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Abstract: Problem statement: The aim of this study was conducted to determine the effects of 
supplementing methionine and threonine higher than the National Research Council (NRC) 
recommendation in the diets on immune responses of broiler chickens challenged with Infectious 
Bursal Disease (IBD). Approach: A total of 450 day-old male broiler chicks were assigned to one of 
the nine dietary treatments. Three levels of methionine (NRC (M1), 2 times NRC (M2) and 3 times 
NRC (M3)) and 3 levels of threonine (NRC (T1), 2 times NRC (T2) and 3 times NRC (T3)) were fed. 
On day 28, all birds were challenged with a commercial live-IBDV vaccine. Results: Antibody titer 
against IBD and ND were influenced by interaction of threonine and methionine. On 7 days after IBD 
challenge, ND antibody titer of the broilers receiving the highest level of methionine and threonine was 
significantly higher than that of other treatment groups. Lesion score of the bursa of the broilers 
receiving control diet was significantly the highest compared with the other treatments. 
Conclusion/Recommendations: The results obtained on the present study indicated that threonine and 
methionine requirements of broiler based on recommendation of NRC are not sufficient to meet the 
requirement of the new commercial poultry and commercial broiler companies under non-hygienic 
condition. 
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INTRODUCTION 

 
 Infectious Bursal Disease (IBD) is one of the most 
relevant diseases for worldwide and probably the most 
important chicken disease that has emerged in the last 
30 years. IBD is caused by a virus that is a member of 
the genus Avibirnavirus of the family Birnaviridae. IBD 
viral infection suppresses the immune system in young 
chickens, making birds susceptible to other disease. It’s 
associated with enteric infections and leads to reduce 
feed conversion and growth rates (Dobos et al., 1979; 
Becht and Müller, 1991). In poultry production, it is 
very important to improve immunity so as to prevent 
infectious diseases. Minimizing immunosuppression 

and its impact is an important strategy for success in the 
broiler industry. However, strategies to control 
immunosuppression are largely based on vaccination 
programs for broiler breeders and broiler progeny and 
management to minimize stress during rearing (Fussell, 
1998). Utilization of immunostimulants is one solution 
to improve the immunity of animals and to decrease 
their susceptibility to infectious diseases (Liu, 1999). 
There are extremely important interactions, synergisms 
and antagonisms between nutrition and immunity that 
markedly affect productivity of poultry. Severe chronic 
deficiencies of most nutrients impair the immune 
response and increase the susceptibility to infectious 
diseases. Severe nutrient deficiencies are particularly 
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deleterious to the immune system when they occur 
early in life during the development of the primary 
lymphoid organs and the maturation of immune system 
(Kirk, 1997). Experiments in chickens and mammalian 
species have shown that protein or amino acid 
deficiencies may reduce the circulating antibodies 
available to challenge organisms. For example, 
methionine, which is the first limiting amino acid in 
most commercial feeds and the most likely nutrient to 
be marginally deficient, has been shown to be important 
in antibody production to the point that the broiler’s 
methionine requirement for optimum immunity is 
higher than the requirement for growth or feed 
conversion. Minimum requirements for a given nutrient 
for maximum production are fully established (NRC, 
1994). On the other hand, the National Research 
Council (NRC) recommendation are usually based on 
the needs of healthy birds under ideal management, but 
birds in commercial systems are normally exposed to 
different kinds of stresses that it may be necessary for 
new research to conduct multiple focus and attention to 
the actual broiler requirements. However, in many 
cases it is not known whether the requirement values 
that maximize productivity in healthy, unchallenged 
birds are optimal for immunocompetence and disease 
resistance. An understanding of the mechanisms 
through which nutrition influences the immune system 
is necessary to appreciate the many complex 
interactions between diet and infectious diseases. There 
is some evidence that essential amino acids levels in the 
feed higher than NRC specifications needed to achieve 
optimal growth performance, immunocompetence and 
disease resistance (Kidd et al., 2001; Quentin et al., 
2005). Therefore, it may be necessary for new research 
to conduct multiple focus and attention to the actual 
broiler requirements. Therefore, the present experiment 
was conducted to determine the effects supplementing 
methionine and threonine higher than NRC 
recommendation in the diets on immune responses of 
broiler chickens challenged with infectious bursal 
disease.  
 

MATERIALS AND METHODS 
 
Birds and housing environment: A total of four 
hundred fifty day-old male broiler chicks (Cobb 500) 
were obtained from a local hatchery. The chicks were 
wing-banded, individually weighed and housed in floor 
pens with wood shavings as litter material. The pens 
were in a conventional open-sided house with cyclic 
temperatures (minimum, 24°C; maximum, 32°C). The 
relative humidity was between 80-90%. The area of 

each  pen was 2 m2. Feed and water were provided 
ad libitium and lighting was continuous.  
 
Experimental design: Commencing from day one, five 
replicate pens of 10 chicks each were assigned to one of 
the nine dietary treatments, giving a total of 45 pens. 
There were 3 levels of methionine in the form of DL-
methionine (NRC (M1), 2 times NRC (M2) and 3 times 
NRC (M3)) and 3 levels of threonine in the form of L-
threonine (NRC (T1), 2 times NRC (T2) and 3 times 
NRC (T3)). Birds aged 0-21 days fed diets containing 
graded concentrations of methionine (NRC, 0.75% and 
1.27% of diet) and threonine (NRC, 0.82% and 1.62% 
of diet) and diets with similarly graded concentrations 
of methionine (NRC, 0.49 and 0.88% of diet) and 
threonine (NRC, 0.76 and 1.51% of diet) to birds aged 
22-42 days. The basal diets (mash form) were 
formulated to meet or exceed requirements by the NRC 
(1994) for broiler chickens (Table 1). No antimicrobial, 
anticoccidial drugs or feed enzymes were included in 
the basal diets. The chicks were vaccinated against 
Newcastle disease (Animal Health, Fort Dodge, Iowa, 
USA) on day 7 (Intraocular) and on day 21(intranasal).  
 
Table 1: Ingredients and nutrient composition of diets 
 Starter Finisher 
Item 1-21 days 22-42 days 
Ingredient (%) 
Corn  45.35 50.95 
Soybean meal  43.97 38.22 
Palm oil 6.22 6.89 
Di calcium phosphate 1.91 1.76 
Limestone 1.20 1.05 
Salt 0.44 0.31 
Vitamin and mineral premix1 0.60 0.60 
DL-Methionine 0.20 0.10 
L-Threonine 0.00 0.00 
Lysine 0.11 0.12 
2Nutrition composition (calculated) 
 Crude protein (%) 22.00 20.00 
ME (Mcal kg−1) 3050.00 3150.00 
Available phosphorus (%) 0.45 0.42 
Calcium (%) 1.00 0.90 
Methionine 0.50 0.38 
Lysine 1.10 1.00 
Argenine 1.40 1.33 
Tryptophane 0.28 0.26 
Threonine 0.80 0.74 
Na 0.20 0.74 
Cl 0.39 0.25 
K 1.02 0.92 
Crude fiber 4.20 3.92 
DEB (Meg Kg−1) 235.00 212.00 
Ca/P 138.00 157.00 
1: Supplied per kilogram of diet: vitamin A, 1,500 IU; cholecalciferol, 
200 IU;  vitamin  E,   10 IU;  riboflavin,  3.5 mg;  pantothenic acid, 
10 mg; niacin, 30 mg; cobalamin, 10 μg; choline chloride, 1,000 mg; 
biotin,  0.15  mg;   folic acid, 0.5 mg;  thiamine 1.5 mg; pyridoxine 
3.0 mg; iron, 80 mg; zinc, 40 mg; manganese, 60 mg; iodine, 0.18 
mg; copper, 8 mg; selenium, 0.15 mg; 2: Based on NRC (1994) feed 
composition table 



Am. J. Applied Sci., 7 (1): 44-50, 2010 
 

46 

Challenge protocol: On day 28, all birds were 
challenged by oral route with a commercial live-IBDV 
vaccine (V877 strain, Malaysian Vaccines and 
Pharmaceuticals Sdn. Bhd). The strain was characterized 
as an intermediate virulent classical strain. The content of 
the 1000 dose of IBD vaccine vial was reconstituted in 
100 mL distilled water and each bird was inoculated with 
1 mL IBD virus into the lumen of the crop by oral 
gavage, that finally each bird received a dose ten times 
greater than the standard IBD vaccine.  
 
Serology and immune responses:  On 28, 35 and 42 
days, ten birds from each group were chosen at random 
and blood samples were collected from the brachial 
vein. Serum was separated by centrifugation (3000 g, 
15 min) and antibody titre against ND and IBD were 
performed using commercially available ELISA kits 
(IDEXX, Labs Inc., Westbrook, Maine, USA) 
according to manufacturer’s instructions. One hundred 
microliters of serum from each sample were used in the 
assay. ELISA absorbency was measured at 650 nm 
using an ELISA reader (Bio-Tek Instruments Inc. ELX 
800; Winooski, VT) by standard procedures. 
 
Histopathological studies and bursal lesion score: 
Bursal lesion score of broiler chickens, which were 
collected on days 28 and 42 was determined as per the 
method of Muskett et al. (1979) on a 0-5 scale (0: no 
lesion, 1: slight change, 2: scattered or partial bursal 
damage, 3: 50% or less follicle damage,  
4: 51-75% follicle damage, 5: 76-100% bursal damage). 
Briefly, eight birds from each treatment group were 
chosen at random and killed and their bursas of 
Fabricius were removed. Tissues were fixed in 10% 
neutral-buffered formalin for 24 hours, before being 
processed for routine paraffin embedding. Tissues were 
dehydrated with serial ethanol cycles (70% to absolute), 
followed by clarification in xylin and then embedded in 

paraffin. Embedding was carried out with a paraffin 
embedding station (EG 1160; Leica). Duplicate slides 
of each block were obtained. Slices of 5 µm were 
produced with a rotation microtome (RM 2155; Leica). 
Deparaffination was performed with the following 
protocol: Xylin 4 min; 100, 90, 70 and 60% ethanol for 
two min each. The slices were then stained with Mayer 
hematoxylin and eosin and mounted with mounting 
medium (DPX). Sections were then screened under the 
light microscope (Leica DM LB2, Leica Microsystems) 
at low (×5) and high (×40) magnifications for 
histopathological study (Hashemi et al., 2008). 
 
Statistical analysis: The data were analyzed by two-
way ANOVAS in a completely randomized design in a 
factorial scheme of 3×3 (methionine levels × threonine 
levels) with the PROC GLM procedure of the statistical 
analysis system (SAS Institute, 2005). All data 
presented in this paper are the actual untransformed 
data except log-transformed data were used for ND and 
IBD antibody titers when necessary to best approximate 
the normal distribution. The results were expressed as 
mean ± standard error of mean. Statistical significance 
was considered at p≤0.05. 
 

RESULTS 
 
 The IBD antibody titer was significantly higher 
before and 7 days after challenge in birds fed the 
highest level of methionine and threonine (Table 2). 
When methionine × threonine interaction was 
significant, generally the IBD antibody titers of high 
level of methionine and threonine were higher than 
control birds (Table 3). Antibody titer against ND was 
influenced by a combination of threonine and 
methionine. On 7 days after IBD challenge, the highest 
level ND antibody titer was observed in M3T3 group 
(Table 4).  

 
Table 2: Effect of methionine and threonine on serum antibody titer (log10) in broiler chickens challenged with IBD 
 Pre-challenge  7 days post challenge  14 days post challenge 
 ---------------------------------------- ------------------------------------------ ---------------------------------------- 
Main effect IBD ND IBD ND IBD ND 
M1 1.7±0.13b 2.13±0.08 2.8±0.11b 2.85±0.13 4.0±0.053 0.11±0.12  
M2 1.6±0.15b 2.19±0.09 3.1±0.10ab 3.15±0.12 4.0±0.050 3.22±0.11 
M3 2.5±0.11a 2.34±0.87 3.3±0.11a 2.93±0.13 4.0±0.050 3.01±0.13  
           
T1 1.3±0.13c 2.15±0.08 2.9±0.11b 2.98±0.11 3.9±0.050 2.75±0.12b  
T2 2.1±0.13b 2.28±0.08 3.0±0.10b 3.02±0.12 4.0±0.050 3.23±0.12a  
T3 2.5±0.13a  2.24±0.09 3.3±0.11a 2.92±0.14 4.0±0.050 3.36±0.12a  
ANOVA (p-value) 
M *** NS ** NS NS NS 
T ** NS * NS NS ** 
M × T *** *** * NS NS NS 
a-c: Means within a column with different letters differ significantly (p<0.05); *: p<0.05; **: p<0.01; ***: p<0.001; NS: Non-Significant 
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Table 3: Interaction effect (Met × Thr) on serum IBD antibody titer (log10) broiler chickens challenged with IBD  
 Pre-challenge   7 days post challenge 
 --------------------------------------------------------------------- ------------------------------------------------------------------- 
Treatments M1 M2 M3 M1  M2 M3 
T1 0.9±0.2by  0.3±0.3by  2.5±0.2axy  2.1±0.21by  3.2±0.18axy  3.4±0.20a  
T2 1.7±0.2by  2.4±0.2ax  2.4±0.2ay  3.0±0.18x  2.8±0.19y  3.2±0.19 
T3 2.6±0.2abx  2.2±0.3bx  2.8±0.2ax  3.2±0.18x  3.6±0.19x  3.4±0.20 
x-z: Means within a column-subgroup; a-c: Means within a row-subgroup with no common letters differ significantly (p<0.05)  
 
Table 4: Interaction effect (Met×Thr) on serum ND antibody titer 

(log10) broiler chickens challenged with IBD  
 7 days post challenge 
 ------------------------------------------------------------- 
Treatments M1 M2 M3 
T1 2.2±0.2xy 2.4±0.1 1.8±0.1z 
T2 2.3±0.1x 2.1±0.2 2.3±0.1y 
T3 1.8± 0.1by 2.1±0.2b 2.8±0.2 ax 
x-z: Means within a column-subgroup; a-c: Means within a row-
subgroup with no common letters differ significantly (p<0.05)  
 
Table 5: Effect of methionine and threonine on histopathological 

examinations (lesion score) of bursa in broiler chicken pre-
and post challenge 

  7 days post 14 days post 
Main effects Pre-challenge challenge challenge 
M1 0.53±0.15 3.6±0.18 4.5±0.16 
M2 0.60±0.15 3.6±0.18 4.4±0.15 
M3 0.26±0.15 3.2±0.18 4.2±0.15 
 
T1 0.60±0.18 3.7±0.18 4.3±0.16 
T2 0.26±0.18 3.5±0.18 4.2±0.15 
T3 0.53±0.18 3.2±0.18 4.4±0.15 
ANOVA (p-value) 
M NS NS NS 
T NS NS NS 
M × T NS * NS 
*: p<0.05; **: p<0.01; ***: p<0.001; NS: Non-Significant 
 
Table 6: Interaction effect (Met×Thr) on histopathological 

examinations (lesion score) of bursa on 7 d post challenge in 
broiler chicken 

 Lesion score 
 ----------------------------------------------------------- 
Treatment M1 M2 M3 
T1 4.5±0.3ax 3.4±0.3b 3.4± 0.3b 
T2 3.2±0.3y 3.5±0.3 3.3±0.3 
T3 3.3±0.3y 3.3±0.3 3.0±0.3 
x,y: Means within a column-subgroup; a-c: Means within a row-
subgroup with no common letters differ significantly (p<0.05)  
 
 Effects of methionine and threonine 
supplementation on lesion score of bursa of Fabricius in 
IBD challenged birds are shown in Table 5. Methionine 
and threonine had no significant effect on lesion scores 
of the bursa throughout the duration of study. 
Significant interaction in lesion scores of the bursa of 
the broilers was observed following seven days of IBD 
challenge (Table 6). Lesion score of the bursa of the 
broilers receiving M1T1 diet was significantly higher 
than that of other treatment groups. 

DISCUSSION 
 
 The control of immunosuppressive diseases is of 
prime importance for the nascent poultry industry in 
developing countries. In this regard, improve of feed 
formulation and enhancement of genetic resistance to 
economically important diseases should be considered 
(Bumstead et al., 1991). The resistance against 
infectious challenges requires an intense response 
orchestrated by the immune system. From the 
nutritional standpoint, feed substrates (amino acids, 
energy and enzymes) are needed to activate such a 
response (Rubin et al., 2007). Minimum requirements 
for a given nutrient for maximum production are fully 
established (NRC, 1994). Typical poultry feeds are 
furnished by corn and soybean meal may contain less 
than the desired quantity of methionine and threonine. 
The low concentration of methionine and threonine 
high-protein corn-soybean diets has lead to wide use of 
synthetic methionine and threonine supplementation in 
poultry feed. Several publications are available on the 
relation between performance traits and immunological 
responses. A negative correlation was found between 
body weight and antibody response in broilers 
(Kreukniet et al., 1996; Koenen et al., 2002). This 
correlation was also demonstrated in layer chickens 
(Gross and Siegel, 1980). Tsiagbe et al., (1987) 
suggested that the requirement for methionine for 
maximum antibody titers was greater than that for 
growth. Infections lead to several changes in amino 
acid plasma levels. Such alterations are ascribed to a 
sharp consumption of sulfur amino acids during the 
infectious challenge, imputable to the metabolic 
relationships these amino acids maintain with each 
other (Jeevanandam et al., 1990; Paaw and Davis, 
1990). From the nutritional standpoint, amino acids are 
needed for clonal proliferation of lymphocytes, 
establishment of germinative centers in the bursa of 
Fabricius to refine immunoglobulin affinity, 
recruitment of new bone marrow monocytes and 
heterocytes and synthesis of effector molecules 
(immunoglobulins, nitric oxide, lysozyme, 
complement) and communication molecules (cytokines 
and eicosanoids, for instance). Methionine plays an 
important role in humoral and cellular immune 
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responses (Swain and Johri, 2000; Shini et al., 2005). It 
has been suggested that such effect is exerted by 
intracellular glutathione and cysteine levels (Rubin et al., 
2007). One of the mechanisms proposed to explain 
methionine interference in the immune system is based 
on the proliferation of immune cells, which are 
sensitive to intracellular variations in glutathione and 
cysteine levels, compounds which also participate in the 
metabolism of methionine (Shini et al., 2005). 
Glutathione is, quantitatively speaking, the most 
abundant intracellular antioxidant compound, playing a 
variety of important roles and being vitally important for 
the protection against the emergence of oxidative stress 
that follows inflammatory processes (Le Floc’h et al., 
2004). Additionally, there is evidence that threonine 
modulates immune function in livestock (Li et al., 
2007) and immune system is sensitive to dietary 
threonine intake (Li et al., 1999). It has been reported 
that threonine is a major component of intestinal mucin 
and plasma γ-globulin in animals (Kim et al., 2007). 
Indeed, serum antibody titres increased with increasing 
dietary intake of threonine in chickens infected with the 
Newcastle disease virus (Bhargava et al., 1971). Also, 
dietary supplementation with threonine increased serum 
levels of IgG in sows (Cuaron et al., 1984). Further, 
increasing dietary threonine intake increased antibody 
production, serum IgG levels and jejunal mucosal 
concentrations of IgG and IgA (Wang et al., 2006). 
Furthermore, It should be notified that dietary 
methionine can influence the metabolism of other amino 
acids (Moritoki and Yoshida,1970; Sanchez et al., 1972) 
due to the potential effect of dietary methionine on the 
availability of threonine for host immunity, dietary 
excessive methionine being capable of depress plasma 
threonine levels (Moritoki and Yoshida,1970) and 
stimulating the activity of threonine dehydratase 
(Sanchez et al., 1972; Sanchez and Swendseid, 1969) a 
key enzyme in the pathway of serine and threonine 
catabolism and therefore ability of threonine to increase 
survival of the host depend on adequate essential amino 
acid including methionine. This is may that added 
threonine to methionine supplementation decrease 
dehydratase activity, which results in a increase of 
plasma threonine levels and a consequent in more 
antibody titer production. These observations indicated 
a synergistic effect of methionine and threonine on the 
immune response of broiler chicken at concentration 
higher than the recommendation of NRC (1994). 
 Under our experimental conditions moderate to 
extensive histopathological lesions were seen in chicks 
challenged with IBD. Significant interaction in lesion 
scores of the bursa of the broilers was observed 
following seven days after IBD challenge. The severity 

of histopathological lesions score increased in control 
group. A decreasing trend of lesion scores with a 
corresponding increase in dietary methionine and 
threonine concentration were observed. Bursa of 
Fabricius is responsible for the development of humoral 
immunity. The bursal lesions were characterized by 
lymphoid depletion and edema in the follicles, 
fibroplasias in the interfollicular connective tissues and 
proliferation of the reticular epithelial cells (Park et al., 
2009). A possible explanation of these results might be 
that dietary methionine and threonine may have 
interfered with apoptotic or necrotic process of bursal 
lymphocytes during infection of IBDV because the use 
of IBD vaccine can cause a varying degree of bursal 
lymphocytolysis (Amakye-Anim et al., 2000). Through 
protein synthesis and cellular signaling mechanisms, 
addition of threonine to the culture medium prevented 
apoptosis, stimulated cell growth and promoted 
antibody production in lymphocytes (Duval et al., 
1991). 
 

CONCLUSION 
  
 In conclusion, the results obtained on the present 
study indicated that threonine and methionine 
requirements of broiler based on recommendation of 
the National Research Council (NRC, 1994) are not 
sufficient to meet the requirement of the new 
commercial poultry and commercial broiler companies 
under non-hygienic condition and may have reduced 
profitability under condition of disease if their broilers 
are fed on the diets formulated according to the NRC. 
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