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Abstract: Problem statement: The aim of this study was to verify the effectsméthionine and
threonine supplementations higher than the NRC metendation on growth performance, liver
function enzymes, blood parameters and immunedsse@ibroiler chickens challenged with infectious
bursal diseaseApproach: A total of 450 day-old male broiler chicks weresigaed to nine groups.
Chickens were fed by three graded levels of DL-m@ihe [NRC (M1), 2 times NRC (M2) and 3
times NRC (M3)] and three graded levels of L-thieerfNRC (T1), 2 times NRC (T2) and 3 times
NRC (T3)] from day 1-42 of age. On day 28, all kirdere challenged with a commercial live-IBDV
vaccine.Results. Body Weight Gain (BWG) and Feed Intake (FI) anéd~€onversion Ratio (FCR)
were significantly influenced by the dietary treatits in starter phase and either methionine or
threonine at the highest levels significantly dasexd BWG, Fl and FCR in broiler chickens. A similar
trend by methionine and threonine at the highestl¢ewas noted on BWG and Fl in grower phase.
The highest level of threonine significantly incsed spleen weight on day 28 (pre-challenge) and 14
days post challenge. At 14 days after challengetady supplementation of methionine at NRC
recommended level (M1) significantly increased theerum concentrations of Alanine
Aminotransferase (ALT), aspartate Aminotransfel@s®T) and Lactate Dehydrogenase (LDH). In the
T3 group, the serum concentrations of AST and LD#ensignificantly decreased, whereas the serum
uric acid concentration was = significantly increasedConclusion/Recommendations:

In conclusion, our data suggest that the meth@aimd threonine requirement of male broiler chisks
higher for growth performance than was suggestedhbylast NRC committee and liver function
enzymes results showed that methionine and threaipplementation three times higher than NRC
requirements in broiler chickens has not toxic ptiéd.
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INTRODUCTION recommendation are usually based on the needs of
healthy birds under ideal condition, but birds in
Methionine and threonine are regarded as to be theommercial systems are normally exposed to difteren
first and third limiting amino acids in broilers de kinds of stresses, diseases and also the comhinatio
practical corn-soybean meal diets (Ojano-Dirain andenvironmental condition. Infectious Bursal Disease
Waldroup, 2002). Optimal levels of these amino scid (IBD), also known as Gumboro Disease, is one of the
are needed to support optimum growth and health afmost important poultry diseases in the last 30 selar
broilers. Nutrient requirement standards have beers a highly contagious viral disease, affecting the
reported by the National Research Council (NRC,immune system of poultry. However, it is often not
1994) and through more than 25 years due to geneti®@cognized due to a subclinical form. Affected &hkits
selection, management practice and feed formulatiohave reduced antibody response to vaccinatiorengtr
changes birds have more rapid growth and bettepostvaccinal reactions and increased susceptiktidity
performance than previous years (Havenstginal.,  concurrent or secondary infections. It has beeorted
1994; Williamset al., 2000). On the other hand, NRC that amino acids requirements increased in diseade
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infectious and infections lead to several changes i11.62% of diet) and diets with similarly graded
amino acid plasma levels (Bhargaeh al., 1971). concentrations of methionine (NRC, 0.49 and 0.88% o
Amino acids are required for the synthesis of daetar diet) and threonine (NRC, 0.76 and 1.51% of diet) t
of specific proteins (including cytokines and antdies)  birds aged 22-42 days. The basal diets (mash form)
and regulate key metabolic pathways of the immunavere formulated to meet or exceed requirementhéy t
response to infectious pathogens. Dietary levels oNRC (1994) for broiler chickens (Table 1). No
certain individual amino acids have been shown taantimicrobial, anticoccidial drugs or feed enzymese
affect immune response (Jeevanandamal. 1990; included in the basal diets. The chicks were vateith
Paaw and Davis, 1990). Methionine (Swain and Johriagainst Newcastle disease (Animal Health, Fort [2odg
2000; Rama Raet al., 2003; Shini and Brydeen, 2005) lowa, USA) on day 7 (Intraocular) and on day
and threonine (Duvadt al. 1991; Ballet al., 1999) are  21(intranasal).

two amino acids that have proven immune regulatory

action. There is some evidence that essential aeitb Challenge protocol: On day 28, all birds were
level in the feed higher than of NRC specificationschallenged by oral route with a commercial live-N8D
needed to achieve optimal immune system and growthaccine (V877 strain, Malaysian Vaccines and
performances (Quentiet al., 2005). Response of liver Pharmaceuticals Sdn. Bhd). The strain was chaizeter
function enzymes to excessive methionine andas an intermediate virulent classical strain. Tovgent of
threonine more than NRC recommendation have nathe 1000 dose of IBD vaccine vial was reconstitited
been reported in broiler chickens challenged wBbB.I 100 mL distilled water and each bird was inoculatét
Therefore, the possibility that excess of methieramd 1 mL IBD virus into the lumen of the crop by oral
threonine may exert parts of its toxic effects igrang  gavage, that finally each bird received a dosetitans
the liver function enzymes should be consideredgreater than the standard IBD vaccine.

Hence, it may be necessary for new research touobnd

multiple focus and attention to the actual broiler122le L Ingredients and nutrient composition etsli

; ; Starter Finisher
requirements. The present experiment Was_condumted item 1-21days  22-42 days
determine the effects of dietary methionine and ngredient (%)
threonine supplementation on performance, livercorn 45.35 50.95
function enzymes and serum metabolites of broileSoybean meal 43.97 38.22
chickens challenged with infectious bursal disease. ~ Palm oil 6.22 6.89

Di calcium phosphate 1.91 1.76
Limestone 1.20 1.05
MATERIALSAND METHODS Salt 0.44 0.31
Vitamin and mineral premix 0.60 0.60
Birds and housing environment: A total of four  DL-methionine 0.20 0.10
hundred fifty day-old male broiler chicks (Cobb 500 -freonine 0.00 0.00
ity day , Lysine 0.11 0.12
were obtained from a local hatchery. The chicksewer 2Nutrition composition (calculated)
wing-banded, individually weighed and housed iroflo Crude |0r0tei_n1 (%) 22.00 20.00
pens with wood shavings as litter material. Thespen ME'(IMt;:Ial kr? ) horus (%) 3050-835 31506022
. . Qi . - _Avallable pnosphorus (7o . .
were in a conve_nt_lonal opeon .Slded _house WI;[h cychcéalcium %) 1.00 0.90
temperatures_ (_mlnlmum, 24°C; maximum, 32°C). Thewmethionine 0.50 0.38
relative humidity was between 80-90%. The area otysine 1.10 1.00
each pen was 1.5’mFeed and water were provided ?rgetnmﬁ 10-42% 10-3236
o P . ryptophane . .
ad libitium and lighting was continuous. Threonine 0.80 0.74
_ _ . ~ Na 0.20 0.74
Experimental design: Commencing from day one, five Cl 0.39 0.25
replicate pens of 10 chicks each were assignedeab é de Fib 14050 0-3952
the nine dietary treatments, giving a total of 4Hp DE’B?ne'girgl 235,00 21200
There were 3 levels of methionine in the form of-DL ¢ p 138.00 15700

methionine (NRC (M1), 2 times NRC (M2) and threeT syupplied per kilogram of diet: vitamin A, 1,500; Icholecalciferol,
times NRC (M3)) and three levels of threonine ie th 200 IU; vitamin E, 10 IU; riboflavin, 3.5 mg; patitenic acid, 10 mg;
form of L-threonine (NRC (T1), 2 times NRC (T2) and niacin, 30 mg; cobalamin, 1; choline chloride, 1,000 mg; biotin,
. . ’ .. 0.15 mg; folic acid, 0.5 mg; thiamine 1.5 mg; pyxihe 3.0 mg;
3 tlm_es_ NRC (TB))' Birds aged 0-21 da_ys_fed dlet%ron, 80 mg; zinc, 40 mg; manganese, 60 mg; iodhé&8 mg;
containing graded concentrations of methionine (NRCcopper, 8 mg; selenium, 0.15 my;Based on NRC (1994) feed

0.75 and 1.27% of diet) and threonine (NRC, 0.82 an composition table
21
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Performance parameters. The chickens were weighed The results were expressed as mean + standardaérror
individually on d 1, 7, 14, 21, 28, 35 and 42. Feedmean. Statistical significance was consideredt@b.
intake was recorded weekly and Feed Conversion

Ratios (FCR) were calculated. Mortality was recdrde RESULTS

daily in each subgroup. The effects of methionine and threonine on body

Organ weight: At 28, 35 and 42 days of age, eight Weight gain (BWG), feed intake (FI) and feed
birds from each treatment were chosen at randonfonversation ratio (FCR) in broiler chicken are
weighed and then slaughtered according to the Islam p.res_e_nted n Table 2. BWG, F and FCR Were
method (Halal). The weights of spleen and bursa Of;lgnlflcantly influenced by the dietary treatmerits

L : starter phase (0-21) and either methionine or tiineo
Eﬁl;rlfé?jti\\,/veer;ozjeyc\?vggﬁi g;ggn weights were expaess at the highest levels significantly decreased BV¥G,

and FCR in broiler chickens. A similar trend by

; ; : . methionine and threonine at the highest levels was
Serum metabolites and liver function test: On d 28 noted on BWG and FI in grower phase (22-42).

and 42 (14 cays ater hallrge), o b o o Signifcant aiference was Seen between eaimen
(4.0 mL) were collected from the brachial vein gsa groups in grower phase on FCR. There were sigmifica

: . . interactions between methionine and threonine oR FC
23-ga needle. Se_rum was separated by cen'gnfugatlo_n on day 21 and BWG on day 42 (Table 3). Birds were
3000 g for 10 min and stored at -20°C until analysi foq \yith M2T3 M3T2 and M3T3 had an improvement
Serum  creatine, Alkaline Phosphatase (ALP),y FCR compare with other groups. The highest BWG
Alanine  Aminotransferase  (SGPT ~ or  ALT), was observed in broiler chickens fed M2T1. However,
Aspartate Aminotransferase (SGOT or AST) andihere were no significant differences on BWG betwee
Lactate Dehydrogenase (LDH) were measured byi2T1 and M3T1 birds.

specific commercial kits (Roche Diagnostica, Basel,  Effect of methionine and threonine on means of
Switzerland) using an autoanalyzer (HITACHI 902 relative organ weight of broiler chickens is shoimn
automatic autoanalyzer). Table 4. The highest level of threonine signifitant

o . ] increased spleen weight before challenge and 14 day
Statistical analysis: The data were analyzed using apost challenge. There were not statistically sigaift
two-way ANOVA in a completely randomized design differences on spleen weight between T2 and T3pgou
(CRD) in a factorial scheme o&3 (methionine levels 14 days post challenge. The bursa of Fabricius hteig
x threonine levels) with the PROC GLM procedure ofof birds were not affected by methionine and
the Statistical Analysis System (SAS Institute, 00 methioninex threonine interaction.

Table 2: The effects of methionine and threonindody Weight Gain (BWG), Feed Intake (FI) and F&smhversation Ratio (FCR) in broiler
chickens challenged with IBD on d 28

Main effect ~ BWG (0-21) FI (0-21) FCR (0-21) BWG (22) Fl (22-42) FCR (22-42)
M1 751+7.9 1179+34 1.42+0.02 1541+23 3159+4% 2.1+0.04
M2 762+6.8 1139+24 1.33+0.02 1565422 3138+43 2.0£0.14
M3 663+8.7 950+2¢ 1.29+0.02 1496+30 2741+78 2.0+0.14
T1 733+ 7.6 1175438 1.45+0.02 1634+20 3175+44 2.0£0.10
T2 756+7.7 1107+28 1.31+0.0% 1547428 3005+76 2.0+0.09
T3 686+9.6 985+37 1.30+0.02 1421426 2858+82 2.1+0.12
ANOVA (p-value)

M *kk *k%k *kk NS * NS

T *kk *kk *kk *kk * NS

MxT NS NS b o NS NS

&% Means within a column with different letters diffsignificantly (p<0.05); *: p<0.05; **: p<0.01**: p<0.001; NS: Non-Significant

Table 3: Means (+SEM) Feed Conversion Ratio (FCR) Body Weight Gain (BWG) of broiler chickens wherethioninex threonine
interactions were significant

FCR (0-21) BWG (22-42)
Treatments M1 M2 M3 M1 M2 M3
T1 1.55+0.0% 1.41+0.0% 1.3620.0% 1551+289 1680+35" 1669+3%
T2 1.30+0.02* 1.34+0.08 1.27+0.02 1623+43 1538+33 1481+5%
T3 1.40+0.0% 1.24+0.0% 1.23+0.0% 1447447 1478+39 1337450

*Z Means within a column-subgrouf¥; Means within a row-subgroup with no common subpsediffer significantly (p<0.05)
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Table 4: Effect of methionine and threonine on nseafirelative organ weight of broiler chickens ¢bradied with IBD on day 28

Spleen Bursa of Fabricius
Main 28 days 7 days 14 days 28 days 7 days 14 days
effect pre-challenge post challenge post challenge  pre-challenge post challenge post challenge
M1 0.15+0.021 0.19+0.027 0.16+0.016 0.18+0.018 009011 0.058+0.007
M2 0.19+0.031 0.20+0.027 0.17+0.013 0.17+0.013 009006 0.048+0.002
M3 0.17+0.025 0.18+0.027 0.14+0.013 0.17+0.016 608009 0.044+0.003
T1 0.13+0.008 0.21+0.027 0.12+0.0%0 0.20+0.015 0.083+0.004 0.049+0.007
T2 0.13+0.018 0.20+0.027 0.16+0.012 0.17+0.015 0.096+0.011 0.059+0.003
T3 0.25+0.033 0.17+0.027 0.18+0.015 0.16+0.015 0.088+0.011 0.049+0.003
ANOVA (p-value)
M NS NS NS NS NS NS
T e NS * NS NS NS
M xT NS NS NS NS NS NS

Organ weight data, expressed as percentages ofviidhit; *: p<0.05; **: p<0.01; ***: p<0.001; NS: dh-Significant

Table 5: Effect of methionine and threonine ondiftenction enzymes and blood parameters in broiéckens challenged with IBD on day 28

Main effect ALT (U LY AST (U LY ALP (U LD LDH (U L™ Creatinine (mmol ) Uric Acid (umol L%
28 day of experiment (before challenge)

M1 7.5+0.56 27512 3885+488 28661166 26+1.1 225+17
M2 8.9+0.53 295421 31471266 2504+190 33:1.7 279431
M3 6.6+0.72 25549 3405+340 26601184 29+1.5 260+25
T1 6.7+0.72 274120 36681344 2654+215 30+1.7 269+24
T2 7.6+0.66 270+13 37371522 2740+131 30+1.8 286124
T3 8.6+0.46 282+11 3031+232 2637+196 29+1.5 210+19
ANOVA (p-value)

M Ns Ns Ns Ns Ns Ns

T Ns Ns Ns Ns Ns Ns

MxT Ns Ns Ns Ns Ns Ns

42 day of experiment (14 days after challenge)

M1 7.4£0.3 390427 2479472 3604+312 30+1.5 356422
M2 6.2+0.6 30417 25724321 2577+218 28+0.9 367431
M3 6.0+0.2 309+8 20821284 2900+196 30+1.0 344431

Tl 6.7+0.3 362+33a 23031244 2959+328 29+1.0 300423

T2 6.9+0.4 344+13 2348+462 3470+219 29+0.7 346423

T3 6.1+0.6 29649 2482+335 2649+187 30+1.6 421428
ANOVA (p-value)

M *% *kk NS *% NS NS

T Ns o NS * NS ki

MxT ik o NS * NS NS

&% Means within a column with different subscripiffet significantly (p<0.05). *: p<0.05; **: p<0.Q¥**: p<0.001; NS: Non-Significant

Table 6: Interaction effect of methionine and tmiee on ALT, AST and LDH at 14 days post challefrgéroiler chickens challenged with

IBD on d 28
ALT (UL™ AST (U LY LDH (U L™
Treatments M1 M2 M3 M1 M2 M3 M1 M2 M3
Tl 6.8+0.5 7.0£0% 6.0+0.4 491+5% 314433 286+10 4385+524* 2268+188 2226+150P
T2 7.010.4 7.7+00 6.0+0.6 386+2%Y 3118 334+12° 3788+28¢Y 3481+393 3461+462
T3 8.4+0.6 4.0+0.6Y 6.1+0.P 294+ 17 286+20 307£15 2641+ 440 2292+358 3015+146'

** Means within a column-subgroup atfdMeans within a row-subgroup with no common sulpssrdiffer Significantly P < 0.05).

The effect of methionine and threonine on liverincreased the serum concentrations of ALT, AST and
function enzymes and blood parameters in broilel.DH. In the T3 group, the serum concentrations of
chickens challenged with infectious bursal diseaséST and LDH were significantly decreased, whereas
virus are shown in Table 5. There was no significanthe serum uric acid concentration was significantly
difference between the treatments for bloodincreased. There were no significant differences
parameters and liver enzymes on d 28. At 14 daybetween T2 and T3 groups on LDH. Methionine and
after challenge, dietary supplementation of metimen threonine interaction had significant effect onuser
at NRC recommended level (M1) significantly level of ALT, AST and LDH (Table 6).
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DISCUSSION requirement of the broiler chick affected by protei
amino acid level and source (Robbins, 1987; Koiud a
Dietary characteristics can modulate a bird’sIshibashi, 1995).

susceptibility to infectious challenges and subtle Fasuyl and Alertor (2005) reported that better
influences due to the level of nutrients or theetymf performance can still be obtained with adequate
ingredients may at times be of critical importancesupplementation of essential amino acids especially
(Klasing, 1998). NRC requirements for amino acidd a methionine which has been identified to be in mzabi
protein are designed to support maximum growth andjuantities in most poultry diets. Garlich (1985urid
production under ideal condition and well maintegean that feed conversion was better when methionine was
The recommended levels for methionine and threonirsupplemented. A improve in broiler performance when
in poultry depend on species, stage, environmentethionine was added to a corn-soybean diet has bee
condition and level of feed consumption. They arereported (Virtanen and Rosi, 1995; Hesethl., 2006).
already known that most nutrients are involvedhia t In contrary to our result, no significant effectena
development of the immune system and its responseseen for methionine levels on feed conversion ragio
The present findings indicated that birds weredethe  Meirelles et al. (2003). They, however, observed
highest level of methionine and threonine hadnumerical improvement with the increasing ratio.
significantly better FCR than those were fed witR@®I  Furthermore, one report (Thometsal., 1979) suggests
diet in starter phase and the highest body weigitt g that the requirement of a commercial strain of leroi
was observed in broiler chickens were fed M2T1 andthicks is near 0.81% threonine. They studies
M3T1 diets in grower phase. Improvement of feeddemonstrate that 0.64% dietary threonine was
efficiency at the highest level of threonine andinsufficient for maximum growth and efficiency afefd
methionine in initial phase may be explained byesalv  utilization by Leghorn chicks. This level of thréone
possibilities. First, nutrient requirements of Ibeoi occasionally permitted maximum growth and feed
based on recommendation of NRC 1994 and thesatilization, but usually resulted in significantpoorer
information related to previous NRC finding buteth performance than the diet containing 0.72% or more
present commercial bird is very different from threonine. However, the findings of the currentigtdo
commercial birds were available in last decadeigdsb not support the previous research by Kétdl. (1997),
have more rapid growth and better performance tha®mith and Waldroup (1988) that the NRC (1994) and
previous years due to genetic selection as well aBlRC (1984) estimate on threonine, for 0-3-week-old
management practice and feed related changeshicks are too high.
(Chamruspollert al., 2002). Therefore birds need to In birds, the spleen is primarily concerned wtik t
more energy and protein to meet their needs. Secondnmune reactivity belonging to cell-mediated
amino acid and protein requirements of broiler kbits  immunity, delayed type of hypersensitivity as wad
are higher in the starter period than grower periochumoral immunity. Our Results are in disagreement
(NRC, 1994). Third, nutrition recommended set bywith previous findings by Kiddt al. (2001) and
NRC are usually based on the need of healthy bird€orzo et al. (2007) in that dietary threonine not
under ideal management but the combination ofnfluenced spleen organ weights of broilers chicken
environment condition and disease increase th&hese differences might be explained by the threoni
requirement for essential nutrient. Fourth, methien concentration were used.
requirement of male broilers is more than NRC (9994 On the other hand, adverse nutritional effects or
recommendation (Hesalet al., 2006). Finaly, amino toxicity have been reported when the diet of amathi
acid interactions such as arginine and methionme iusually a growing animal, is supplemented withrayl&
chicks raised at high temperatures likely diffeonrfr amino acid, a mixture of amino acids, or a prot&in
those raised at ambient temperature (Chamruspollegoor nutritional quality (Munro and Goldberg, 1964)
et al., 2004). In addition, threonine is procures glycin The present study showed that uric acid levelssed
amino acid that was a vital amino acid for maximalat the highest level of threonine before challenge.
chick growth (Almquist and Grau, 1944). It should b Increase in uric acid excretion on protein ingast®
noted that glycin affects protein synthesis noyyad a due to the nuclear disintegration occasioned by the
building blocks for protein itself, but also is taéged for ~ work of digestion. Another theory ascribes the éase
the creation of DNA, RNA and uric acid (Ngb al.,  to stimulation of purine synthesis. It has beergssted
1977). It should be noted that although threoninghat part of the endogenous uric acid arises byhews
requirement of young chicks has been studiedrom protein and carbohydrate and part from the
extensively but there is evidence that threoninemetabolism of cell nuclei (Zwarenstein, 1926). The
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amino acid threonine is an important compound lier t Chamruspollert, M., G.M. Pesti and R.l. Bakalli,020
production of purines and uric acid is an extremely Influence of temperature on the arginine and
insoluble purine compound. methionine requirements of young broiler chicks. J.
It has been demonstrated that the activities afyma Applied Poult. Res., 13: 628-638. PMID: 5569753
liver enzymes involved in the catabolism of aminoChamruspollert, M., G.M. Pesti and R.l. Bakalli,020
acids decrease when a low protein diet is fed, but Determination of the methionine requirement of
increase with high protein intakes (Muramatsual., male and female broiler chicks using an indirect
1971). In our experiment, liver enzymes were not amino acid oxidation method. Poult. Sci., 81: 1004-3.
affected by treatment diets on d 28 whereas 14 days http://ps.fass.org/cgi/reprint/81/7/1004
post challenge, methionine at NRC recommendedhattopadhyay, K., M.K. Mondal and B. Roy, 2006.
level had significant increase in the concentratidn Comparative efficacy of DI-methionine and herbal
ALT, AST and LDH. Furthermore, the highest Tethmnygz I‘i” perfosr(r:r)ance of5br0|lerfg|304keiréégnt.
PR ; . ult. i, : - .
g:ggaife” Lri'gi‘z;‘fnmﬁfegs"ga?nngfg‘rfdAg‘TM;Jd?’ E‘B‘:' http://scialert.net/pdfs/ijps/2006/1034-1039.pdf

: . Corzo, A., M.T. Kidd, W.A. Dozier Ill, G.T. Pharmd
Ievels_ was noted in M1T1. The findings may also E.A. Koutsos, 2007. Dietary threonine needs for
explain that current NRC recommendations for

S L : growth and immunity of broilers raised under
methionine and threonine in broiler are probably no different litter conditions. J. Applied PoulteR,

appropriate for broiler health under stress andatiss 16: 574-582. DOI: 10.3382/japr.2007-00046
condition. Although, it should be note that thep,ya p. C. Der.nang.el K. Munierjoiain S. Miossand
concentration of ALT, AST and LDH in M1T1 also I. Geahel, 1991. Factors controlling cell prolifioa
were In _normal range (Chattopadhyat al., 2006; and antibody production in mouse hybridoma cells.
Marjanovicet al., 1975). Influence of the amino acid supply. Biotechnol.

Bioeng., 38: 561-570. DOI: 10.1002/bit.260380602
Fasuyl, A.O. and V.A. Aletor, 2005. Protein
Hence, it can be concluded that the methionine and  '€Placement value of cassaviafihot esculenta,
threonine requirements of broiler breeders would be Crantz) leaf protein concentrate in broiler starter
expected to change substantially as they approach Eg:r?atolgn aﬁgr?érmuﬁwncrﬁétabmﬁ:glelnt %rO\Ié’vg:,;lt
maximum performance under actual farm conditiorss an gy P, ’

they supplementation higher than NRC recommendatio&arlicr:" 4J: %39_312935? ttpli\’/{ev;vr\)lgvr.gjgs.g;g/g?(?{;‘;rlrSngpDL_

in broiler chickens have not toxic potential. methionine hydroxy analogue free acid, DL-
methionine and  L-methionine. Poult.  Sci.,
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