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Abstract: The aim of this study was to find the effect of methionine and threcnine
supplementations higher than the NRC recommendation on growth performance
and white blood cell differentiation of broiler chickens challenged with infectious
bursal disease. A total of 450 day-old male broiler chicks were assigned to nine
groups. Chickens were fed by three graded levels of DL- methionine [NRC (M]1),
2 times NRC (M2) and 3 times NRC (M3)] and three graded levels of L-threonine
[NRC(T1), 2 times NRC (T2) and 3 times NRC (T3)] from day 1-42 of age. On day 28,
all birds were challenged with a commercial live-IBDV vaccine. Body Weight Gain
(BWG) and Feed Intake (FT) and Feed Conversion Ratio (FCR) were significantly
influenced by the dietary treatments before challenge and either methionine or
threonine at the highest levels significantly decreased BWQ@G, FT and FCR in broiler
chickens. Birds were fed with M3T3 had the lowest body weight gain after
challenge. Supplementation of two times methionine and threonine (M2T2) to the
diet decreased peripheral blood heterophils and increased lymphocytes and H/T.
ratio on day 28. On day 42, complete white blood cell tended to increase with
increasing level of methionine supplementation. Threonine did not affect peripheral
blood differential leukocyte count of broiler chickens. In conclusion, our data
suggest that the methionine and threonine requirement of male broiler chicks is
higher for growth performance than was suggested by the last NRC committee and
methionine and threonine higher than NRC requirements in tropical condition can
ameliorate the negative effects of heat stress.

Key words: Methionine, threonine, broiler, infectious bursal disease, white blood
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INTRODUCTION

Improvement in genetic potentials and management practice and also increase in poultry
production over the last 15 years in tropical and sub-tropical regions is required to adjust the
valuable formulation strategy under tropical climate. Nutrient requirement standards have
been reported by the National Research Council (NRC, 1994) 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, diseases and also the combination of environmental
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condition. So, both the ambient and stress conditions ought to be well managed to avoid
negative effects on poultry production. Infectious Bursal Disease (IBD) also known as
Gumboro disease, is a highly contagious viral infection of chickens that is seen worldwide
in the last 30 vears. When broilers are subjected to conditions of disease there is
consistently consideration of altering diet formulation. Such changes may involve
replacement of specific ingredients and/or alterations to nutrient levels in the diet. There is
some evidence that essential amino acid level in the feed higher than of NRC specifications
needed to achieve optimal immune system and growth performance (Quentin et al., 2005) and
also to compensate for the depressed growth performance in hot conditions, various
nutritional conditions have been investigated. Infections lead to several changes in amino
acid plasma levels and dietary levels of certain individual amino acids has been shown to
affect immune response (Jeevanandam et al., 1990; Paaw and Davis, 1990). Furthermore, the
reduction in protein synthesis and depress in plasma amino acid concentrations at high
ambient temperatures it has been reported by Geraert et al. (1996) and Temim et al. (2000).
Methionine, lysine and threomne are regarded as to be the first, second and third limiting
amino acids in broilers fed practical corn-soybean meal diets (Ojano-Dirain and Waldroup,
2002). Many research studies in the past decade and the majority of amino acid requirement
research has been established on lysine (Sibbald and Wolynetz, 1987, Han and Baler, 1991,
Bilgili et al, 1992, Holsheimer and Veerkamp, 1992). Unfortunately, research into the
threonine and methionine requirements of broilers is sparse compared with that of lysine and
valuable information on the effect of methionine and threonine supplementation on
performance of TBD challenged broiler chickens is lacking. Therefore, the objective of present
experiment was to evaluate the effects of dietary methionine and threonine supplementation
on performance of broiler chickens challenged with infectious bursal disease under tropical
condition.

MATERIALS AND METHODS

Birds and Housing Environment

This experiment was carried out in the poultry research farm of the University Putra
Malaysia. 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; maximur, 34°C). The relative humidity was
between 80 to 90%. The area of each pen was 2 m”. 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-methiomne [NRC (M), 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, Towa, USA) on day 7
(intraocular) and on day 21{intranasal).
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Table 1: Ingredients and nutrient composition of diets

Ttems Starter 1 to 21 day Finisher 22 to 42 day
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 premix! 0.60 0.60
DL-Methionine 0.20 0.10
L-Threonine 0.00 0.00
Lysine 0.11 0.12
2Calculated composition

Crude protein (%) 22 20
ME (Mcal kg™) 3050 3150
Available phosphorus (%) 0.45 0.42
Calcium (%6) 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 4.20 392
DEB (meg kg™!) 235 212
Ca/P 138 157

'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 pg; choline chloride, 1,000 mg; bictin, .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. *Based on NRC (1994) feed compeosition table

Challenge Protocol

On day 28, all birds were challenged by oral route with a commercial live-IBDY vaccine
(V877 strain, Malaysian Vaccmes and Pharmaceuticals Sdn. Bhd). The strain was
characterized as an mtermediate 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.

Performance Parameters

The chickens were weighed individually onday 1, 7, 14, 21, 28, 35 and 42. Feed intake
was recorded weekly and Feed Conversion Ratios (FCR) were calculated. Mortality was
recorded daily m each subgroup.

Differential Leukocyte Counts

At the end of 28 and 42 day, blood samples were collected into heparinized vials from
the brachial vein of 8 birds per treatment. Complete white blood cell counts and differential
leukocyte counts were performed manually to test for changes in absolute numbers of
leukocytes, lymphocytes, heterophil, monocytes, eosinophils and basophils.

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
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of the Statistical Analysis System. Mortality data were subjected to chi-square analysis.
The results were expressed as MeantSE. Statistical sigmificance was considered at
p=0.05.

RESULTS

The effects of methionine and threonine on Body Weight Gain (BW@G), Feed Intake (FT)
and Feed Conversation Ratio (FCR) m broiler chickens 1s shown m Table 2. On day 28 (period
before IBD challenge), BWG, FT and FCR were significantly influenced by the dietary
treatments and either methionine or threonine at the highest levels sigmficantly decreased
BWG and FT whereas FCR was significantly improved. There were significant interactions
between methionine and threonine on FCR (Table 3). Supplementation of the basal diet with
the highest levels of methionine or threonine (M3T3) had an improvement in FCR compare
with other group.

On day 28-42 (challenge period), the highest level of threonine sigmficantly decreased
BWG m broiler chickens. In the M3 group, feed intake was sigmficantly decreased, although,
there were no significant differences on feed intake between M2 and M3 groups. The BWG
were significantly influenced by methiomne and threonine interaction (Table 3). Birds were
fed with M3T3 had the lowest body weight gain.

The effect of dietary methionine and threonine on peripheral blood differential leukocyte
count in broiler chickens is shown in Table 4. On day 28 (pre-challenge), peripheral blood
heterophils, lymphocytes numbers and heterophils to lymphocytes ratio (H/L) were
influenced by methionine and threonine interaction. In the M2T2 group, the peripheral blood
heterophils was significantly decreased whereas lymphocytes and H/L ratio was sigmficantly
increased compared with the other diets (Table 5). Other leukocyte subpopulations were not
affected by the dietary treatments.

Table 2: The effects of methionine and threonine on Body Weight Gain (BWG), Feed Intake (FI) and Feed Conversation
Ratio (FCR) in broiler chickens (Mean+SEM)

BWG (g) FI (g bird™") FCR BWG (g) FI (g bird™) FCR
T i s A e e ——— (day 1-28) (day 28-42)
M1 1224+13% 2107+43¢ 1.56+0.03* 1064+19 2248+39° 2.3+0.07
M2 1253+13 1987434 1.45£0.04° 1062+19 219900 2.3£0.06
M3 1133+15° 1709+48° 1.39+0.04° 1011+25 2013+62° 2.2+0.04
T1 1235413 207048 1.5440.03° 1111418 2279436 2.2+0.06
T2 1229+13* 195345 1.45+0.03 1057+£22% 2007+94 2.3£0.10
T3 1146+16° 1780+62° 1.41+£0.04° 969£20° 2085162 2.3+0.07
ANOVA
MxT NS NS * Hkk NS NS

Means within a column with different letter(s) differ significantly (p<0.03). *p<i0.05, *#p<0.01, ***p<0.001,
NS: Non-significant

Table 3: Means+SEM Feed Conversion Ratio (FCR) and Body Weight Gain (BWG) of broiler chickens where
methionine xthreonine interactions were significant

FCR (1-28 day) BWG (28-42 day)
Treatments M1 M2 M3 M1 M2 M3
Tl 1.7+£0.03= 1.5+0.04% 1.4+0.02% 1021436 1146+32= 1148+34=
T2 1.5£0.03% 1,520,045 1.4:£0.02% 1132438 1030205y 00045
T3 160,04 1.4=£0.08% 1.3+0.06% 10334255 1000307 8§39

*Zheans within a column-subgroup and **Means within a row-subgroup with no common letter(s) differ significantly
(p<0.05)
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Table 4: Effect of dietary methionine and threonine on peripheral blood differential leukocyte count in broiler chickens

WBC Eosinophils Basophils Monocytes  Heterophils  Lymphocytes
Main effect (<1 mL™") (20) /L ratio
Pre-challenge (day 28)
M1 1.6+0.23 2.4+0.2 3.8+0.5 15.4+0.8 44.0+1.6 34.0£1.6 1.3£0.09
M2 1.0+0.13 3.1+£0.3 5.5+0.6 14.6+1.1 39.6+1.7 35.0+1.2 1.1£0.09
M3 1.4+0.14 2.9+0.4 6.2+0.7 12.9+1.0 41.2+2.3 32.9+41.7 1.4+0.10
T1 1.2+0.17 2.6+0.2 5.4+0.6 16.4+0.9 38.7+1.7 31.6+1.5 1.2+0.09
T2 1.4+0.23 2.5+0.3 5.6+0.7 12.2+1.4 42.8+1.9 34.9+1.4 1.2+0.10
T3 1.3+0.12 3.3+0.4 4. 5+0.6 14.4+0.9 43.5+2.0 36.0+£1.4 1.2+0.09
ANOVA (p-value)
M NS NS NS NS NS NS NS
T NS NS NS NS NS NS Ns
MxT NS NS NS NS * * ik
14 day post challenge (day 42)
M1 1.0£0.26° 4.9+£0.8 4.0£0.7 9.8+2.3 38824 36.8£2.4 1.1£0.1
M2 1.8+0.23* 3.5+¢0.7 4.8+0.5 10.3+2.8 46.0+3.1 37.6+3.4 1.5+0.2
M3 2.1+0.24* 4.8£0.6 5.3+£0.8 9324 439422 36.5.£2.5 1.3x0.2
T1 1.4+0.29 4.5+0.9 5.8+0.6 9.4+1.6 39.1+2.6 39.6+2.8 1.1+0.1
T2 1.7+0.28 4.1+0.6 4.1+0.7 10.4+2.2 44.6+2.6 38.6+2.6 1.3+0.2
T3 1.7+0.21 4.6+0.5 4.4+0.6 9.4+3.3 44.9+2.2 33.4+2.7 1.5+0.2
ANOVA (p-value)
M ik NS NS NS NS NS NS
T NS NS NS NS NS NS NS
MxT N8 NS NS N8 NS NS N8

Means within a column with different letter(s) differ significantly (p<0.03). #p<0.035, **p<0.01, ***p<0.001,
NS : Non-significant. WBC: White blood cell; HA.: Heterophils to lymphocytes ratio

Table 5: Interaction effect (Met<Thr) on heterophils, lymphocytes and heterophils to lymphocytes ratio on day 28
(pre-challenge) in broiler chickens challenged with IBD

Heterophils (%0) Lymphocytes (%) H/L
Treatments M1 M2 M3 M1 M2 M3 M1 M2 M3
T1 42.241.6* 41.4+1.8 32.3+£3.6% 30.4+2.17 3224097 32341  1.540.14%  1.2+0.10% 0.9+0.18
T2 47.0+1.8  35.7+3.5 456204 315177 40.3+1.1% 32.5+1.4° 1.5+0.11% 0.7+0.12% 1.4=+0.06°
T3 42,9443 A41.8+£3.7 457828 401200 33.9+2.0°F 339424 1.040.15  1.3+016  1.2+0.17

*Means within a column-subgroup and **Means within a row-subgroup with no common letter(s) differ significantly
(p<0.05)

On 14 day post challenge (day 42), only complete white blood cell was altered by the
dietary methionine. Complete white blood cell tended to increase with increasing level of
methionine supplementation. Threonine did not affect peripheral blood differential leukocyte
count of broiler chickens. No significant interactions were observed between methionine and
threonine on day 42.

DISCUSSION

The low concentration of methionine and threonine in high-protein corn-soybean diets
has lead to wide use of synthetic methiomne and threomne supplementation 1 poultry feed.
Dietary characteristics can modulate a bird’s susceptibility to mfectious challenges and
subtle influences due to the level of nutrients or the types of mgredients may at times be of
critical importance (Klasing, 1998). The single most striking observation to emerge from the
present study data on day 28 was supplementation of two times methionine and threonine
(M2T2) to the diet decreased peripheral blood heterophils and increased lymphocytes
resulted decreasing in H/L ratio. Zulkifli et al. (2003) reported that the heterophil to
lymphocyte ratio 1s a reliable mdicator of avian stress. Broilers exposed to various forms of
stress have clearly shown an increase in heterophils and a decrease m lymphocytes, which
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leads to an increase in the H/L ratio (Martrenchar et al., 1997; Feddes et al., 2002). Tt has been
showed stress condition could increase the demand for some amino acids, either due to
synthesis of specific proteins, to selective catabolism, or to use mn the synthesis of specific
molecules (Obled ef al., 2002; Reeds and Jahoor, 2001). Decrease in H/L ratio in this study
may be explained by the fact that our experiment performed in tropical condition and
requirements to extra amino acid which probably reflects the synthesis of proteins or other
specific compounds like hormones and Hsp70 can ameliorate the negative effects of heat
stress. There are however, other possible explanations.

The higher population of WBC in the peripheral blood by the dietary methionine after
challenge was in agreement with those of Bhargava et al. (1971a) and Al-Maya (2006), who
stated that mamipulation of some nutrient resulted immunoregulatory consequences due to
the participation of the nutrient or its products in commumcation within and between
leukocytes. In chickens, it has been shown that shortage or excess of dietary protein
(Payne et al., 1990) or amino acids (Bhargava et al., 1971b) alters immune responses. From
the nutritional point view, amino acids are needed to trigger such a response, which consists
in 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 effectors molecules (immunoglobulins, nitric oxide, lysozyme)
and commumnication molecules such as cytokines and eicosanoids (Rubin et af, 2007).
Research has shown that methiomine interferes in the immune system, improving both
humoral and cellular response. Tt has also been observed that methionine requirements are
higher when the purpose is to maintain optimal immunity levels, as compared to growth
(Swain and Johri, 2000, Shim et af., 2005) and that lower sulfur amino acid like methionine
and cysteine levels result m a severe lymphocyte depletion in the intestine tissues
(Peyer's patches) and in the lamina propria (Swain and Johri, 2000). Generally, the peripheral
blood differential leukocyte count obtained in this present study and the preponderant
values m the methiomne and threonine supplement may justify the positive relationship
between nutrients and health parameters of bird.

Furthermore, NRC requirements for amino acids and protein are designed to support
maximum growth and production in healthy bird kept under ideal conditions. The
recommended levels for methionmme and threonin m poultry depend on species, stage,
environment condition and level of feed energy. The present findings although indicated that
there was a significant decline in BWG and feed intake in birds subjected to the highest level
of threonine and methionine before challenge but birds fed M2T3 and M3T3 diets had
significantly better FCR than those fed with NRC diet before challenge and the highest body
weight gain was observed in broiler chickens fed M2T1, M3T1 and M2T2 diets after
challenge. Fasuyi and Aletor (2005) reported that better performance can still be obtained
with adequate supplementation of essential amino acids especially methionine which has
been 1dentified to be in marginal quantities in most poultry diets. Garlich (1985) found that
feed conversion was better when methionine was supplemented. An mmprove in broiler
performance when methionine was added to a corn-soybean diet has been reported by
Virtanen and Rosi (1995) and Hesabi et al. (2006). In contrary to our result, no significant
effects were seen for methiomne levels on feed conversion, by Meirelles ef af. (2003). They
however, observed numerical improvement with the increasing ratio. Furthermore, one report
(Thomas et al., 1979) suggests that the requirement of a commercial strain of broiler chicks
is near 0.81% threonine. Their studies demonstrate that 0.64% dietary threonine was
msufficient for maximum growth and efficiency of feed utilization by Leghom chicks.
However, the findings of the current study do not support the earlier studies by Kidd et al.
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(1997), Smith and Waldroup (1988) that the NRC (1994) estimate on threonine, for 0-3 week
old chicks are too high. Improvement of feed efficiency in highest level of threonine and
methionine before challenge may be explained as follows: nowadays birds need to more
energy and protein to meet their needs compare with commercial birds were available in last
decade due to genetic selection as well as management practice and feed related changes
(Chamruspollert et al., 2002), nutrition recommended set by NRC are usually based on the
need of healthy birds under ideal management, male broilers were used in our experiment
and methionine requirement of male broilers 1s more than NRC (1994) recommendation
(Hesabi et al., 2006) and finally, amino acid interactions such as arginine and methionine in
chicks raised at high temperatures likely differ from those raised at ambient temperature
(Chamruspollert et af., 2004). Additionally, 1t should be noted that although threonine
requirement of young chicks has been studied extensively but there 1s evidence that
threonine requirement of the broiler chick affected by protein, amino acid level and source
(Robbins, 1987, Koide and Ishibashi, 1995).

Decreasing feed intake in our experiment at initial phase (1-28) may be related to
mfluence of amino acid on appetite control. Hypothalamus is an area of the brain that plays
a critical role to control appetite in poultry. This may that excess methionine and threonine
result in stimulate and increased hypothalamus activity to decrease feed intake. This
observed results are consistent with those Harper ef af. (1970), Edmonds and Baker (1987)
and Peng et al. (1973), who found that excessive dietary amino tend to attenuate feed
intake.

Tn conclusion, these results indicate that supplementing diets with synthetic methionine
and threonine more than NRC recommendation could be a nutritional strategy to cope with
the unfavorable stress conditions for inprovement m broiler chickens performance and
immune cells in tropical region.
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