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ABSTRACT. An experiment was carried out to evaluate the requirement of digestible methionine for 

growing pullets at growth phase (7 to 12 weeks of age). A completely randomized design was distributed 

in five treatments, six replicates, and 15 pullets per experimental unit. 450 Dekalb White pullets from the 

7th weeks of age, with an average initial weight of 313.14 ± 12.49 g were used. Dietary treatments 

consisted in five diets supplemented with DL-Methionine which resulted in five levels of digestible 

methionine (0.266, 0.294, 0.322, 0.350, and 0.378 %). Performance, serological blood, histopathology and 

histomorphometry data were evaluated. Quadratic responses were observed for final live weight (p < 

0.0143), weight gain (p < 0.0073), feed conversion ratio (p < 0.0058), glycogen deposition in the liver (p < 

0.0001), gamma-glutamyl transferase enzyme activity (p < 0.0008), and villus height (p < 0.0024) with 

digestible dMet levels. In conclusion, the use of 0.343 % dMet, corresponding to a dMet:dLys ratio 55, is 

recommended for white-egg pullets from 7 to 12 weeks of age. 
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Introduction 

Methionine is the first limiting amino acid for laying hens, and can be effective for the protein synthesis, 

for the development of muscles, organs, feather, beaks, and for the production and quality of eggs.  

The update of dietary requirements for layer pullets was justified by improvement the lineages, with 

superior productive characteristics as well as unprecedented knowledge of the nutrition, management, and 

ambience fields (D’Agostini et al., 2012). 

Methionine is amino acid involved in the control of some functions in the bird’s body that potentiate 

weight gain and growth rates (Del Vesco et al., 2013), protection against liver damage (Wu et al., 2012), 

intestinal development and morphology (Shen, Ferket, Park, Malheiros & Kim, 2015), and formation and 

functioning of the immune system (Jankowski, Kubinska & Zdunczyk, 2014).  

The proper methionine nutritional level not only boosts productive performance rates, tissue formation, 

and the functioning of physiological systems, but also maximizes the preparation of pullets for the 

subsequent developer and egg-laying phases. 

Thus, the Granja Planalto (2009) manual and Rostagno et al. (2017) recommended dMet levels of  

0.52g 100g-1 for white-egg pullets from 6 to 10 weeks of age, and 0.44g 100g-1 digestible methionine for 

white-egg pullets from 5 to 10 weeks of age, respectively.  

This study aimed to determine the digestible methionine requirement for white-egg pullets from 7 to 12 

weeks of age.  

Material and methods 

The experiment was conducted in Poultry Sector, Department of Animal Science at Federal University of 

Paraíba. The project had ethical approval from the Animal Use and Care Committee of the Federal 

University of Paraíba, Brazil, under protocol number 149/2015. The total experimental period was 42 days in 

the growth phase for pullets from 7 to 12 weeks of age. 

mailto:peudure@hotmail.com
https://orcid.org/0000-0002-2044-1247
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A number of 450 Dekalb White pullets, 7 weeks old, with an average initial weight of 313.14 ± 12.49 g, 

were housed in experimental pens, measuring 1.0 × 1.5 each. The litter was sugarcane bagasse bedding and 

each box contained an incandescent 100 W light bulb for heating the pullets in the seventh weeks of life, a 

tubular feeder, and a pendulum chick drinker. Water and feed were available ad libitum, and the vaccination 

and lighting programs adopted were those suggested for the sanitation challenge in the region and by guide 

of the lineage, respectively. 

The experiment comprised a completely randomized design, with five treatments and six replicates with 

15 pullets per experimental unit. Treatments consisted of five experimental diets, a basal diet was 

formulated to meet the requirements of all nutrients, according to recommendations of Rostagno et al. 

(2011), except dMet, which was supplemented by DL-Methionine (0.0, 0.05, 0.10, 0.15, and 0.20 %), 

resulting in five dMet levels (0.266, 0.294, 0.322, 0.350 and 0.378 %), shown in Table 1. 

Table 1. Ingredients and chemical composition of the experimental diets1. 

Item 
Digestible methionine (%) 

0.266 0.294 0.3221 0.350 0.376 

Maize, 9% 80.34 80.34 80.34 80.34 80.34 

Soybean meal, 45% 12.87 12.87 12.87 12.87 12.87 

Meat and bone meal, 50% 3.12 3.12 3.12 3.12 3.12 

Maize gluten meal, 60% 1.23 1.23 1.23 1.23 1.23 

Limestone 0.89 0.89 0.89 0.89 0.89 

Dicalcium phosphate 0.49 0.49 0.49 0.49 0.49 

Salt 0.31 0.31 0.31 0.31 0.31 

L-lysine 0.06 0.06 0.06 0.06 0.06 

DL-methionine 0.05 0.10 0.15 0.20 0.25 

Choline chloride 0.07 0.07 0.07 0.07 0.07 

Vitamin premix2 0.05 0.05 0.05 0.05 0.05 

Mineral premix3 0.05 0.05 0.05 0.05 0.05 

Antioxidant4 0.01 0.01 0.01 0.01 0.01 

Washed sand5 0.49 0.44 0.39 0.34 0.29 

Nutrient calculated 
     

Crude protein (%) 16.0 16.00 16.0 16.0 16.0 

Calcium (%) 0.832 0.832 0.832 0.832 0.832 

Non-phytate P (%) 0.392 0.392 0.392 0.392 0.392 

Metabolizable energy (MJ kg-1) 12.14 12.14 12.14 12.14 12.14 

Digestible arginine (%) 0.671 0.671 0.671 0.671 0.671 

Digestible isoleucine (%) 0.466 0.466 0.466 0.466 0.466 

Digestible lysine (%) 0.621 0.621 0.621 0.621 0.621 

Digestible Met + Cys (%) 0.397 0.447 0.497 0.547 0.597 

Digestible methionine (%) 0.266 0.294 0.322 0.350 0.378 

Digestible threonine (%) 0.422 0.422 0.422 0.422 0.422 

Digestible tryptophan (%) 0.124 0.124 0.124 0.124 0.124 

Sodium (%) 0.160 0.160 0.160 0.160 0.160 

Chlorine (%) 0.254 0.254 0.254 0.254 0.254 

Potassium (%) 0.520 0.520 0.520 0.520 0.520 

Nutrient analyzed 
     

Crude protein, % 16.01 16.04 16.02 16.00 16.01 

Methionine, % 0.261 0.296 0.323 0.347 0.378 

Cysteine, % 0.132 0.152 0.178 0.198 0.214 

Lysine, % 0.692 0.691 0.691 0.693 0.692 

Threonine, % 0.491 0.488 0.492 0.493 0.490 

Isoleucine, % 0.522 0.519 0.523 0.521 0.522 

Calcium, % 0.835 0.837 0.834 0.833 0.834 

Phosphorus, % 0.393 0.394 0.393 0.395 0.394 
1Diets formulated based on ileal digestible amino acids; 2 Inorganic mineral premix per kg: Mn - 20 g; Fe - 10 g; Zn - 13.7 g; Cu - 2.5 g; Se - 0.063 g; I - 0.19 

g; excipient quantity sufficient for 500 g.3Vitamin premix per kg: vit. A - 15,000,000 IU; vit. D3 - 1,500,000 IU; vit. E - 15,000 IU; vit. B1 - 2.0 g; vit. B2 - 4.0 

g; vit. B6 - 3.0 g; vit. B12 - 0.015 g; nicotinic acid - 25 g; pantothenic acid - 10 g; vit. K3 - 3.0 g; folic acid - 1.0 g; zinc bacitracin - 10 g; selenium - 250 

mg.4Antioxidant (BHT) - 10 g; excipient quantity sufficient for 1.000 g. 

The variables were analyzed feed intake (FI, g pullet-1); final live weight (FLW, g pullet-1); weight gain (WG, g 

pullet-1); feed conversion ratio (FCR, g g-1); the growth curve; empty body weight (EBW, g pullet-1); weights of 

liver (g pullet-1), spleen (g pullet-1), and abdominal fat (AF, g pullet-1); glycogen deposition in the liver (GDL, Ishak 

Score), serum analysis of alanine aminotransferase (ALT, U L-1), aspartate aminotransferase (AST, U L-1), gamma-
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glutamyl transferase (GGT, U L-1), creatinine (CRE, mg dL-1), albumin (ALB, g dL-1), and protein (PTN, g dL-1); 

villus height (VH, µm) villus width (VW, µm), crypt depth (CD, µm), villus: crypt ratio (VH:CD, µm/µm); and 

goblet cell count (GCC, cells/villus). Additionally, a histopathology analysis of liver, kidneys, intestine, 

magnum, and uterus was performed. 

The diets samples were analyzed for DM by placing duplicate samples in a drying oven at 105°C for 24h 

(Association of Official Analytical Chemists [AOAC], 1990). Nitrogen content of feed samples were 

determined on a 0.25 g sample with a combustion analyzer (Leco model FP-2000 N analyzer, St. Joseph, MI) 

using EDTA as a calibration standard, with CP being calculated by multiplying percentage N by 6.25. For AA 

analysis, samples were prepared by 6 N HCL hydrolysis for 24h at 110°C followed by neutralization with 4 

mL 25% (wt/vol) NaOH, and then cooled to room temperature. Afterward, sodium citrate buffer was added 

and the mixture was equalized to a 50 mL volume (AOAC, 1990; method 982.30). Methionine and cystine 

(sulfur containing amino acids) were analyzed by performic acid oxidation at 0°C, followed by acid 

hydrolysis. The amino acids (AOAC, 1990; method 982.30) in the hydrolysate were determined by an AA 

analyzer (Biochrom 30. 30 plus, Biochrom Ltd, Cambridge, United Kingdom). Calcium (Ca) and phosphorus 

(P) were determined according methodologies describe by Silva and Queiroz (2002). The Ca content was 

determined in a PerlinElmer atomic absorption spectrophotometer (AAnalyst 200) at 422.7 nm wavelength, 

and P content was determined by Kasuaki digital colorimetric spectrophotometer at 725 nm wavelength.  

Concerning the growth curve, the pullets live weight was measured weekly in the period of seven to 

twelve weeks of age, totaling five curves, and the obtained data were submitted to the equation models 

proposed by Von Bertalanffy (1957), Brody (1945), Gompertz (1825), Logistic (Verhulst, 1845), and Richards 

(1959), using the GOSA Statistical Software, which gave the best adjustment for mathematical equations. 

Akaike’s Information Criterio (AIC) (Akaike, 1987) was used to choose the mathematical model that best fit 

the pullets age-weight data on the growth curves. 

On the last day of the experimental period, ten birds per treatment were slaughtered for serum and 

histopathological analyses and measurements of organs. Serum analyses were performed using a VetTest 

Blood Chemistry Analyzer. For the histopathological analyses, fragments of liver, kidneys, intestine, 

magnum, and uterus were immersed in a methacarn fixing solution (60% methanol, 30% chloroform, and 

10% acetic acid) for 12 h, and the standard histopathological procedure was performed. 

For the optical microscopy, fragments were included in paraplast and subsequently sectioned into series 

of 5 µm depth. The histological staining methods were performed: hematoxylin and eosin, Periodic Acid 

Schiff (PAS) and Masson’s trichrome. Photomicrographs were captured with a micro-camera coupled to an 

Olympus BX-51 microscope (Olympus, Tokyo, Japan), and images were digitalized on the KS 400.3 software 

(Carl Zeiss Vision GmbH, Germany). 

In the evaluation of glycogen deposition in the liver, a score was given to each evaluated animal (ten 

birds per treatment), considering the degree of positivity to PAS stain, as follows: 0 (no glycogen 

deposition), 1 (little glycogen deposition), 2 (medium glycogen deposition), 3 (elevated glycogen 

deposition), and 4 (large glycogen deposition), according to Ishak’s (modified) semi-quantitative scoring 

(Ishak et al., 1995). Assessments were undertaken by the same histologist. 

The morphometric study of villus height, crypt depth, and duodenal villus width was undertaken 

through microscope visualizations and scanning of at least two images per bird, each treatment 

consisting of 10 animals. For each image, at least three morphometric measurements were taken for 

villus height, villus width, and respective crypt depth, with 50x magnification, making 60 “n ”-shaped 

curves per treatment.  

For the morphometry of goblet cells from the duodenal villi, samples of 10 animals per treatment were also 

used. Several images were digitalized, with all samples magnified 200x. At least two images of each animal were 

chosen at random, and the intestinal epithelium was measured linearly until 10,000 µm were covered. In these 

measured linear-epithelium areas, the number of goblet cells was counted using PAS stain, being goblet cells 

magenta. Based on the results, the number of goblet cells in 1,000 µm per treatment was defined. 

Statistical analyses of the evaluated traits were run on SAS software (Statistical Analysis System [SAS], 2011). 

The estimate of digestible methionine requirement was determined by regression analyses. 

Variables FLW, WG, and FCR were the ones that best adjusted to the quadratic regression model, with 

maximum and minimum points of 0.351, 0.353, and 0.343%, respectively. On the other hand, the feed intake 

variable, showed best adjustment in the linear regression model (Table 2). 
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Results and discussion 

Table 2. Effects of treatments on final live weight (FLW), weight gain (WG), feed intake (FI), and feed conversion ratio (FCR) of pullets 

from 7 to 12 weeks of age. 

dMet, % FLW (g pullet-1)1 WG (g pullet-1)2 FI (g pullet-1)3 FCR (g g-1)4 

0.266 769 456 1860 4.10 

0.294 811 497 1881 3.79 

0.322 821 507 1874 3.69 

0.350 832 520 1892 3.64 

0.378 827 515 1915 3.72 

s.e.m. 11.34 11.51 9.21 0.08 

P-value 

    Linear 0.0001 0.0001 0.028 0.0005 

Quadratic 0.014 0.007 0.649 0.005 

CV (%) 2.86 4.08 2.17 4.73 
1                  ,R2= 0.98; 2                    ,R2= 0.98; 3          ,R2= 0.86; 4                  ,R2= 0.99. 

Based on the results obtained in this study, it can be inferred that the best level found for feed 

conversion is related to the better use of the dietary nutrients for weight gain. This improvement in the 

efficiency of use of the feed for weight gain with the increase in the dietary levels of digestible methionine + 

cystine levels is probably a result of the better amino acid balance and consequently improvement on 

protein synthesis (Shen, Ferket, Park, Malheiros & Kim, 2015).  

The dMet levels found in this study for white-egg pullets from 7 to 12 weeks of age are lower than 0.52 % 

and 0.40 %, respectively recommended by the Dekalb White (Granja Planalto, 2009) from 6 to 10 weeks, and 

W-36 strain from 6 to 12 weeks of age (Hy-Line International, 2016). What is recommended on the Dekalb 

White manual (Granja Planalto, 2009) and W-36 (Hy-Line International, 2016), is 0.82 %and 0.88 %dLys 

respectively, and the dMet:dLys ratio 63 and 45. In the present study, the optimal ratio obtained was 55, due 

to the best level of dMet 0.343 % by FCR and the use of dLys 0.621 %.  

Feed intake increased as the dMet levels were increased, to meet the pullet’s nutritional requirements. 

This increased nutrient balance resulted in better weight gain rates, as they are part of the body 

composition or participate in its formation process (Islam & Dutta, 2014). 

Some studies have shown that this increased protein synthesis is related to the induction of higher 

amounts of IGF-1 and GH in the body of birds. IGF-I and GH genes are known to be relevant in the 

production of functional substances, acting directly on the metabolism and growth of birds. However, 

dietary levels of excess methionine cause a decrease in growth, as it results in an amino acid imbalance, in 

addition to its excess it suffers an oxidation that promotes the production of sulfate, leading to a metabolic 

acidosis (Flora et al., 2017). 

On the growth curve data on the pullets from 7 to 12 weeks of age, the best adjustment of the 

mathematical model proposed by Gompertz, with the parameters estimated by the function showing the 

lowest AIC (1442.120) (Table 3).  

Table 3. Properties of the non-linear models applied in the growth curve of pullets from 7 to 12 weeks. 

Model Equation AIC1 

Von Bertalanffy                  1445.940 

Brody                 1445.330 

Gompertz               1442.120 

Logistic                  1442.886 

Richards                 1443.977 

1Akaike Information Criterion. 

Accordingly, this model best described the average growth curve of the pullets from 7 to 12 weeks of age 

(Figure 1). In the growth curve, the better performance of the pullets that received the diet containing the 

levels of 0.350 and 0.378 % dMet was visible. The worst growth performances represented mathematically 

were obtained by the pullets that were fed diets with lowest dMet levels (0.294 and 0.266 %). 

The results obtained in the graphic analysis for growth pullets from 7 to 12 weeks of age is a consequence 

of the better productive efficiency, serological, and histomorphometric performance data observed in the 

pullets that received slightly higher levels of dMet than those recommended by the Rostagno et al. (2011), 
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0.273 % dMet and dMet:dLys 44, which resulted in better use of nutrients and amino acids, greater protein 

synthesis, and better tissue formation in their body. 

No statistical effect was detected on the relative final body weight or weights of liver, spleen, and 

abdominal fat of the birds from 7 to 12 weeks of age (Table 4). 

The lack of significant differences between the dMet levels on the relative weights of the empty body, 

liver, spleen, and abdominal fat was probably because the most part of the development and formation of 

organs occurred in the starter phase (from 1 to 6 weeks of age), and thus they were not much affected by the 

dMet levels in the subsequent stage. 

 

Figure 1. Growth curve fitted according to Gompertz model. 

Table 4. Effects of treatments on the relative final weights of empty body (EBW), liver (LIV), spleen (SPL), and abdominal fat (AF) of 

pullets from 7 to 12 weeks of age. 

dMet, % 
 

EBW (%) LIV (%) SPL (%) AF (%) 

0.266 

 

77.87 1.95 0.17 1.34 

0.294 

 

77.88 1.99 0.20 1.28 

0.322 

 

76.34 1.96 0.21 1.27 

0.350 

 

77.24 2.02 0.20 1.26 

0.378 

 

77.34 1.94 0.18 1.29 

s.e.m. 

 

0.28 0.01 0.01 0.01 

P-value 

     Linear 

 

0.427 0.934 0.777 0.706 

Quadratic 

 

0.302 0.602 0.247 0.637 

CV (%) 

 

2.46 10.34 32.58 22.87 

 

According to Hy-Line International (2016), the development of pullets is a multi-stage process, in which 

organs grow from 1 to 5 weeks of age; bones, from 6 to 12 weeks; and reproductive tract, from 13 to 18 

weeks, and the best nutritional adequacy should follow these physiological development stages. 

However, in the pre-laying phase, the higher relative liver weight may be associated with higher laying 

precocity, since the onset of female reproductive activity implies greater activity of this organ for synthesis 

of the yolk material and to be decoded in the ovary (Braz et al., 2011), as well as an interaction between body 

fat and laying reproductive system development (Börnelov et al., 2018).  

No signs of liver steatosis were detected in the analyzed treatments, as demonstrated in the 

histopathological studies. The minimum point found for glycogen deposition in the liver was 0.348g/100g 

dMet, estimated by the derivative of the regression equation (Table 5). 
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Table 5. Modified Ishak’s semi-quantitative scoring system for positivity to Periodic Acid Shiff (PAS) staining as indicative of stocked 

hepatic glycogen in twelve-week-old white pullets supplemented with levels of dMet. 

dMet, g 100g-1 
Ishak Score 

0 1 2 3 4 Mean 

0.266 0 0 0 2 8 3.8 

0.294 0 0 0 0 10 4.0 

0.322 2 6 2 0 0 1.0 

0.350 0 9 1 0 0 1.1 

0.378 0 1 7 2 0 2.1 

s.e.m. 
     

0.64 

P-value 
      

Linear 
     

0.0001 

Quadratic 
     

0.0001 

CV (%) 
     

18.38 

                  , R2= 0.67. 

Methionine plays a role in liver fat metabolism because it is necessary for fat methylation processes, and 

as consequence of amino acid deficiency, there is accumulation in the liver of the birds, and a relationship 

between methylation and gene of lipoprotein lipase in birds in nutrient deficiency situations of the sulfur 

amino acids (Aggrey, González-Cerón, Rekaya, & Mercier, 2018).  

Nevertheless, the methionine levels used in the study at this rearing stage were not sufficient to cause 

clinical liver damage as found in the analyzes. The amino acid imbalance caused by the excess or deficiency 

of methionine in the diets was limited to changes in the pullet’s productive performance, where the 

treatments containing the methionine levels closer to the amino acid balance showed a better productive 

performance and metabolic activity. According to Flora et al. (2017) high concentrations of methionine in 

the diet causes toxicity in birds, initially reducing feed intake and growth retardation. 

The lack of significant effects on the relative weights of the spleen may have stemmed from factors 

associated with the lower dietary requirement of dMet for the normal formation and operation of this 

component of the immune system of growing pullets, from 7 to 12 weeks of age. In this regard, Kidd (2004) 

observed in nutrition-immunology studies, that the nutritional requirements for immune responses do not 

coincide with those for growth or tissue deposition. Diets whose treatments contained the lowest dMet (0.266 e 

0.294%) levels presented the lowest efficiency in the aminoacidic use, being its majority carried to formation of 

energetic sources, such as glycogen deposition in the liver. It can be seen in the histologic studies on Figure 2. 

The deposition of glycogen in the liver was verified by the higher positivity to periodic acid Schiff stain (Figure 2).  

The increase dMet levels had a quadratic adjustment on the variable gamma-glutamyl transferase, whose 

minimum obtained value was at 0.321 % (Table 6). Serum levels of alanine aminotransferase, albumin, and 

protein responded linearly (p < 0.05) to the digestible methionine + cystine levels tested.  

 
Figure 2. Photomicrographs of the liver from white-egg pullets at 12 weeks of age supplemented with dMet levels. A) Liver from white-

egg pullets representing the treatment supplemented with 0.266 % dMet. B) Liver from white-egg pullets representing the treatment 

supplemented with 0.294 % dMet. C) Liver from white-egg pullets representing the treatment supplemented with 0.350 % dMet. D) 

Liver from white-egg pullets representing the treatment supplemented with 0.378 % dMet. Periodic acid Schiff staining. Bar: 200 µm. 
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Table 6. Effects of treatments on the activity of enzymes alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-

glutamyl transferase (GGM) and serum creatinine (CRE), albumin (ALB) and protein (PTN) in pullets from 7 to 12 weeks of age. 

dMet, % ALT (U L-1) AST (U L-1) GGT (U L-1)1 CRE (mg dL-1) ALB (g dL-1) PTN (g dL-1) 

0.266 3.25 180 34.3 0.660 1.67 3.66 

0.294 4.50 174 33.2 0.665 1.79 3.69 

0.322 5.13 192 30.7 0.639 1.90 3.66 

0.350 4.00 164 32.5 0.650 1.94 3.83 

0.378 4.75 189 35.1 0.720 2.98 4.05 

s.e.m. 0.33 5.09 0.76 0.01 0.24 0.08 

P-value 
      

Linear 0.046 0.710 0.785 0.174 0.0001 0.014 

Quadratic 0.063 0.414 0.0008 0.069 0.910 0.170 

CV (%) 24.87 9.45 7.29 10.11 10.34 8.40 
1
                 , R2= 0.87. 

The diets in the treatments containing higher levels of dMet (0.350 and 0.378 %) provided a greater 

efficiency in the use of amino acids. 

Although there were no signs of liver injury on the treatments studied, the lower serum gamma-glutamyl 

transferase values found in treatments that were supplemented with 0.322 and 0.350% dMet is indicative of 

lower fat deposition, as found in histological analyzes (Figure 2). Montonen et al. (2012) correlated the elevation 

in serum levels of gamma-glutamyl transferase and alanine aminotransferase with an increase in hepatic fat 

deposition. Similarly, Samuel et al. (2004) proposed that liver enzymes, especially gamma-glutamyl transferase, 

may serve as indicators of hepatic fat, which is related to increased glycogenesis. The enzymatic activity values 

found in this study are within the normal range for species (Kaneko, Harvey & Bruss, 2008). 

The dMet levels stimulated the formation of albumin and protein. The higher availability of these 

compounds may promote better development of the body and reproductive system in the pullets. Emadi et 

al. (2010) reported that decreased total serum protein and albumin levels are directly associated with low 

levels of dietary protein and amino acids for poultry, thus evidencing the importance of donors of the 

methyl group in protein metabolism and maximization of the metabolic functioning of birds. 

Handique, Saikia, Dowarah, Saikia, and Tamuly (2019) observed that higher serum protein values may be 

attributed to higher crude protein metabolism with higher nitrogen retention due to adequate dietary amino 

acid balance, resulting in increased absorption and circulation of amino acids in the blood. With the 

increased availability of amino acids in the poultry organism, through the optimal level of methionine in the 

diet, it is expected that the anabolism process will be maximized, while a reduction in the catabolic process, 

favoring protein synthesis in different tissues body (Zeitz et al., 2019). 

As regards creatinine, the lack of statistical effects on this variable (p > 0.05) indicates that it does not 

affect the urinary system, which corroborated the histopathological findings. In other words, the increased 

amounts of dMet did not cause kidney damage. 

In the analysis of the histomorphometric variables, no statistical effect (p > 0.05) was found between the 

treatments, except for villus height, which showed a quadratic response in the regression analysis; the 

maximum point for this variable was found at 0.324 % (Table 7).  

Table 7. Effect of treatments on villus height (VH, µm), villus width (VW, µm), crypt depth (CD, µm), villus crypt ratio (VH:CD, µm µm-1), 

and goblet cell count (GCC, cells/villus) in white pullets at twelve weeks of age. 

dMet, % VH1 VW CD VH:CD GCC 

0.266 1136 99 410 3.37 135 

0.294 1178 104 340 3.50 163 

0.322 1239 112 317 4.13 155 

0.350 1264 102 408 3.44 180 

0.378 1114 102 355 3.21 157 

s.e.m. 28.80 2.13 18.59 0.16 7.16 

P-value 

     Linear 0.705 0.794 0.721 0.701 0.295 

Quadratic 0.002 0.213 0.306 0.085 0.295 

CV (%) 9.36 17.49 33.06 27.91 35.78 
1
                   R2= 0.77. 

The increase of dMet levels provided an increase in villus height, reflected mainly at 0.322 % and 0.350 

%, respectively (Figure 3). 
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Figure 3. Photomicrographs of the intestine of white-egg pullets at 12 weeks of age supplemented with dMet levels. A) Intestine of 

white-egg pullets representing the treatment supplemented with 0.266, 0.294, and 0.378 % dMet. B) Intestine of white-egg pullets 

representing the treatment supplemented with 0.322 and 0.350 % dMet. Hematoxylin and eosin staining. Bar: 1 mm. 

Methionine is required for enterocyte and intestinal development. It decreases crypt proliferation, limits 

the number of enterocytes available and the villus growth. Therefore, the villus increases are linked to a 

higher digestive activity and intestinal absorption, resulting from an increase in the area of absorption, 

enzymatic secretion in the membrane brush border, nutrient transport system, and consequently 

potentiation of the productive performance of the bird (Norouzian, Alirezaei, Dezfoulian & Taati, 2018).  

In addition, methionine is a precursor of cystine, which plays a key role in maintaining the protein 

function and activity of glutathione peroxidase (GSH), which is an important cellular antioxidant (Ruan et 

al., 2018). Therefore, Shen, Ferket, Park, Malheiros, and Kim (2015) was found that methionine 

supplementation increases GSH levels and total antioxidant capacity in the duodenum mucosa, improving the 

development of intestinal villi, indicating that these beneficial effects are due to their antioxidant function. 

Conclusion 

Based on feed conversion results, a level of 0.343% dMet with dMet:Lys ratio 55, is recommended for 

white-egg pullets from 7 to 12 weeks of age. 
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