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Abstract:

BACK GROUND: Herbal methioninecanbecomparedrelativeto
DI-methionine with evaluation of bioavailability of this source of
methionine. OBJECTIVES: An experiment was carried out to
determine the relative bioefficacy of herbal methionine (H-M et)®
relative to DL-methionine (DL-Met) on performance criteria and
immunocompetence of Met sourcesin malebroilers. A total of 160
male broilers were fed a Met-deficient basal diet or the basal diet
supplemented with three or four concentrations of each Met
sources. METHODS: Multiexponential and multilinear regressions
were used to determined bioavailability of herbal methionine (H-
M et)® relativeto DL-Met on performanceandimmunocompetence
of broilers. RESULTS: Body weight gain and feed intake of the
broilers fed H-Met or DL Met improved in the experiment,
regardlessof Met sources, rel ativetothosebroil ersthat werefed the
basal diet. Immunocompetenceof broilerswerenot significant at 28
day of age (p>0.05), whereas the broilers were significantly
affected by the additional levels of Met sources at 42 day of age.
CONCLUSIONS: The bioefficacy estimatesfor H-M et® relativeto
DL-Met onaproduct basiswere55% for weight gain, 71%for feed
intake, 78%for feed conversionratio, 70%for dilution 1-choloro 2-
3-dinitrobenzene (DNCB), 67% for sheep red blood cell (SRBC),
and 68% for phytohemagglutinine (PHA-P). The relative
effectiveness of H-Met® compared to that of DL-Met is 68% on
average across performance criteriaand all immune criteriatested.
H-Met®can besupplemented asanew and natural sourceof Met for
thepoultry industry.

I ntroduction

Amino acidsarereferred to thebuilding blocksof
proteins. Synthetic Methionine (Met) -first limiting
aminoacidinbroilers- canbeaddedto many practical
diets. Nowadays, the common source of Met used in
poultry diets is DL-Met. Currently, DL-Met is
produced by chemica synthesis from acrolein,
methyl mercaptan, and hydrogen cyanide. Moreover,
some consumers of poultry meat prefer to have
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products from natural sources. Thus, producers
consider this tendency of consumers in order to
maintain consumer satisfaction and promote poultry
products. Recently, herbal Met sources(H-M et®) are
availableincommercial poultry market. Therefore, it
isnecessary to compare this new source of Met with
DL-Met in poultry nutrition. Also, there are many
studies comparing the bioavailability of methionine
hydroxy analog-free acid (MHA-FA) with DL-Met
(Hoehler et al., 2005; Payne et al., 2006). However,
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therearefew reportsoncomparingthebioavailability
of H-Met® with DL-Met inbroilers. Moreover, it has
been shown that Met and Met-metabolites, such as
homocysteine, taurine and glutathione, produced in
theMet metabolismcycle, significantly influencethe
immune system and immunocompetence (Ditscheid
et al., 2005; Grimble, 2006). Therefore, the object-
ives of this study were: 1) to evaluate the bio-
availability of H-Met® relative to DL-Met and 2) to
evaluate the effects of H-Met® on growth perform-
ance and immunocompetence of broilers compared
toDL-Met.

M aterialsand M ethods

Atotal of 1604-day (d)-oldmaleRoss308broilers
weresubjectto8dietary treatmentsfor 42 din battery
cages. Each treatment was replicated 4 timeswith 5
birds per replicate. Treatments composed of a basal
corn-soybean meal (Table 1) and 3 and 4 series of
graded levels of DL-Met (98% purity), and H-Met®
(Met: 12.6 purity and Met+Cyc: 16.9%) in al the
experiments, respectively (Table 2). Constituent
herbs of H-Met® supplemented formulation namely
Andrographis paniculata, Ocimum sanctum,
Asparagusracemosus, and Zea mays. Theamount of
Met of H-Met was analyzed according to the AOAC
(2003) method 982.30. In each treatment, starter,
grower, and finisher periodswerefed fromd 4to 10,
d11lto24andd25t042, respectively. A basal dietwas
formulated to beadequatefor energy and all nutrients
except for Met + Cys which were 0.77, 0.68, and
0.61% in the starter, grower and finisher periods,
respectively. Chickens were initially maintained at
31°C; the temperature was gradualy lowered by
2°Clweek (wk) toreach 21°C by theend of wk 5, and
this temperature was maintained for the duration of
the experiment. The lighting program used was 23
hours of artificial light during the entire experiment
period, and feed and water were provided ad libitum
from d 1. The experiment was conducted in
accordancewith local animal-care guidelines.

M easurements (Growth performance): Body
weightsandfeedintakes(FI) wererecordedat d4, 10,
24, and 42, and the body weight gains (BWG) were
calculated for the entire period. In addition, feed
conversionratio (FCR) wascal culated.

Immune system response: Threetestswere car-
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ried out in order to estimate immunocompetence of
broilersasfollows:

Antibody response to sheep red blood cell
(Humor al immunity): Sheep red blood cells (SRBC)
were used as a test antigen to quantify specific
antibody responses. As Niu et al. (2009) described,
for SRBC test, a sheep was bled with a syringe
containing 3.8% sodium citrate (Anti-coagulant).
Sheep red blood was washed 3 timeswith phosphate
buffered salin (PBS), and then at the 21 and 35 days
of age, 0.2 mL/kg body weight of 1% SRBC was
injected into pectoral muscle of 8 birds in each
treatment. On d 7 post-injection, all birds were bled
by brachial venipuncture, and 3 mL of blood was
collected for primary antibody response, including
1gG and IgM. The blood samples were left at room
temperature for 2 hoursto clot, then blended with a
wooden applicator stick and placed in a 4°C
refrigerator overnight for maximum serayield. The
antigenicchallengewasrepeated ond14 after thefirst
challenge, and blood samples were collected on day
3 after the second injection to determine secondary
antibody response. Antibody Assay: Serum samples
were tested for total antibody response, then
specifically for IgM and 1gG using the 2-
mercaptoethanol (ME) technique as described
(Lepage et a., 1996). The serum was pipetted into
microcentrifuge tubes and inactivated by heat in a
56°C waterbath for 30 minutes. To assess total
antibodies, 50 uL of PBSwas placed in thefirst row
of wellsina96-well V-bottommicrotitrationplate. To
thesamewells, 50 uL of serumwasadded, and plates
were sealed and incubated at 37°C for 30 minutes.
Plateswereremoved fromanincubator, and 50 L of
PBSwasadded tothe11 remainingwellsineachrow.
A 2-fold seria dilution of the sampleswas made on
successive rows; 50 uL of a 1% SRBC suspension
was added to each well, and plateswere again sealed
and incubated for 30 min. The IgM (ME-sensitive)
and1gG (ME-resistant) antibody titerswereassessed
usingthesameprocedureasfor total titersexcept that
50 uL of 2-ME was added to the first row of wells.
Titers were read by holding plates over a lighted
mirror to observe wells showing agglutination. All
antibody titerswerereported aslog 2 of thereciprocal
of the last dilution in which agglutination was
observed.

Contact hypersensitivity response to dinitro-
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chlorobenzene: At 28and 42 daysof ages, 8 birdsper
treatment were sensitized (Verma et al., 2004) by a
single percutaneous application of 1-chloro-2, 4-
dinitrobenzene (DNCB-Merck). A total of 250 ml of
DNCB (10 mg/mL of acetoneand oliveail 4: 1) were
applied on afeatherlessareaof theright side, whilea
similar area on the left side received the solvent
without DNCB as a control. Changes in mean skin
thickness 24 and 48 h postchallenge were assessed
usingdigital calipers(Mitutoyo, Japan). Theaverage
of 3 measurements of skin section was considered as
amean of each replicate.

Contact hypersensitivity response to phyto-
hemagglutinin: Whenbirdswere28and42daysold,
phytohemagglutinin (PHA-P) was injected to a
bird/replicate a a dose of 100ug/bird. The cell
reaction caused by the PHA-P injection was
evaluated as cutaneous basophil hipersensitivity
(CBH) according to the methodology described by
Corrier and Deloach (1990) and Silvaet al. (2010).
15mgof thelyophilized powder weredilutedin15mL
of phosphate buffered saline solution (PBS) in order
to obtain a dose of 100ug/0.1mL per bird. The
inoculation was made in the interdigital space
between the third and fourth toes of the right foot of
one bird/replicate by intradermal injection. In the
same interdigital space of the left foot, 0.1mL PBS
wasinjected as control. The thickness of interdigital
spaceswas measured beforetheinjectionand 24 and
48hoursafterwards, usingadigital caliper (Eletronic
Digital Caliper CE, with 0.0lmm precision). The
results were used to calculate the following: 1.
response = post-PHA-P injection thickness of the
right foot - pre-PHA-Pinjectionthicknessof theright
foot (mm) and 2. PBS control response = post-PBS
injection thickness of the right foot - pre-PBS
injection thickness of the left foot (mm). Therefore,
cell reaction at each evaluation time was cal culated
as.CBH=(1)-(2

Satistical analysis. The data were analyzed as
completely randomized designs using analysis of
variance procedures by the GLM procedure of
dtetistical analysis software (SAS). Differences
between treatment means were tested using Duncan
multiple comparison test, and statistical significance
wasdeclaredat aprobability of p<0.05. Thepenmean
was considered the experimental unit for all
statistical analyses. A nonlinear exponential model
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was used to estimate the efficacy of H-M et® relative
toDL-Metonaweight basis. AsHoehler et al. (2005)
demonstrated that simultaneous nonlinear multi-
exponentia regression analysisis avalid statistical
means for determination of relative bioefficacy of
M et sourcesbased on BWG, BWG dataand FCR data
were analyzed by none-linear multi-exponential
regression as suggested by Littell et al. (1997),
according to thefollowing equation:

y=at b x (1- &(C1X X1+ C2X X))

Where y= performance criterion, a= intercept
(bird performance with basal diet), b= asymptotic
response, atb= common asymptote (maximum
performancelevel), c,;=steepnesscoefficientfor pure
DL-Met, c,= steepness coefficient for H-M et®, and
X1, X, = dietary level of DL-Met and H-Met®,
respectively.

According to Littell et al. (1997), bioefficacy
vauefor H-Met® relativeto DL-Metaregivenbythe
ratios of regression coefficients; c,/c;.

FI andimmuneresponsesdata(SRBC,DNCB and
PHA-P) were analyzed by multilinear regression as
suggested by Littell et al. (1997) using thefollowing
equation:

Y =at (bix1+hox,)

Where y= performance criterion; a= intercept,
with basal diet; b;=theslopeof DL-Metline; b,=the
slopeof H-Met® line; andxq, X, =dietary level of DL-
Met and H-Met® respectively.

Results

Performance: Total mortalities over the 42-d
periods were very low (0.5%) with no differences
among treatments (Data not shown). BWG and Fl
wereimproved (p<0.05) significantly by theaddition
of either Met sources relative to the broilers fed the
basal diet (Table 3); thus, proving that basal diet was
deficient in Met + Cys. With respect to BWG, the
maximum performance of DL-Met was achieved at
thelevel of 0.11%, whereas0.17%wasneededfor the
treatmentswith H-Met®. Theseresultsindicated that
the level of 0.17% of H-Met® has the equivalent
efficacy of 0.11% of DL-Met based on BWG.

Immunocompetence: The results of our study
showed that by supplementing the diet with Met
sources, primary immune response (on 28 day) to
immune tests was not significant (p>0.05, Table 4).
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Tablel. TheCompositionof thestarter, grower andfinisher basal
diets. @ Vitamin premix provided thefollowing per kilogram of
diet: Vitamin A: 5600 IU from all transretinyl acetate;
Cholecalciferol: 2000 IU; Vitamin E: 20 IU from all-rac-o-
tocopherol acetate; Nboflavin: 3.2 mg; Capantothenate: 8 mg;
Nicotonicacid: 28mg; CholineCl: 720mg; Vitamin B12: 6.4 ug;
Vitamin B6: 1.6 mg; Menadione: 1.6 mg (as menadione sodium
bisulfate); Folicacid: 0.08 mg; D-biotin: 0.06 mg; Thiamine: 1.2
mg (as thiamine mononitrate); Ethoxyquin: 125 mg. ® Trace
mineral premix provided the following in milligrams per
kilogram of diet: Mn, 40; Zn, 32; Fe, 32; Cu, 3.2; 1, 1.2; Se, 0.06.

Ingredients(%) Sarter Grower Finisher
Corn 49.86 62.30 68.50
Soybean meal (44% cp) 31.51 22.08 16.53
Canolameal 10.00 10.00 10.00
Soybean ail 371 137 0.99
Dicalcium phosphate 1.94 1.62 1.49
Oyster shell 1.52 1.23 1.20
Salt 0.43 0.42 0.37
Vitamin premix a 0.30 0.30 0.30
Mineral premix b 0.30 0.30 0.30
L-LysineHcl 0.29 0.27 0.24
Thr % 0.14 0.11 0.08

Calculated Composition:

ME,kcal/kg 2950 2950 3000
CP% 20.94 17.95 16.08
Calcium% 1.02 0.84 0.80
Available Phosphorus % 0.49 0.42 0.39
Na% 0.19 0.18 0.16
Met % 0.31 0.28 0.26
Met+ Cys% 0.77 0.68 0.61
Lys% 1.24 1.03 0.88
Thr % 0.81 0.68 0.61

However, the data showed the significant effect
(p<0.05) on secondary response (on 42 day, Tableb).
There were differences in immune responses
between the broilers fed DL-Met or H-Met® at each
inclusionlevel. Theresultsof our study inthesecond
response showed that by supplementing Met with
both sources, antibody levels against SRBC, DNCB
and PHA-P in broiler chickens increased, and the
maximum immunocompetence according to SRBC
was achieved by adding 0.11% DL-Met and 0.17%
H-Met® inthediet. With regardto DNCB responses,
the maximum immunocompetence was achieved by
adding 0.11 and 0.17% DL-Met and 0.17 and 0.22%
H-Met® in the diet. Also, PHA-P responses showed
that themaxi mumimmunocompetencewasachieved
by adding 0.11 and 0.17% DL-Met and 0.17 and
0.22%H-Met®inthediet.

Bioefficacy of H-Met® relative to DL-Met:
Broilers fed DL-Met and H-Met® performed well;
however, according to the regression analysis, the
broilers fed DL-Met were able to utilize DL-Met
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more effectively than those fed H-M et®inall of the
response variables measured (Figures 1 to 4). The
bi cefficacy of H-M e® relativeto DL-Met was 55%,
71%, and 78% based on BWG Fl, and FCR,
respectively (Figure 1). The overall average of these
bioefficacy values is 67% (Table 6), and the
bi oefficacy of H-Met® relativeto DL-Met were 67%
based on SRBC test, 70% for DNCB test and 68%for
PHA-Ptest. Theoverall average of all criteriatested
was68% (Table6). Inthisexperiment, theaddition of
each Met sources was made on aweight basis. The
design of the trial, either equimolar or weight-to-
weight comparison of the two Met sources, did not
affecttheestimatedrel ativeeffectiveness(Hoehler et
al., 2005).

Discussion

Performance: As Met supplementation levels
increased regardless of the sources, Fl level
significantly increased, and feed conversion ratio
(FCR) aso increased due to the higher FI in higher
Met supplemented diets. The result of growth
performance is not in agreement with the result of
Halder and Roy (2007) who reported that thereareno
significant differences between the utilization of H-
Met® in comparison with DL-Met at the samelevel.
Theresult of our study showed that by increasing the
level of theMet sourcesupto0.11%for DL-Met and
0.17%for H-Met®, BWGandFl increased. However,
inthetreatments4 (DL-Met at 0.17%) and 8 (H-Met®
at 0.22%) fed broilers consumed more feed but less
BWG than those of treatment 3 (DL-Met at 0.11%)
and7(H—Met®at0.l7%), resultinginincreased FCR.
The present result is in agreement with Xie et al.
(2006) who reported that BWG increased and then
decreased as dietary Met increased. Therefore, this
result suggests that increasing the levels of Met
sources above the broiler Met requirement level
results in decreasing BWG and increasing Fl,
consequently increasein FCR.

Immunocompetence: The results of the present
study are in agreement with Takahashi et al. (1993,
1994), and Swainand Johri (2000) whodemonstrated
neither the excess nor the deficiency of Met in diets
influenced the production of primary antibodies in
chickens.

Supplementing Met increased secondary anti-
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Table 2. Treatments and the level s of supplemented DL-Met and H-M et® of the experimental diets (4-42 d). (*)Required Met according to
Ross's (308) catalogis0.46, 0.39 and 0.36 % for starter, grower and finisher periodsrespectively.

Treatment M et source Addition of Met source (% product) Differencebetween amountsof
provided Met and required
Sarter Grower Finisher Total amountsof Ross's(308) Cata]og(*)

1 BasalDiet 0.31 0.28 0.26 - -0.15,-0.11,-0.10

2 DL-Met 0.07 0.06 0.05 0.06 -0.08, -0.05, -0.05

3 DL-Met 0.15 0.11 0.10 011 0.00, 0.00, 0.00

4 DL-Met 0.22 0.17 0.14 0.17 +0.07, +0.06, +0.04

5 H-Met 0.07 0.06 0.05 0.06 -0.08, -0.05, -0.05

6 H-Met 0.15 0.11 0.10 011 0.00, 0.00, 0.00

7 H-Met 0.22 0.17 0.14 0.17 +0.07,+0.06, +0.04

8 H-Met 0.29 0.23 0.19 0.22 +0.14, +0.12, +0.09

Table 3. Performance of broiler chickensfed graded levelsof DL-Met and H-M e® from4to42dof age. @I\ eans+ SD inacolumnwith
no common superscript differ significantly (p<0.05). (1)BWG:body weight gain, AF|= Feed Intake.

Addition of product @ @ FCR
Treatment M et source (% )p (I?Avgaﬁ . égD)) (MFeIan i(g%D) (Mean SD)
1 - - 2132.67+ 29¢ 3720.11+ 57 1.74+0.04°
2 DL-Met 0.06 2356.93+ 12° 4131.88+ 34° 1.75+0.02°
3 DL-Met 0.11 2490.75+ 112 4394.76 + 35 1.76+0.02°
4 DL-Met 0.17 2465.62 + 16° 4643.48+ 36% 1.88+0.01%
5 H-Met 0.06 2245.49+ 4 3736.91+ 29¢ 1.66+0.01°
6 H-Met 0.11 2352.47+13° 4146.54 + 84° 1.76+0.04°
7 H-Met 0.17 2476.45+ 137 4407.25+31° 1.78+0.02°
8 H-Met 0.22 2463.87 + 20° 4686.31+ 302 1.90+0.01%

Table 4. Effect of graded levels of DL-Met and H-Met® on haemagglutinin titres against SRBC (HA titre), cell mediated immunity as
assessed by contact sensitivity to DNCB and PHA-Pinjectionat 28 daysof age. WsrBC= SheepRedBlood Cell, DNCB=dilution1-choloro
2-3-dinitrobenzene, and PHA-P= phytohemaggl utinine. @24 and 48 hours after injection.

- HAtitre Increasein skin thickness(%)
Treatment  Met source Sgg:}:;??ozf) SsRBCY (Log?2) DNCB PHA-P
19G 24n@ 48n® 24h 48h
1 - - 1.85+0.019 246+0.013 0.83+0.014 0.08+0.010 0.12+0.001 0.07+0.001
2 DL-Met 0.06 187+£0.010 254+0.012 0.83+£0.008 0.08+£0.005 0.12+0.016 0.07+0.006
3 DL-Met 0.11 198+0.011 254+0.012 0.84+0.015 0.09+0.016 0.13+0.014 0.08+0.003
4 DL-Met 0.17 194+0.009 247+0.008 0.84+0.012 0.08+0.010 0.12+0.005 0.07+0.008
5 H-Met 0.06 1.86+0.014 248+0.012 0.83+0.008 0.08+0.006 0.12+0.013 0.07+0.002
6 H-Met 0.11 190+£0.013 251+0.013 0.83+£0.008 0.08+0.006 0.12+0.004 0.07+0.009
7 H-Met 0.17 197+£0.012 255+0.012 0.84+0.014 0.09+0.005 0.13+0.011 0.08+0.005
8 H-Met 0.22 191+0.011 254+0.008 0.84+0.008 0.09+0.016 0.12+0.004 0.07+0.006
body response to sheep red blood cell (SRBC) fed diets supplemented with Met.

measured by total IgM and 1gG levels(Table5). The
resultsof humoral immuneresponseareinagreement
with other studies(Tsiagbeet al., 1987; RamaRao et
al., 2003), demonstrating that Met is required for
some components of the antibody response and Met
supplementation increases the anti-SRBC antibody
titers. Moreover, the results of cell-mediated
immunity are in accordance with the results of the
study conducted by Tsiagbe et al. (1987), reporting
enhanced mitogen stimulation by PHA-P in chicks

1JVM (2014), 8(3):169-178

Becauseantibodiesareproteins, any deficiency of
essential amino acids results in poor immuno-
competence. Met has several biochemical functions
such as its roles for protein accretion, optimum
performance (Bunchasak, 2009) and immuno-
competence (Rama Rao et al., 2003). Increases in
antibody titers related to supplemental Met were
reportedinastudy conducted by Tsiagbeetal . (1987).

Effectsof total sulfur aminoacids(TSAA) canbe
divided into two routes: 1. a sufficient metabolic
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Table 5. Effect of graded levels of DL-Met and H-Met® on haemagglutinin titres against SRBC (HA titre), cell mediated immunity as
assessed by contact sensitivity to DNCB and PHA-Pinjection at 42 daysof age. @D\ eanswithinacolumnwithdifferent superscriptsdiffer
(p<0.05). BsrBC= Sheep Red Blood Cell, DNCB= dilution 1-choloro 2-3-dinitrobenzene, and PHA-P= phytohemagglutinine. @24 and
48 hoursafter injection.

HAtitre Increasein skin thickness (%)
Addition of
(1) -
Treatment  Met source product (%) SRBC (Log?2) DNCB PHA-P
19G IgM 24n®@ 48h®@ 24h 48h

1 - - 394+0.101° 2.34+0.161% 0.98+0.008° 0.16+0.004° 057+0.196° 0.19+0.037°

2 DL-Met 0.06 4.03+0.118° 2.43+0.106° 0.99+0.011° 0.17+0.005° 0.62+0.255° 0.20+0.020°

3 DL-Met 0.11 4.15+0.229" 254+0.153% 1.23+0.005% 0.28+0.012% 0.73+0.225% 0.23+0.070%

4 DL-Met 0.17 4.13+0.188™ 2.53+0.107% 1.23+0.005% 0.27+0.008% 0.72+0.160° 0.23+0.037%

5 H-Met 0.06 3.94+0.100° 2.34+0.098" 0.99+0.005° 0.16+0.005° 0.59+0.040% 0.19+0.067°

6 H-Met 0.11 402+0.125° 243+0.111° 0.99+0.010° 0.17+0.010° 0.61+0.201® 0.20+0.048"

7 H-Met 0.17 414+0.134% 254+0124* 1.23+0.008% 0.28+0.013* 0.73+0.188% 0.23+0.026"

8 H-Met 0.22 412+0.142° 252+0.097° 1.23+0.008% 0.27+0.004% 0.71+0.165% 0.23+0.071%
Table 6. Estimated effectiveness of H-Met® relativeto DL-Met . . .
based on BWG (body weight gain), FI (feed intake), feed metabolized rapldly.' There are two mqmollc
conversion ratio (FCR) and immune response (SRBC, DNCB, pathways: remethylation and transsulphuration. 5-
PHA-P) of broiler chickens. Relative effectiveness of H-Met® methyltetrahydrofolate is a methyl group donor for
was significantly lower than that of DL-Met (see Figures2to 5 remethylation pathway, which is essential for the

for details). YBWG= body weight gain and Fi= Feed Intake.
(@SRBC= Sheep Red Blood Cell, DNCB=dilution 1-choloro 2-
3-dinitrobenzene, and PHA-P= phytohemaggl utinine.

conversion of homocysteineto Met (Ditscheid et al.,
2005). In the second pathway, cystathionine can be
converted to cysteine. Cysteine plays an important

Variable(%) Performance Immuneresponse . .
BWG El FCR SRBC DNCB _PHAP rolg as a precursor of glutathione apd taurine
IgG IgM 24h 48h 24h 48h (Ditscheid et al., 2005). Sulfate and taurine are the
Bioefficacy 55 71 78 67 67 69 70 68 68 major endproducts of TSAA metabolism (Grimble,
Mean 67 67 70 68 2006). Perhapsimprovement inimmunocompetence
Total Mean 68

is related to the positive effects of Met and its
metabolism production. Met supplementation im-
proves leukocyte migration inhibition, cellular
immune response and humoral immune response
(Swain and Johri, 2000; Attia, 2005). The present
results indicate that immunocompetence is
influenced by the levels of Met sources (p<0.05),
which arerelated to the control of TSAA metabolism
and metabolic changesin responseto changesin Met

supply of TSAA fromthediet andtissueproteinbreak
downthat supportsthe synthesisof many proteinand
peptides involved in normal functioning of the
immune system and 2. producing glutathione,
homocysteine, and taurine that influence inflam-
matory aspects of the immune response (Grimble,
2006; Bunchasak, 2009). Ditscheid et al. (2005)
explained the metabolism of Met as follows: this
metabolism includes activation to S-adeno- levels. _ )

sylmethionine (SAM), the most important donor of In regz.ar.d.to cellular immunity, the cutaneous
methyl group. After demethylation to S-adeno- hypersenstlwty r%ponse_of toe-webs to T cell
sylhomocysteine (SAH), homocysteine is formed. mltogeng, such as PHA',P’ IS oft.en uged to assess T
Severa mechanisms have been discussed if cell-mediated immunity invivoin chickens (Corrier
homocysteine precursor SAH accumulated: the and Deloach, 1990), and the cutaneous PHA-P

binding of the endothelium-derived relaxing factor Ir&porr]lse is ch(?ra;:]ter?z]celd by an ir;lfillt_ratilor:j' of
nitric oxide and the production and the inhibition of ymphacytesand other Inflammatory cellsincluding

transmethylation reactions (Perna, 2003). To avoid basophils and macrophages  at injectiqn sites
an overload of homocysteine and its patho- (Stadecker, 1977). However, the mechanisms by

physiological conseguences, homocysteinehasto be which dietary Met modulatesimmune responsesare
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Figure 1. Bioefficacy of H-M et® relativeto DL-Met usi ng body weight gain (BWG) (), feed intake (FI) (b) and feed conversion ratio
(FCR) (c) inmale Ross 308 broilers (4-42 days of age). Zero level indicates control. Valuesin parenthesesindicate the 95% confidence
interval. 'Values are significantly lessthan 88%; p< 0.05. @ Y = 2202.7+ 374.8 (1-¢ *5¥1*5332) Rl ative effectiveness: DL-Met
(X,) = 100%. H-Meét (x,) = 55%* (40- 71). R?=84%. Py = 3663.01+ (6172.71x,+ 4400.72x,), Rel ative effectiveness: DL-Met (x;) =
100%. H-Met (x,) = 71%* (63 79). R?= 93%. 9 Y= 1.67- 0.06 (1-e O3 11Xy Relative effectiveness: DL-Met (x;) = 100%. H-

Met (x,) = 78%* (70- 86). R°=85%.
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Figure2. Bioefficacy of H-M et® relativeto DL-Met us ng secondary sheepred blood cell (SRBC) response(IgG and IgM), inmaleRoss
308broilers. Zerolevel indicatescontrol . Valuesin parenthesesindi cate the 95% confidenceinterval . Ovaluesares gnificantly lessthan
88%; p< 0.05. @3 Y= 3.93+ (1.37x,+ 0.92x,), Relative effectiveness: DL-Met (x;) = 100%. H-Met (x,) = 67%* (60- 74). R>= 80%.
)y =2 33+ (1.41x,+ 0.95x,), Relative effectiveness; DL-Met (x;) = 100%. H-Met (x,) = 67%* (60- 74). R>= 81%.
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Figure 3. Bioefficacy of H-M et® relativeto DL-Met usi ng secondary 1-choloro 2-3-dinitrobenzene (DNCB) response, 24 and 48 hours
after injection in male Ross 308 broilers. Zero level indicates control. Values in parentheses indicate the 95% confidence interval.
Ovaluesare significantly lessthan 88%; p< 0.05. ¢ Y =0.93+ (1.97x,+ 1.35x,), Relative effectiveness: DL-Met (x;) = 100%. H-Met
(X)) = 69%* (57-81). R%= 78%. ®y=0.14+ (0.89x,+ 0.62x,), Relative effectiveness; DL-Met (x;) = 100%. H-Met (x,) = 70%* (57-
83). R=77%.
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Figure 4. Bioefficacy of H-M et® relativeto DL-Met usi ng secondary phytohemagglutinine (PHA-P) response, 24 and 48 hours after
injection in male Ross 308 broilers. Zero level indicates control. Valuesin parentheses indicate the 95% confidence interval. Ovalues
aresignificantly lessthan 88%; p<0.05. @Y =0.56+ (1.07x,+0.73x,), Rel ativeeffectiveness: DL -Met (x,) = 100%. H-Met (x,) = 68%6*
(57-79). R?=78%. ) v = 0.19+ (0.28x,+ 0.19x,), Relative effectiveness: DL-Met (x,) = 100%. H-Met (x,) = 68%* (55- 81). R?= 77%.

not well understood. One possibility isthat Met can
regulate certain immunomodulators, such as has a lower bioefficacy relaive to DL-Met.

cytokines (e.g. interleukin-1) (Klasing and Barnes, Obviously, there are some physical and chemical
1988) or hormones (e.g. insulin-likegrowth factor-I, differences between DL -Met and H-Met®, and these
triiodothyronine and thyroxine) (Rosebrough et a., differences could play a role in bioefficacy
1998; Rosebrough et &, 1996). differences. In addition, there are some possibilities

Bioefficacy of H-Met® Relativeto DL-Met: In for lower bioefficacy of H-Met® relativeto DL-Met
the present study, the addition of each Met sources as Hoehler et al. (2005) and Payne et a. (2006)

was made on a weight basis. Hoehler et al. (2005) explainedfor comparing DL-Metand MHA-FA. The

either based on equimolar or weight-to-weight relativeto DL-Met polymericform may beoneof the
comparison of the two Met sources, although the main reasons for its lower bioefficacy. Another

resultsarenot exactly the same. potential reason is that DL-Met can absorb faster

There are several hypotheses as to why H-M et®

176 1JVM (2014), 8(3):169-178



Hadinia, Sh.

because it has transporters with higher affinity and
greater velocity than H-M at® transporters.

Conclusions and applications: 1. The relative
effectivenessof H-Met® wass gnificantly lower than
that of DL-Met in broiler chickens. The average
bi oefficacy was68%for H-M et® onall criteriatested.

2. H-Met® can be administered as a new and a
natural source of Metin poultry industry.
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