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Abstract:

BACKGROUND: The degree to which the amount of an
ingested nutrient is absorbed and available to the body iscalled
bioavailability. OBJECTIVES: Relative effectiveness of herbal
methionine (H-Met®) compared to DL-methionine (DL-Met)
was investigated in this experiment. METHODS: Exponential
regressionanalysiswasusedtodeterminebioefficacy of H-M et®
based onbody weight gain, feedintakeand feed conversion. DL -
Met and H-Met® were added to a basal diet in 3 and 4 levels,
respectively, in starter, grower and finisher periods. Therefore,
that met thenutrient and energy requirementsof broiler chickens,
with the exception of Met+Cys. RESULTS: In the 42-d tridl,
broilers growth increased significantly (p<0.05), relative to
those broilersfed basal diet, regardless of Met sources. Carcass
characteristicsdid not respond significantly to the supplemental
Met. CONCLUSIONS: Regression analysisreveaed that H-Met®
was 52% (body weight gain), 72% (feed intake) and 77% (feed
conversion ratio) as efficacious as DL-Met. H-Met® can be
administered as a new and a natural source of Met in poultry

industry.
I ntroduction

Methionine(Met) isuniversally recognized asthe
firstlimitedaminoacidinbroiler chickensdietsbased
on corn and soybean meal (Seki et a., 2011).
Sufficient intake of dietary Met and cysteine is
important for the synthesis of proteins (Grimble,
2006). It may therefore influence growth and
development of carcass and visceral organs. Wallis
(1999) described severa benefits of amino acid
supplementation: 1) reducing cost of production, 2)
producing the optimal balance of essential amino
acids that enhances growth, and 3) balancing an
animal's nutrient intake to conserve resources and
minimize wastes.

The most common source of Met in poultry diets
is DL-Met. This source of Met is produced by
chemical synthesisfromacrolein, methyl mercaptan,
and hydrogen cyanide. Increasing prices for petrol-
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derived precursorsof acrolein and methyl mercaptan
coupledtoincreasing demand for asource of organic
Met haveledtothe production of an organi c sourceof
Met called Herbal-Methionine (H-Met®). Prior to
usein poultry nutrition, it isnecessary to understand
the efficacy of thisnew source of Met, particularly in
comparison to DL-Met. Halder and Roy (2007)
examinedtheeffect of Herbomethionine(HerboM et)
as a source of Met on performance of broilers and
demonstrated that HerboMet can be used more
efficiently than DL-Met. But there is little
information onthebioavailability of H-M et®relative
to DL-Met. Therefore, this article discusses the
bioavailability of H-Met® relativeto DL-Met and the
effects of H-Met® on growth performance and
carcass characteristicsof broilers.

Materialsand M ethods

One-hundred and sixty males, 4-year-old Ross
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308 broilers were assigned to 8 dietary treatments.
Eachtreatmentwasreplicated4timeswith5birdsper
replicate. Treatments were composed of basal corn-
soybean meal diets (Table 1) with 3 and 4 series of
graded levels of DL-Met (98%) and H-Met® (Met:
12.6 and Met+Cyc: 16.9%); (Table 2). H-M et® was
supplied by India. Constituent herbs of H-M et®
included Andrographis paniculata, Ocimum sanctum,
Asparagusracemosus and Zea mays. The amount of
Met of H-Met was analyzed according to theAOAC
(2003) method 982.30. For each treatment starter,
grower and finisher diets were fed from day 4 to 10,
11 to 24 and 25 to 42, respectively. Feed and water
were offered ad-libitum. Temperature and lighting
were according to practice in loca commercial
operations. Basal diets were formulated to be
adequate for energy and all nutrients, except for
Met+Cys.

M easurements (Growth Performance): Body
weightsand feed consumption wererecorded for the
periods of day 4 to 10, 11 to 24 and 25 to 42.
Subsequently, body weight gain and mortality
corrected feed conversion ratio were cal cul ated.

CarcassDissection: At 42 daysof age, two birds
from each replicate with a body weight as close as
possible to the average weight of the pen were
subjected to feed withdrawal for 6 hours prior to
processing to determine carcassyield, breast, thigh,
liver and abdominal fat including thefat surrounding
thegizzard. Theyield of carcasstraitswas expressed
intermsof percentage of liveweight.

Satistical Analysis. The datawere evaluated as
completely randomized designs. Significant
differences were compared by Duncan's multiple
rangetest (p<0.05). Thepenmeanwasconsideredthe
experimental unit for al statistical analyses. A
nonlinear exponential model wasusedto estimatethe
bioefficacy of H-Met® relative to DL-Met as
suggested by Littell et a. (1997). The body weight
gain (BWG), feed intake (FI) and feed conversion
ratio (FCR) were analyzed by simultaneous multi-
exponential regression. Simultaneous exponential
regression analysis is a valid statistical means to
determine the relative bioefficacy of Met sources
(Hoehler et al., 2005a). The genera linear model
procedure (PROC GLM) in SAS software was
applied fitting the following nonlinear (multi-
exponential) equation:
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y=atbx(1- e(clx ey Xz))

Wherey is performance criterion, ais intercept
(birds performance with basal diet), b isasymptotic
response, atb is common asymptote (maximum
performance level), c; is steepness coefficient for
DL-Met, ¢, is stegpness coefficient for H-Met® and
X1, X, are dietary level of DL-Met and H-Met®,
respectively. According to Littell et al., (1997),
bicefficacy val uesfor H-Met®relativeto DL -Met are
given by theratios of regression coefficient, c,/c;.

Results

Performance: Total mortalities over the 42-day
periods were 0.5%. Mortality did not significantly
(p>0.05) affect either of the Met source treatments.
Asindicated by the performance dataand regression
curves, the broiler chickens responded significantly
to both supplements (p<0.05) (Tables 3to 5). In the
starter, grower and finisher periods, BWG increased

Tablel. TheCompositionof thestarter, grower andfinisher basal
diets. aVitamin premix provided the following per kilogram of
diet: Vitamin A: 5,600 IU from al transretinyl acetate;
Cholecalciferol: 2000 1U; Vitamin E: 20 1U from all-rac-o.-
tocopherol acetate; Nboflavin: 3.2 mg; Capantothenate: 8 mg;
Nicotonicacid: 28mg; CholineCl: 720mg; VitaminB12: 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. b 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) 3151 22.08 16.53
Canolameal 10.00 10.00 10.00
Soybean oil 371 137 0.99
Dicalcium phosphate 194 1.62 1.49
Oyster shell 1.52 123 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 % 0.14 011 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
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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 Met Differencebetween amountsof
source Addition of Met source(% product) pr;mgf:tgﬂo?sg ssr:ggé;ad
catalog*
Starter Grower Finisher Tota

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

Table3. Performanceof broiler chickensfedgradedlevelsof DL -
Met and H-Met® in starter period. & b, ¢, d - valuesin columns
withdifferent superscriptsdiffer significantly (p<0.05).* BWG=
body weight gain, FI= Feed Intake and FCR= Feed Conversion
Ratio, SEM = Standard error of themeans.

Treatmen  Met ﬁﬂde?I;Z?gé BWG* 0 () FCR
t SOUrCe o b oduct) (g/d)
1 - - 1851° 19.26% 1.04°
2 DL-Met  0.07 19.13°  19.85° 1.04°
3 DL-Met ~ 0.15 19662 21.13° 1.07°
4 DL-Met 0.22 1956 21.89% 1.12°
5 H-Met 0.07 1852° 19.36% 1.05°
9 H-Met 0.15 18.93° 19.88° 1.05°
7 H-Met 0.22 1962% 2183* 111°
8 H-Met 0.29 1950° 21.94% 1.13*

1]
<

- - 0.081 0.117 0.006

Table5. Performanceof broiler chickensfedgradedlevelsof DL -
Met and H-Met® infinisher period. a, b, ¢, d - valuesin columns
withdifferent superscriptsdiffer significantly (p<0.05).* BWG=
body weight gain, FI= Feed Intake and FCR= Feed Conversion
Ratio, SEM = Standard error of themeans.

Addition of .
Treatment sol\{ljftce Met source B(\Q//é;) Fl (g/d) FCR
(% product)
1 - - 77.96° 147.32% 1.89°
2 DL-Met 0.05 81.31° 156.70° 1.93"
3 DL-Met 0.10 85.45% 166.73° 1.95°
4 DL-Met 0.14 84.69° 174.99° 2.07%
5 H-Met 0.05 78.08° 147.63° 1.89°
6 H-Met 0.10 81.15° 150.01° 1.96°
7 H-Met 0.14 84.73% 166.76° 1.97°
8 H-Met 0.19 84.66° 175.62% 2.07°

18
<

- 0506  0.709 0.014

inresponsetoDL-MetandH-M et® supplementation.
Maximum BW Gswereachi eved by broilersconsum-
ed0.15,0.11and 0.10% DL -Met (treatment 3) for the
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Table4. Performanceof broiler chickensfedgradedlevelsof DL -
Met and H-Met® in grower period. a, b, ¢, d - valuesin columns
withdifferent superscriptsdiffer significantly (p<0.05).* BWG=
body weight gain, FI= Feed Intake and FCR= Feed Conversion
Ratio, SEM = Standard error of themeans.

Addition of
Treatment so,\ﬂrie M et source B(\Q;;* Fl (g/d) FCR
(% product)
1 - - 49.98° 66.687 1.33°
2 DL-Met 006 5425° 81.18° 1.50°
3 DL-Met 0.1 5822 88.99° 1.53°
4 DL-Met 0.17 57.45% 9575% 1.67°
5 H-Met 0.06 50.74° 67.44% 133°
6 H-Met 0.11 5424° 8180° 1.51°
7 H-Met 0.17 5815% 89.49° 1.54°
8 H-Met 0.23 57.40% 97.97* 171°
SEM - - 0439 1282 0.030

starter, grower and finisher periods, respectively and
0.22, 0.17 and 0.14% H-Met® for the starter, grower
and finisher periodsrespectively (treatment 7). Also,
Fl increased withtheincreased M et suppl ementation.
Maximum FI was observed in the dietary treatments
containing 0.22, 0.17 and 0.14% DL -Met (treatment
4) for the starter, grower and finisher periods,
respectively and 0.29, 0.23 and 0.19% H-Met®
(treatment 8) for the starter, grower and finisher
periods, respectively. FCR increased with the
increasing Met supplementation (p<0.05).

Carcass Characteristicss There were no
influencesof thelevel or the source of supplemented
Met on the carcass characteristics at 42 days of age
(Table6; p>0.05).

Bioefficacy of H-Met® relative to DL-Met:
Broilers fed DL-Met and H-Met® performed well,
but the results of the multi-exponential regression
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Table 6. Carcass yield (%), thighs (%), breast (%), liver (%) and abdominal fat (%) at 42 days of age in broilers submitted to different
treatmentsand sources of Met. SEM = Standard error of the means.

Addition of M et source . . Abdominal
Treatment Met source (% product) Carcass Thigh Breast Liver Fat
Starter Grower Finisher % of livebody
1 - - - - 77.31 24.45 27.17 184 1.83
2 DLMet 0.07 0.06 0.05 76.67 24.26 26.94 1.80 1.76
3 DLMet 0.15 0.11 0.10 76.59 24.19 26.91 1.58 1.27
4 DLMet 0.22 0.17 0.14 76.66 24.36 26.98 1.68 159
5 H-Met 0.07 0.06 0.05 76.57 24.26 27.06 177 1.68
6 H-Met 0.15 0.11 0.10 76.57 24.20 27.06 1.76 1.46
7 H-Met 0.22 0.17 0.14 76.64 24.39 26.93 1.75 1.28
8 H-Met 0.29 0.23 0.19 76.60 24.29 26.96 1.65 1.36
SEM - - - - 0.34 0.14 0.15 0.200 0.200
Table7. Bioefficacy of H-M et® based on body weight gain (BWG), feed intake (FI), feed conversionratio (FCR).
Performance
Periods Sarter Grower Finisher
Variables BWG Fl FCR BWG Fl FCR BWG Fl FCR
Bioefficacy (%) 45 77 82 55 69 75 57 71 75
Mean (%) 64 65 66
Total Mean (%) 65
(@ (b)
g
iC -1
£ i
3
g L3 L] L] L] L} §
0 0.07 015 0.22 0.29 = o 007 015 022 029
Supplemented product (% of diet) Supplemented product (% of diet)
Y=18.36+ 1.53x (1- e-(>9% *44%)) © Y=19.03-4.30x (1- e (*4%, 185y
Relative effectiveness: Relative effectiveness:
DL-Met (x,) = 100% =] DL-Met (x;) = 100%
H-Met (x,) = 45% (26-64)* H-Met (x,) = 77% (67-87)*
R’=79% R’=88%

Y=1.02-0.02x (1- e (*¥*1"> 7))

Relative effectiveness:

DL-Met (x,) = 100%

H 007 0.5 022 o2 H-Met(x,) =82% (73-91)*
e R’=85%

1

Figurel. Bioefficacy of H-M e® relativetoDL-Met usi ng body weight gain (BWG) (a), feedintake (FI) (b) and feed conversionratio (FCR)
(c) inmaleRoss 308 broilers (starter period). Zerolevel indicates control. * Valuesin parenthesesindi cate the 95% confidenceinterval.
DL-Met @ H-Met a
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Relative effectiveness:
DL-Met (x,) = 100%
s H-Met (x,) = 69% (58-80)*
R%=89%

Y=1.32-0.52 (1- (2% 22 ))
Relative effectiveness:
DL-Met (x4) = 100%
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H-Met (x,) = 55% (37-73)* "
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g 3
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L] 0.06

Supplemented product (% of diet)

T
0.11
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0.17

Figure2. Bioefficacy of H-M et® relativeto DL-Met usi ngbody weight gain (BWG) (a), feedintake (FI) (b) and feed conversionratio (FCR)
(c) inmaleRoss 308 broilers (grower period). Zero level indicates control. * Valuesin parenthesesindicate the 95% confidenceinterval.

DL-Met ®  H-Met 4

analysis showed that, the broilers fed by DL-Met
wereableto utilizeit more effectively than thosefed
by H-M et®in growth performance variables (Figure
1t03).ThebioefficacyofH—Met® relativetoDL-Met
was45%, 77%, and 82% based onBWG, Fl and FCR,
respectively for the starter period (Figure 1); was
55%, 69% and 75% based on BWG, FI and FCR,
respectively forthegrower period (Figure2); andwas
57%, 71% and 75% based on BWG, Fl and FCR,
respectively for the finisher period (Figure 3). The
overall averageof thesebioefficacy valuesis64%for
the starter period, 65% for the grower period, and
66% for the finisher period. Bioefficacy of H-M e®
relativeto DL-Met is65% on aproduct based on the
averageacrossall thecriteriatested (See Table 7).

Discussion

Performance: Met deficiencies depressed the Fi

1IVM (2013), 7(2):95-101

of broiler chicksduetoamino acidimbalances. It can
be assumed that, under amino acid imbalances,
chicks lose the potential to adjust FI to satisfy their
amino acidrequirements(Bunchasak and K eawarun,
2006). The main positive effect of Met supple-
mentation may comefromitsimprovement of Fl via
theamino acid balance (Bunchasak, 2009). Theearly
growth of young birdsismainly duetothedeposition
of the body protein. Also, feed intakeisan important
factor that influences body protein synthesis (Kitaet
a., 1996 a,b). The body protein synthesisrate of the
Tianfu duck decreased as dietary protein intake
decreased (Zhou and Qi, 1995).

The outcome of the present study showed that by
increasing thelevel of the Met sources, BWG and Fl
increased. The result of the growth performance,
however, did not confirm the result obtained by
Halder and Roy (2007). They reportedthat therewere
no significant differences between the utilization of
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Supplemented product (% of diet)
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Relative effectiveness:

DL-Met (x,) = 100%
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Relative effectiveness:
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Figure3. Bioefficacy of H-Met® relativeto DL-Met usi ng body weight gain(BWG) (a), feedintake(FI) (b) andfeed conversionratio (FCR)
(c) inmale Ross 308 broilers (finisher period). Zero level indicates control. * Valuesin parentheses indicate the 95% confidence interval .

DL-Met ®  H-Met 4

H-Met® and using DL-Met at the same level.
Contrary to their results, the results of our study
showed that there were significant differences
(p<0.05) between the same levels of either Met
sources.

Carcass Characteristic: These results are in
accordance with those reported by Meirelles, et al.,
(2003) and Ribeiroet a ., (2005) who claimedthat the
sourcesand/or thelevelsof Met did not affect carcass
yield, thighyield, legyield, breast and abdominal fat.
Also, Attia et al., (2007) and Mandal et a., (2004)
reported that the Met sources did not influence the
percentage of liver and thisisin agreement with the
finding inthe present study.

Bioefficacy of H-M et®relativetoDL-Met: The
addition of the Met source can be performed on an
equimolar basisor on aproduct to product (weight to
weight) basis. Hoehler et al., (2005b) demonstrated
that similar, if not exactly the same, results could be

100

obtained by estimating bioefficacy with either of the
comparisons. Accordingly, in this experiment the
addition of each Met sourceswas made on aproduct
to product (weight toweight) basis.
Therearesomepossibilitiesfor lower bioefficacy
of H-Met® relative to DL-Met, as Hoehler et 4.,
(20058) and Payne et al., (2006) explained for
comparing DL-Met and MHA-FA. One of the main
reasons for lower bioefficacy of H-M et® rdlative to
DL-Met is the poor utilization of the polymeric
forms. Another possibility isthat theH-M et® remov-
ed from the intestinal lumen was slower than DL-
Met. This resulted in much exposure to bacterial
fermentation. Yet another reason might be that H-
Met® absorbs more slowely because of having
transporterswithlower affinity andlessvelocity than
DL-Met. Additionally, producing considerable by-
products during the passage of H-M at® through the
small intestine may have affected the bioefficacy.

1JVM (2013), 7(2):95-101
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