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Table 1- Ingredients and nutrient composition of basal experimental diets in different periods (%)*

slysl
Ingredients, %

(539 V= V) cnslél
Starter (1-10 d)

(5390 W-YF) s
Grower (11-24 d)

(539, YO-FY) LY
Finisher (25-42 d)

Ogn o> A )

Corn, A% CP

g o yd FF dgw dlbus
Soybean meal, 44 % CP
oS

Wheat

b 059

Soybean oil

Olad oS’ (60
Dicalcium phosphate
Sal Kiw

Limestone

plb Ko

NaCl

LogsteJl 0
DL-Methionine®

3 59,0 5=l
L-Lysine - HCI
oy =l
L-Threonine
Vitamin premix
e JoSo
Mineral premix?

(%) 00 duloxo jludo

Calculated values (%)

PSS 5SS uddgilio B 555
Metabolisable energy, Kcal/kg
B e
Crude protein%
oS
Calcium

ooy B jind
Auvailable phosphorus
M"‘“’

Sodium
Onge

Methionine
Methionine+cystine
o
Lysine
OBy
Threonine

2

31.21

39.09

20.00

5.360

1.870

1.140

0.360

0.050

0.320

0.100

0.250

0.250

3000

23.00

0.960

0.480

0.160

0.392

0.756

1.440

0.970

25.37

33.97

30.00

6.740

1.640

1.050

0.350

0.030

0.270

0.080

0.250

0.250

3100

21.50

0.870

0.430

0.160

0.357

0.709

1.290

0.880

29.99

28.56

30.00

7.470

1.700

1.060

0.350

0.030

0.280

0.060

0.250

0.250

3200

19.50

0.870

0.430

0.160

0.239

0.652

1.160

0.780

03938l cyigstom J1 gl cloo e 4 coisstem JI 60 b akite polho b 3 igsto J)

! L-methionine was also added to diets containing L-methionine with similar amounts to DL-methionine
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Zupplied per kg of diet: vitamin A as acetate, 8800 IU; Cholecalciferol, 2500 1U; vitamin E (as dl-a tocopherol) 80 IU, vitamin K3, 2.2 mg; Vitamin
B12, 0.01 mg, thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35 mg, folic acid 0.5 mg; Biotin, 0.15 mg; pyridoxine 2.5 mg; pantothenate, 8 mg;

choline chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg; Magnesium, 75 mg; selenium, 0.2 mg; iodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg.
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Table 2- Effects of methionine levels and betaine replacement on growth performance, mortality (%) and production
efficiency factor of broilers in normal and heat stress conditions at 42 day of age®

Shgs Span Oy ol Shss has s My oL padls (%) s
e (i35 /¢55) (i3s/e/p.5) (p505) Production Mortality
Item Feed intake Weight gain Feed conversion efficiency factor (%)
(g/bird/d) (g/bird/d) ratio (g : @)
le> ORse ge (issie g "ol
Temp Met Met betaine
source level
oS i 95.12° 52.76° 1.811 316.4 7.166°
Heat stress
Jslsze 98.04° 56.20% 1.752 365.9 2.666°
Normal
SEM? 0.5915 0.274 0.007 4.212 1.142
-l 96.49 54.14 1.790 239.5 5.166
g
DL-Met
RRrry| 96.66 54.82 1.772 342.8 4.663
L-Met
SEM 0.8134 0.509 0.011 4.863 0.819
-30% 97.14° 49.42° 1.987 275.0 5.750
oA dpogs 98.86° 57.39° 1.703 371.3 4.250
recommended
+30% 93.73° 56.62* 1.655 377.1 4.750
SEM 0.990 0.612 0.016 5.956 1.003
ook gyl 96.54 54.78 1.770 343.7 4.666
+betaine
ool 23 96.61 54.18 1.797 338.6 5.166
- betaine
SEM 0.814 0.505 0.016 4.861 0.819
Source of variation P-value
Lo 0.025 0.008 0.003 0.001 0.049
Temp
Ceie g 0.878 0.344 0.102 0.641 0.667
Met source
Cgsite paw 0.003 <0.001 <0.001 <0.001 0.562
Met level
oo 0.955 0.403 0.219 0.465 0.667
Betaine
Lod X (yiguio guie 0.837 0.532 0.189 0.291 0.667
Temp xMet source
Lo3X (yigeie grdaws 0.945 0.745 0.812 0.439 0.780
Temp xMet level
LaaX yly 0.965 0.821 0.634 0.356 0.885
Temp x Betaine
LodX (yigete gaie X issie g X (5l 0.979 0.999 0.945 0.950 0.920
Temp xMet source xMet levelx Betaine
LoX (yigiie asie X (pigsin o 0.933 0.992 0.767 0.888 1.000
Temp x Met source xMet level
LodX (pigsta gedaws X 3l 0.994 0.984 0.882 0.733 0.920
Temp xMet levelx Betaine
LodX (pigste asio X oyl 0.986 0.797 0.729 0.923 0.885
Temp xMet source x Betaine
Cmie gieX isste paw 0.999 0.337 0.030 0.033 0.374
Met source xMet level
Ossie gaw X 5l 0.987 0.942 0.867 0.262 0.780
Met levelx Betaine
Cnie gieX igste pdaw X il 0.999 0.916 0.872 0.664 0.780
Met source x Met levelx Betaine
Ossie ase X ke 0.989 0.953 0.879 0.555 0.667

Met source x Betaine

g b g (0 o = 7Y clalin) daw 3 gstem I b g ) 90 Toas oyt slalin) ) a8 oy Ve gt b Jl (6 o = VY1050 (igiie o’ 052 S5y 5 0y aci V- g )')Su“ 0 (sl )96 o

bl o ylogs oy Y0 gine glds ol Ll ayliie pus CBgy> u?‘“’f"’)-’ s oy yp ) Soman Cpigiem [l g 63 3l aopd Yo il il (ol syl (slveye> FARGNEN] BUBVEWIWITE
Each four-factor combinations had 5 replicate pens of 10 birds each (r=5). 2-30%= DL- or L Met was 30% lower than recommendation, recommende = DL- or L-Met was
recommendation levels, +30%= DL- or L-Met was 30% higher than recommendation levels.® In diet containing betaine, betaine was replaced with 30% of supplemental DL -
or L-methionine. *° Means without common superscript within a column was significantly different (p<0.05).
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Table 3- Interaction effect of Met source and Met level on feed conversion ratio and production
efficiency factor in broilers fed diet containing methionine and betaine in normal
and heat stress conditions at 42 day of age *

oo g g glaw Slys a5 oo Wy S sl
Met source Met level Feed conversion ratio Production efficiency factor
(9:9)

-30% 2.02¢ 267.3°
osgieJl 63 0l dporgs 1.71° 363.0°
DL-Met recommended

+30% 1.65 388.4°

-30% 1.94° 282.8°
ossie=Jl o1 dvogs 1.70° 379.7°
L-Met recommended

+30% 1.66% 365.8%
SEM 0.016 8.423
P-value 0.030 0.0331
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Each four-factor combinations had 5 replicate pens of 10 birds each (r=5). 2-30%= DL- or L-Met was 30% lower than
recommendation, recommende = DL- or L-Met was recommendation levels, +30%= DL- or L-Met was 30% higher than
recommendation levels. *° Means without common superscript within a column was significantly different (p<0.05).
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Table 4- Effects of methionine (Met) levels and sources and betaine replacement on carcase yield (Percentage of live weight) and
breast yield and tights (Percentage of carcass weight) of broilers in normal and heat stress conditions at 42 day of age*

Yo

e asy Al Lhul)
Item Carcass Breast Thights
o> e e R =
Temp Met source Met level betaine
sl i 67.31° 26.77 22.31°
Heat stress
Jslsze 69.23° 28.02 24.81°
Normal
SEM* 0.389 0.164 0.439
o Jl 6> 68.13 27.23 23.72
DL-Met
Ry 68.41 27.56 22.40
L-Met
SEM 0.383 0.282 0.264
-30% 67.22° 25.99 22.52°
oAb dpog 68.48% 27.90 23.99°
recommended
+30% 69.17% 28.30 YEAV?
SEM 0.470 0.346 0.323
ool hyls 68.31 27.47 23.73
+ betaine
ool 43l 68.23 27.32 23.39
- betaine
SEM 0.383 0.282 0.264
Source of variation P-value
Lo 0.024 0.005 0.015
Temp
Ceie g 0.602 0.421 0.405
Met source
oo gaw 0.017 <0.001 <0.001
Met level
ol 0.875 0.709 0.368
Betaine
Lod X ysigeie guie 0.355 0.846 0.885
Temp xMet source
LdX gt prdaws 0.455 0.031 0.357
Temp xMet level
LaaX eyl 0.781 0.846 0.636
Temp x Betaine
LodX (yigiie quie X pwigete g X oyl 0.815 0.404 0.818
Temp xMet source xMet levelx Betaine
LadX (yigsie quio X pigste pdaw 0.653 0.800 0.756
Temp x Met source xMet level
LodX pigate o X 0.442 0.857 0.983
Temp xMet levelx Betaine
LodX (ypigsie quie X oyl 0.257 0.434 0.501
Temp xMet source x Betaine
Cmie gieX isste paw 0.493 0.928 0.956
Met source xMet level
Cesite paw X oyl 0.641 0.422 0.976
Met levelx Betaine
Cmie gieX ssste daw Xyl 0.798 0.924 0.922
Met source x Met levelx Betaine
Cbesie axie X sl 0.470 0.470 0.617

Met source x Betaine

2 oIl s Jl 60 Zosd dogi slelinl J 5iaS 003 Ve (gt I JI (65 g = /¥ 110 p900 0 (oigeitn pob 008 0338 Cungy 45Y 229 1,55 50 3 0 Ve g S50 (gl 55 Slaz pn
26 gy gy 3 b oy 3 (egiae tsie JIL g Jl 63 ) 2o ¥ 003l ol (s syl slbo e 3" lalisl ) jate o3 Yo siem 1L g ) 6 aw T 4T lalis] plaw

390 o jlass (e B gime gl o L liie
*Each four-factor combinations had 5 replicate p4ens of 10 birds each (r=5).? carcass without feathers and skin *-30%= DL- or L-Met was 30% lower
than recommendation, recommende = DL- or L-Met was recommendation levels, +30%= DL- or L-Met was 30% higher than recommendation levels.
* In diet containing betaine, betaine was replaced with 30% of supplemental DL - or L-methionine. ®° Means without common superscript within a
column was significantly different (p<0.05).
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Table 5- Interaction effect of temperature and Met level on breast yield (Percentage of carcass weight) in broilers fed
diet containing different levels of methionine in normal and heat stress conditions at 42 day of age*

Item “Met level Breast

-30% 25.95°
e 0 eos 27.40%
Heat stress recommended

+30% 26.97™

-30% 26.02°
i 2 seop 28.41%
Normal recommended

+30% 29.63%
SEM 0.490
P-value 0.031
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A5l B lass (s I gine ©glds 0aimd i dldio e B9 > gt b D & sl )t o Yo sgaiem 1L g JI 6 o =
'Each four-factor combinations had 5 replicate pens of 10 birds each (r=5). 2-30%= DL- or L-Met was 30% lower than recommendation,
recommende = DL- or L-Met was recommendation levels, +30%= DL- or L-Met was 30% higher than recommendation levels. *° Means without
common superscript within a column was significantly different (p<0.05).
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Table 6- Effects of methionine levels and betaine replacement on relative weight of digestive organs of broilers

(Percentage of live weight) in normal and heat stress conditions at 42 day of age

e ot KKe Jexb oSk g e S ey
Item Heart Liver Spleen Pancrease  Bursa of fabricius Abdominal fat
o> Osigste g igse gl ol
Temp Met source  Met level Betaine
wboS i 0.515 2.092 0.116 0.202 0.147 1.434%
Heat stress
Jglize 0.513 2.031 0.119 0.194 0.152 1.330°
Normal
SEM? 0.011 0.023 0.003 0.010 0.001 0.016
sl @ 0.533 2111 0116 0.200 0.151 1.387
DL-Met
o]l 0.496 2.012 0.117 0.196 0.148 1.377
L-Met
SEM 0.018 0.061 0.003 0.009 0.002 0.015
-30% 0.531 2.191 0.113 0.197 0.145 1.520°
oA dpog 0.501 1.961 0.115 0.200 0.154 1.216°
recommended
+30% 0.510 2.033 0.120 0.190 0.150 1.410°
SEM 0.022 0.075 0.004 0.011 0.003 0.019
ook gyl 0.534 2.110 0.116 0.188 0.149 1.373
+Betaine
ol a8l 0.494 2.013 0.114 0.178 0.150 1.391
-Betaine
SEM 0.010 0.061 0.003 0.009 0.002 0.015
Source of variation P-value
[ 0.903 0.133 0.844 0.605 0.110 0.011
Temp
Ceie g 0.167 0.254 0.925 0.801 0.500 0.672
Met source
Cissie o 0.638 0.092 0.509 0.983 0.184 <0.001
Met level
oo 0.132 0.270 0.982 0.966 0.905 0.398
Betaine
Lod X (yiguio guie 0.440 0.870 0.534 0.718 0.552 0.459
Temp xMet source
Lo3X (yeie grbaus 0.512 0.819 0.605 0.904 0.749 0.355
Temp xMet level
LaaX eyl 0.397 0.746 0.664 0.979 0.781 0.516
Temp x Betaine
LadX (ygete qute X pigate pdaw X 500 0.251 0.810 0.988 0.998 0.831 0.829
Temp xMet source xMet levelx Betaine
LodX (yigsie asie X (pigsio g 0.382 0.702 0.910 0.993 0.839 0.841
Temp x Met source xMet level
LodX (pigste prdaw X 3l 0.898 0.912 0.360 0.963 0.890 0.724
Temp xMet levelx Betaine
L3X s qsio X il 0.502 0.903 0.930 0.872 0.552 0.246
Temp xMet source x Betaine
Cmie gieX isste paw 0.513 0.816 0.899 0.986 0.970 0.651
Met source xMet level
Ossie gaw X 5l 0.247 0.344 0.734 0.918 0.815 0.630
Met levelx Betaine
st gaw (ssie gaie Xkt 0.922 0.320 0.947 0.951 0.499 0.366
Met source x Met levelx Betaine
O ae X il 0.796 0.541 0.604 0.911 0.405 0.349

Met source x Betaine

lolinl gaw )3 BsieJI b g Jl (50 Tord oy bl 1 oS 13 Ve sie b ) 63 aw = /¥ 10590 4 (igte s 392 S5 0 53 02y Ve g S50 (shls jS6 oz pa
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*Each four-factor combinations had 5 replicate pens of 10 birds each (r=5). %-30%= DL- or L-Met was 30% lower than recommendation,
recommende = DL- or L-Met was recommendation levels, +30%= DL- or L-Met was 30% higher than recommendation levels. * In diet
containing betaine, betaine was replaced with 30% of supplemental DL - or L-methionine. *° Means without common superscript within a column
was significantly different (p<0.05).
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Introduction Heat stress is considered as one of the most important stressors accompanied by economic losses
to the poultry industry. It causes reductions in weight gain and a series of metabolic disorders in broiler farms.
Methionine is one of the most limiting amino acids, playing a crucial role in body protein synthesis, and
therefore it would be beneficial to spare its function as a methyl donor. Broilers can utilize the isomers and
analogs of methionine for protein synthesis, because of the unique enzymatic pathways to convert methionine
isomers to L-methionine in the liver and kidney. Betaine is a common term for trimethylglycine, a substrate for
betaine-homocysteine methyl transferase in the liver and kidney that acts as a methyl donor during methionine
synthesis from homocysteine. The present study aimed to evaluate the effects of supplemental methionine
sources and betaine replacement on growth performance and carcass characteristics of normal and heat-stressed
broiler chickens.

Materials and Methods This experiment was carried out in two adjoining poultry houses (h=1200, Ross 308).
The experiment was designed in a 2 (Met sources)x2 (temperature)x3(Met levels)x2 (betaine levels) split-plot
form, with two poultry houses (60 pens each) as the main plot and 12 different diets as the subplot, with 5
replicates of 10 birds each. Mash corn-soybean meal basal diets were prepared for starter (1-10 d), grower (11—
24 d) and finisher (2542 d) periods to meet 2014 Ross 308 nutrient recommendations, except for Met.
Methionine levels in basal diets were adjusted at 30% lower than recommendation. They were increased to
recommendation and/or 30% more than recommendation by supplementing DL-Met and/or L-Met. Betaine was
substituted with 30% of supplemental DL-Met and/or L-Met. The betaine levels were calculated according to a
molecular weight basis. Betaine contains about 3.75 times the methyl groups compared with Met. The
temperature of both houses was set to thermal comfort temperature until 10 d of age. Then, the temperature of
one house was gradually decreased by approximately 3°C/week until reached to the basal temperature (23°C) at
d 28 and remained constant thereafter. In the other house, the temperature was gradually increased to 32°C
between 0800 and 0930 and this high temperature was maintained for 6 h (until 1530). After that, the
temperature was gradually decreased to the basal level by 1700. Body weight gain (WG) and feed consumption
(FI) were recorded periodically, and feed conversion ratio (FCR) was calculated for each period by dividing feed
intake by weight gain taking into account the mortality weights.

Results and Discussion Feed intake in broilers fed diet with 30% higher methionine was significantly lower
than the other two groups. Body weight gain was higher in birds fed diets with recommended or 30% higher than
recommended methionine compare to those fed diets with 30% less than recommended. It is tendentiously due to
the inciting effect of Met on growth by means of growth factors and its influence on protein synthesis and
breakdown. FCR in diet of 30% less than recommended methionine and containing L-methionine was
significantly improved in comparison to diet containing DL-methionine in the same level. Chicks required 138
or 141 units of DL-methionine to achieve the same daily weight gain and G: F of birds receiving 100 units of L-
methionine. Also, a number of studies have shown that the effectiveness of DL-methionine is similar to that of
L-methionine in chicks. In this study, replacing of betaine with 30% of supplemental methionine, showed no
significant differences on performance parameters, which implies the sparing effect of betaine for methionine. It
appears that methionine and betaine supplementation to slightly methionine deficient broiler diets could result in
an equivalent growth response and that methionine could be slightly spared by betaine. The production
efficiency factor improved by elevated levels of DL-methionine, but no difference was found between highest
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level of methionine and its standard level. Carcass yield, breast yield and tights yield had significant increase in
birds fed diets with recommended or 30% less than recommended methionine. This may be due to increased
muscle protein deposition induced by methionine. Birds fed diets with recommended or 30% less than
recommended methionine had the lowest and highest percentage of abdominal fat, respectively. The
improvement in carcass lean percentage may be attributed to a higher availability of recommended and cystine
for protein deposition. This is because an enhanced utilization of dietary amino acids for protein synthesis may
result in fewer amino acids available for deamination and eventual synthesis of adipose tissue. In the present
study, replacing betaine with 30% methionine showed similar responses to methionine. Changes in hormone
levels and growth factors involved in the regulation of fat synthesis and degradation, as well as lower activities
of lipogenic enzymes, have been observed following dietary betaine supplementation. Heat stress reduced
performance and carcass yield and increased mortality and abdominal fat content. HS disturbs the intestinal flora
balance and thereby diminishes nutrient digestibility and absorption.

Conclusion These results indicated that replacing 30% of methionine with betaine resulted same result in broiler
performance. The use of methionine below the recommended level, reduces performance in broiler chickens. L-
methionine appears to be more effective methionine source in improving the FCR than DL-methionine.
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