However, no difference was found at each particular supplementation level between DL-Met and L-Met. 

Increase in dietary methionine reduced the concentration of 10 essential amino acids including lysine, threonine and 

valine, which is an indication of higher utilization of these amino acids due to muscle tissue synthesis (Table 3). Tissue 

amino acid findings indicate similar utilization of DL-Met and L-Met.  

Figure 6:  Liver cysteine concentration of birds fed with either deficient M+C diet or different doses of either DL-Met or L-Met (mean ± SE)  
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Table 3:  Response of plasma amino acid levels to increased dietary methionine supplementation 
 

Sharp increase Mild increase Sharp decrease Mild decrease No change 

Methionine Cysteine Lysine Isoleucine Arginine 

  Threonine Leucine Phenylalanine 

  Valine  Alanine 

  Histidine  Aspartic acid 

  Glycine  Glutamic acid 

  Serine  Taurine 

  Proline  Glutamine 

  Asparagine   

 

Blood metabolites 

Various dose response and growth performance trials confirmed the nutritional equivalence of DL-Met and L-Met. These 

studies did not explain that different doses of DL-Met and L-Met might behave differently in terms of other biological 

processes in poultry. Therefore, Saremi (2017b) conducted a study to see the effect of DL-Met and L-Met on blood 

metabolomes in broilers. Results showed that both methionine sources behaved similarly at both low and high doses. 

The significant up-regulation of homocysteine, N-acetylmethionine sulfoxide and methionine sulphone was observed at 

low doses of L-Met compared to DL-Met (Table 4). N-acetylmethionine sulphoxide and methionine sulfphone are derived 

from the oxidation of methionine. Homocysteine is also derived from the oxidation of methionine. High plasma 

concentration of homocysteine is linked with stress conditions and is known to be an independent risk factor for vascular 

diseases (Hankey and Eikelboom, 1999). The glutathione metabolic pathway was not affected by either methionine 

sources or methionine supplementation level.  

Tricarboxylic acid cycle (TCA cycle), related to metabolism of carbohydrates and energy production, was down-

regulated by L-Met supplementation in comparison to DL-Met especially at higher supplementation levels (Table 7), 

which can disturb normal metabolism. It is concluded that the blood metabolites of birds fed diets supplemented with DL- 

or L-Met showed only minor effects on their metabolism. However, up-regulation of methionine oxidation and down 

regulation of TCA cycle was observed at low and high supplementation levels of L-Met respectively. Saremi and 

Kalinowski (2016) also reported up-regulation of methionine oxidation in Ross 308 broilers fed diet with low L-Met 

supplementation compared to D-Met. Levels of 16 different lysolipids were also increased with L-Met supplementation. 

These lysolipids are known to be degraded parts of phospholipids, which are a major component of the cell membrane. 

 

 

 

 

 

 



 

 

Evonik Operations GmbH | AMINONews® | July 2021 | Page 7 / 11 

 

Table 4:  Methionine, cystine, S-adenosylmethionine (SAM), and taurine metabolism related metabolites analysed in blood of broilers fed at  

  different levels of DL- or L-methionine 

 

Metabolite 
0.07 % L 0.14 % L 0.21 % L 0.28 % L 

0.07 % DL 0.14 % DL 0.21 % DL 0.28 % DL 

Methionine 1.59 1.01 1.19 0.92 

N-acetylmethionine 1.16 1.06 0.99 0.83 

N-formylmethionine 1.14 0.96 0.98 0.86 

Methionine sulfone 1.06 1.24 1.02 0.72 

Methionine sulfoxide 1.28 1.15 1.09 0.89 

N-acetylmethionine sulfoxide 1.49 1.21 1.14 0.78 

S-adenosylhomocysteine (SAH) 1.4 0.9 1.24 0.78 

Homocysteine 1.76 0.99 1.33 0.98 

Homocystine 2.07 0.83 1.41 0.82 

alpha-ketobutyrate 1.7 0.85 1.84 0.78 

2-aminobutyrate 1.23 1.07 1.3 0.91 

2-hydroxybutyrate (AHB) 1.35 0.76 1.36 0.97 

Cysteine 1.21 1.03 1.01 0.99 

Cystine 1.27 0.99 1.09 1 

S-methylcysteine 1.06 0.92 1.37 0.87 

Cysteine s-sulfate 1.1 0.8 0.89 0.77 

Hypotaurine 1.02 0.64 1.17 0.87 

Taurine 1.05 0.72 1.03 0.82 

N-acetyltaurine 0.95 0.84 0.94 0.89 

Red (P ≤ 0.05) boxes represent significantly increased biochemicals  

 

Table 7:  Tricarboxylic acid cycle related metabolites 

 

Metabolite 
0.07 % L 0.14 % L 0.21 % L 0.28 % L 

0.07 % DL 0.14 % DL 0.21 % DL 0.28 % DL 

Citrate 0.97 0.99 0.9 0.83 

alpha-ketoglutarate 0.98 0.82 1.01 0.85 

Succinylcarnitine 1.08 0.89 1.12 0.84 

Succinate 1.17 1.27 1.19 0.63 

Fumarate 1.09 1.08 1.06 0.7 

Malate 1.11 1.04 1.05 0.73 

Itaconate (methylenesuccinate) 0.65 0.85 0.59 0.38 

Tricarballylate 0.84 1.75 1.21 0.77 

Red (P≤0.05) and pink (0.05<P<0.1) boxes in heat map represent a significant increase and a trend towards an increase in the biochemical, 

respectively. Green (P≤0.05) and light green (0.05<P<0.1) boxes in heat map represent a significant decrease and a trend towards a decrease in 

the biochemical, respectively. 

 

Expression of amino-acid transporters  

Supplementation of different methionine sources can affect the gene expression of amino acid transporters in the 

intestine. Recently, Zhang et al. (2016) conducted a study to determine the effect of methionine sources (DL-Met, L-Met, 

DL-2-hydroxy-4-methylthio butanoic acid (DL-HMTBA)) on gene expression of amino acid transporters in broilers. 

Results showed that ATB0,+ expression in duodenum tissue was higher in DL-Met and L-Met groups compared to M+C 

deficient (C) group (Figure 7). ATB0,+ is responsible for the absorption of neutral (methionine, threonine, tryptophan, and 

valine) and cationic (lysine and arginine) amino acids. Therefore, the up-regulation of ATB0,+ can positively impact on the 

absorption capacity of neutral and cationic amino acids in the duodenum. SAT2 expression was found to be higher for 
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the DL-Met group in duodenum tissue, whereas for L-Met group in ileum tissue. SAT2 response to methionine sources 

was different in the different gut segments. SAT2 is involved in neutral amino acid transport and its higher expression in 

the DL-Met fed group might lead to improvement in the absorption of neutral amino acids in the duodenum. MCT1 

expression was up-regulated by all methionine sources in comparison to the control group. MCT1 is responsible for 

absorption of short-chain fatty acids. It was concluded that supplementation with DL-Met or L-Met might have beneficial 

effects on the absorption capacity based on the up-regulation of certain amino-acids transporters. DL-Met and L-Met 

have an advantage over DL-HMTBA because of a stimulating effect on neutral and cationic amino-acid transporters. The 

use of DL-Met or L-Met might lead to a more efficient absorption capacity in the duodenum tissue. 

Figure 7: Expression of ATB0,+, MCT1 and SAT2 in small intestine of chickens fed with either deficient M+C diet or different sources of DL-Met, L-

Met, and DL-HMTBA to cover requirement of Met plus Cys (mean ± SE)  

 

Conclusions 

The results of the dose response and growth-performance studies validated the equivalence of the nutritional value of 

DL-Met and L-Met. Data on the blood metabolome of birds fed diets supplemented with DL- or L-Met showed minor 

effects on their metabolism, which indicates the similar utilization of DL-Met and L-Met. Low and high supplementation of 

L-Met can result in up-regulation of methionine oxidation and down regulation of the TCA cycle, respectively. Based on 

the results of the reported studies, the bioavailability of DL-Met and L-Met is 100 %. 

Acronyms 

D-Met  D-methionine  

DL-HMTBA  DL-2-hydroxy-4-methylthio butanoic acid  

DL-Met  DL-methionine  

FCR  feed conversion ratio  

L-Met  L-methionine  

MHA-Ca   methionine hydroxy analogue calcium salt 

MHA-FA   methionine hydroxy analogue free acid  

TCA cycle  Tricarboxylic acid cycle  
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