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SUMMARY : This study was carried out at the Poultry Rese&tidtion, El-Azab,
Fayoum, Egypt during the period from June to Au@@ll. A total numbers of 168 one-day
old unsexed Ross broiler chickens were initially &control diet for four days. At five days of
age, birds were divided into eight treatments (&tisbeach), each treatment contained 3
replicates of 7 birds each. Four levels of diefdily (recommended (R), R-100, R-200 and R-
300 Kcal /Kgdiet) and two levels of dietary betaine (0.00 andb®) were used in a 4x2
factorial arrangement giving eight dietary treattsen

Results obtained could be summarized in the following:

Growth performance: Inclusion of betaine in broiler diet at 0.05% cadig significant
increase in LBW at 42 days and LBWG during thequefrom 5 to 42 days. Chicks fed control
diet -100 Kcal ME/Kg diet + 0.05% betaine had digaintly higher LBW and LBWG during
the period from 5 to 42 days of age, while, chitdéd control diet -300 Kcal ME/Kg diet +
0.05% betaine (D8) had lower LBW and LBWG valuesirty the same period (differences
between D8 and control diet were not significar@hicks fed R-300 Kcal/Kg diet had
significantly lower FI during the period from 5 #2 days. Betaine supplementation and
interaction due to level of ME x betaine additiosignificantly affected FC during all periods
studied. Chicks fed R-100 Kcal/Kg diet had bett®x3uring the period from 5 to 42 days.

Slaughter parameters% blood parameters and mortality rate%: Level of ME,
betaine supplementation and interaction due tol le&E x betaine addition insignificantly
affected slaughter parameters and some blood pseesnduring all experimental periods.
Mortality% was within normal limits and not relatamtreatments studied.

Economical efficiency (EEf): Economical and relative efficiency (EEf) valuesidg
the period from 5 to 42 days of age was improvedhatks fed all experimental diets with or
without betaine supplementation as compared witkdHed the control diet.

Generally, all experimental treatments improved Ross perfogaaduring the period
from 5 to 42 days as compared with control dieistme be due to betaine supplementation
which has beneficial in heat stressed broilersaibetalso has a more pronounced effect when
FI and dietary energy are limiting. On the othendait can be concluded that ME can be
reduced from the recommended level by 300 kcalfidy supplement these diets with betaine
for Ross strain reared during the summer period.

Key words: Triticale, betaine, metabolizable energy, heakesstr and broiler
performance.

INTRODUCTION

The rapid growth of modern broiler strains, coupheth lower prices, can serve
as a partial solution to widespread protein maitiotr in most developing countries in
the tropics and offer alternative means of incregasincome. However, broiler
production in the tropics is faced with major chaties such as high feed costs and heat
stress during hot periods of the year. Ambient erafure is the most environmental
factor, which affects all physiological processed aroductive performance of animal.
Heat stress is known to be one of the major probltdrat usually faces poultry as well
as poultry farmers in summer montfSabah et al., 2008) and causes the loss of
revenue that ranges into millions of dollars eadaryMahmoud et al., 2003).
Chickens have no sweat glands, a rapid metabo$ienthey are more sensitive to high
ambient temperature®\ number of studies reported that the suitable tratpre for



poultry is between 16 and Z5(Cerci et al., 2003and Sahin et al., 2006)and relative
humidity of 60-70% is ideal for broiler as reportegHoffman and Gwin (1954).Any
deviation especially on the higher side depresséis the survival and the production
(Tayeb, 2009and Yahav, 2009).While, according toBollengier et al. (1998) heat
stress begins when the ambient temperature becbiglesr than 27°C and is readily
apparent above 30°C

Large economic losses occur because of mortality detreased production.
Acute stress caused by sudden increases in temperasults in large number of death
and evokes a wide range of behavioral, biochemighysiological and molecular
adjustments(Etches et al., 1995). The nature and magnitude of these adjustments
depend upon the degree of heat stress imposedcalypsponses include elevations in
plasma concentrations of corticosteroids, protgiucose, sodium and decrease in
relative weights of adrenal, bursa, spleen andibdyAbou El-Soud et al., 2006).Also,
broilers can adjust to heat stress by physiologieathanisms (such as elevated body
temperature, panting and respiratory alkalosis) aad those directed at reducing heat
production(Gray et al., 2003).

As poultry house temperature increases, respiraates of poultry and body
temperature loss increase. This accelerates wéthnitrease of moisture in the poultry
house(Vona et al., 1984).At the same time, heat stress increases lipidqmaibon as a
consequence of increased free radical generatiaohwdan have various deleterious
effects in poultry such as metabolic disturbanced], injury and changes in enzyme
activity (Sahin and Kucuk, 2003) Heat stress depressed immune function also causes
mortality (Younis, 2007)in fowls. Thus it has become necessary to avoid $teass in
order to prevent unnecessary suffering and redgeceductivity. The recognition of
heat stress as a problem for efficient broiler patin in hot weather has led to many
research efforts such as genetic, nutritional, ifeedand housing environment to
alleviate the problemi{nn et al., 2006).

In order to overcome the adverse effect of heatsston broiler performance, a
considerable amount of research has been conduptad nutritional parameters such
as increasing dietary metabolizable energy (MBjrove broiler performance during
heat stresRaju et al., 2004).While, Baghel and Pradhan (1990andHoffmann et al.
(1991) recommended reducing dietary ME during hot coadgi The energy
requirement of birds decreases as the ambient tamope increases above 21°C
(Daghir, 1983).0n the other hand, adequate energy intake dunegummer month is
very important for broiler since any excess enarggsumption is deposited primarily
as fat in the body (indicating the wastage of dietanergy) and birds obesity is
normally associated with lower production and feffttiency (Hocking et al., 2002)
Also, obesity in birds increases the incidenceepioductive failure, death due to heart
failure and impaired thermoregulatig@arlich, 1979) So, it is necessary to provide
adequate energy intake to control body heat aggtgood performance.

High environmental temperatures may cause wateralenioe and osmotic
change in cells from dehydration. It is known tohtnges in cell water volume can
affect cell activity(Sahin et al., 2009).Betaine added to feed or drinking water has been
shown to be beneficial in heat stressed broilereddging birds to stave off dehydration
(Konca and Kinkpinar, 2008). During recent years, betaine has gained incrgasin
attention as commercially feed additive in pouhintrition with the most popular forms
anhydrous betaine, betaine monophosphate and éelsidrochloride. Betaine, the
trimethyl derivative of the amino acid glycine ((MeN+-CH2COO-)(Eklund et al.,
2005).Betaine also acts as a methyl donor, which in toay be used for the synthesis
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of methionine, carnitine, phosphatidyl choline amdatine, which play a key role in
protein and energy metabolis(&@klund et al., 2005 and Ratriyanto et al., 2009).
Furthermore, betaine has many major metabolic fonst it acts as an osmolyte, which
reduces the negative effects of dehydration of éghperature or diseas@Sarcia et

al., 2000)and improves immune response as will as produgtifRemuset al., 2004
and Wang et al., 2004). Its ability to protect intestinal microbes agairsgmotic
variations and improves microbial fermentation \agtiwhich might improve nutrient
digestibility (Ratriyanto et al., 2009).Betaine also has a more pronounced effect when
FI and dietary energy are limitir(gVray et al., 2004andDunsheaet al., 2009).

Betaine was effective in improving growth and feesversion (FC) and has a
methionine sparing effect in broilefGarcia et al. 2000). Hassaret al. (2005)reported
that betaine addition at either 0.072 or 0.144%i8@antly improved LBW by 4.4 and
4.8%, respectively. AlsoWaldenstedt et al. (1999) reported that dietary betaine
addition improved performance of chicl&aunderson and Mackinlay (1990)eported
that accumulation of betaine in the cell protetfsom osmotic stress.

The traditional feed grains, in Egypt, corn andb&ans, are not produced in
quantities that make them available to poultryEgypt, some nontraditional feed grains
prove to be useful whereas others do not. Triticsake relatively new feed grains that is
not used to any great degree in poultry faddr(nes and Johnson, 2004nd Emam,
2010)

Triticale is an alternative cereal grains that fsyarid of wheat and rye. Triticale
was developed to combine the high crude protein @¥e digestible energy of wheat
with the high yields and protein quality of rye.itibale grains are a good source of
minerals, especially the phosphorus content whaotges from 300 to 35619/100g
(NRC, 1994andEmam, 2010).The higher level and greater availability of phosjis
allows for less phosphorus supplementation whengusiticale in diet formulation as
opposed to maize besides, using such diets redeedxost and phosphorus pollution.
In several studies with broilers show no differenae productivity, even when diets
consist of 100% triticaleMaurice et al., 1989andEmam, 2010Q. Also,Chapmanet al.
(2005) indicated that the daily LBWG for the diets ustnigicale was 5% higher than
for the corn-based diet.

Tollba et al. (2007a)reported that average temperature in Egypt israr@0°C
during 6 months in the year. Under these conditibiesit stress is particularly a great
problem when hens are kept in convention naturadigtilated houses, which have
proven ineffective in many regions of the counyetary manipulations are normally
applied to alleviate the negative effects of hohate on performance of broiler chicks,
instead of the high cost of cooling poultry builgn So, dietary supplementation of
some compounds such as amino acid (betaine) magy ugvthe opportunity to take
appropriate preventive to avoid the adverse effe€teot summer months on broiler
performance. However, information are lacking om tise of betaine at lower levels of
ME during the summer season conditions. Theretbeepbjective of the present study
to determine the effects of betaine supplementaiolower levels of ME (qualitative
feed restriction) on performance, mortality ratel @ome physiological response of
broiler strain reared during the summer period.

MATERIALS AND METHODS

This study was carried out at the Poultry Rese&tetion, EI-Azab, Fayoum,
Egypt during the period from June to August 201he@ical analyses were performed



in the laboratories of the Poultry Research Stat@aoultry Production Department,
Faculty of Agriculture, Fayoum University

A total numbers of 168 one-day old unsexed Roskebrchickens were initially
fed a control diet for four days. At five days dajea birds were divided into eight
treatments (21 birds each), each treatment contd@meplicates of 7 birds each. Chicks
were raised in electrically heated batteries wétised wire mesh floors and had a free
access of feed and water. Batteries were placedaimbom provided with a continuous
light and fans for ventilation. The birds were Bxhrunder similar environmental
conditions, and were fed starter diet from fivelfoday, grower diet from 12 to 23 day,
and finisher diet from 24 day to the end of theezkpent at 42 day of age (triticale-soy
bean meal basal diet). Feed and water were supgdiditbitum. Four levels of dietary
ME (recommended (R), R-100, R-200 and R-300 Kcaltigt) and two levels of
dietary betaine (0.00 and 0.05%) were used in afdst@rial arrangement giving eight
dietary treatments.

The experimental treatments were as follows:

1- Chicks were fed the control diet {D

2- Chicks were fed B+ 0.05% betaine (b).

3- Chicks were fed P-100 Kcal ME/Kg diet ().

4- Chicks were fed P-100 Kcal ME/Kg diet + 0.05% betaine {D

5- Chicks were fed P-200 Kcal ME/Kg diet ([3).

6- Chicks were fed P-200 Kcal ME/Kg diet + 0.05% betaine {D

7- Chicks were fed P-300 Kcal ME/Kg diet (B).

8 Chicks were fed P-300 Kcal ME/Kg diet + 0.05% betainedD

The tested raw material was analyzed for moistGr, ether extract (EE), CF,

ash, NFE% and ME kcal/Kg, by the methods outlingdAssociation of Official
Analytical ChemistsA.O.A.C. (1990) The determined chemical analysis of triticale
grains (grown locally) showed that triticale grairmntained, 10.20, 12.50, 1.00, 4.06,
1.85, 70.39% and 3000.0 for moisture, CP, EE, GR, AIFE% and ME kcal/Kg (the
ME value was calculated accordingXanssen, 198%y applying the equation: Triticale
MEn (Kcal/kg)=(34.49xCP)+(62.16 x EE)+ (35.61xNFEj)espectively. And soy bean
meal contained, 10.00, 42.00, 1.90, 4.50, 2.501(84. and 2230.0 for moisture, CP,
EE, CF, ash, NFE% and ME kcal/Kg (the ME value walsulated according tdRC,
1994, respectively.

The experimental diets were supplemented with raleeand vitamins mixture,
DL-methionine and L-Lysine HGb cover the recommended requirements according to
the strain catalog recommendations and were fomedil#o be iso-nitrogenous. The
composition and calculated chemical analyses of ekgerimental diets are shown
in Table 1.



Table 1: Composition and analyses of the experimeaitdiets.

Starter Grower Finisher
Items Level of metabolizable energy, Kcal./Kg
R' R-100 | R-200] R-300] R R-100 R-200 R-30p R R-100 Re20 R-300
Triticale, ground 58.00 | 58.00 58.00| 58.00 62.0( 6Q. | 62.00 | 62.00 64.00 64.0¢ 64.00 64.00
Soybean meal 2468| 25,50 2653 27.37 18.20 21/45452 | 27.64 | 19.24| 22.40 23.62 2452
Corn glutein meal 8.53 7.71 6.80 5.94 8.8 7.74 5.76 3.71] 5.87 3.82 2.19 1.92
Wheat bran 0.00 1.15 2.20 3.34 0.00 ®. 0.00 0.00 0.00 0.0d 0.98 2.09
Calcium carbonate 1.55 1.55 1.55 1.5 a.4 1.40 1.40 1.41] 1.35 1.3b 1.35 1.87
Sodium chloride 0.30 0.30 0.30 0.3Q 0.30 0.30 0.30 0.30 0.3(Q 0.30 0.30 0.30
Vit. and Min. premix 2 0.30 0.30 0.30 0.30 0.30 0.30 0.800.30 0.30 0.30 0.30 0.30
Monocalcium phosphate 1.73 1.73 1.772 1.7p 1.56 1.50 1.50 1.49 1.43 1.40 1.88 .361
Vegetable oil® 4.18 3.04 1.91 0.74 5.79 4.7 3.¥42.72 7.17 6.15 5.03 3.90
DL—Methionine 0.26 0.27 0.27 0.28 0.17 0.18 0.19 0.21 0.11] 0.12 0.12 0.13
L-Lysine HCI 0.47 0.45 0.42 0.40 0.42 .30 0.29 0.23 0.23] 0.14 0.13 0.11
Total 100.0 | 100.0 | 100.0f 100.d 100.0 100,0 100.0 .a0@ 100.0 | 100.0| 100.0f 100.G
Calculated analysié:
Crude protein 23.50 | 2350 | 2350 2350 22.00 22.002.0p | 22.00§ 20.00| 20.00 20.0 20.00
Ether extract 5.44 4.33 3.23 2.19 7.00 5.99 4,97 3.96 8.32 7.31 6.22 5.12
Linoleic acid 2.87 2.23 1.60 0.94 3.78 3.22 2.65 2.09 4.58 4.02 3.39 2.75
Crude fiber 3.72 3.87 4.02 4.17 3.61 73. 3.84 3.96 3.69 3.81 3.96 411
Calcium 1.00 1.00 1.00 1.0( 0.90 0.90 0.90 0.90 0.85 0.85 0.85 0.85
Available phosphorus 0.50 0.50 0.50 0.59 0.45 0.45 0.45 0.45 0.42 0.42 0.42 420.
Methionine 0.69 0.69 0.69 0.64 0.59 ®.5 0.59 0.59 0.48 0.48 0.4f 0.48
Methionine+Cystine 1.09 1.09 1.09 1.04 90. 0.97 0.97 0.97 0.83 0.8B 0.83 0.83
Lysine 1.44 1.44 1.44 1.44 1.2b 1.25 1.25 1.25 1.05 1.05 1.0% 1.06
ME, K cal./Kg 3010.3| 2910.1 2810.1 2710§13175.1| 3075.1 2975.1 287513225.0| 3125.3 3025.0 29251
Cost (£.E./ton)’ 2490.7| 2406.7 2315.8 223012493.0| 2391.5 2293.3 219912374.8| 2274.4 2181.f 20963
Relative cost® 100.0 | 96.62 92.97| 89.54 100.0 95.93 91.99 88R1 .010095.77 91.87| 88.27

1 Recommended

2Each 3.0 Kg of the Vit. and Min. premix manufactitey Agri-Vet Company, Egypt and contain¥it. A, 12000000 IU;

Vit. D3 2000000 IU; Vit. E, 10 g; Vit. K 2.0 g; Vit. B1, 1.0 g; Vit. B2, 5 g; Vit. B6, 1 Vit. B12,10 mg; choline chloride, 250 g; bigtb0 mg;
folic acid, 1 g; nicotinic acid , 30 g; Ca pantathee, 10 g; Zn, 50 g; Cu,10 g; Fe, 30 g; Co, 1003eg 100 mg; I, 1 g; Mn, 60 g and anti-oxidant,

10 g, and complete to 3.0 Kg by calcium carbonaté. Mixture from 75% soybean oil and 25% sunflower oil
(excepttriticale andsoybean mealere analysis before start the experiment). ° According to the local market price at the experital time.

& Assuming the price of the control group equal 100.

* According toNRC, 1994



The vaccination program adopted by recommendedresgants according to
standard commercial guidelinddirds were individually weighed to the nearest gram
at 5,11,23 and 42 days of age intervals duringetierimental period. At the same
time, feed consumption was recorded and feed csiore(FC, g feed/g gain) and live
body weight gain (LBWG) were calculated. Crude emotconversion (CPC) and
caloric conversion ratio (CCR) were also calcula#gctumulative mortality rate was
obtained by adding the number of dead birds dutiegexperiment divided by the
total number of chicks at the beginning of the expental period.

At the end of the finishing period (42 days of age&lpughter tests were
performed using three chicks around the average ldB\&ach treatment. Birds were
individually weighed to the nearest gram, and dheiged by severing the jugular vein
(islamic method). After four minutes bleeding tineach bird was dipped in a water
bath for two minutes, and feathers were removederAthe removal of head,
carcasses were manually eviscerated to determime smarcass traits, dressing%
(eviscerated carcass without head, neck and thaits)otal giblets% (gizzard empty,
liver, heart and spleen). The eviscerated weigtitided the front part with wing and
rear part. The abdominal fat was removed by haowih fthe parts around the viscera
and gizzard, and was weighed to the nearest grae.bbne of front and rear were
separated and weighed to calculate meat percentédigemeat from each part was
weighed and blended using a kitchen blender.

Also, individual blood samples were taken from éhbérds. The biochemical
characteristics of blood were determined coloriraliy, using commercial Kits.

In Egypt, during summer season (from June to Audixtl), the average
minimum and maximum ambient temperatures rangegdsst 21.75 and 40.85,
relative humidity 51.39% and temperature-humiditgex (THI) from 31.26 to
57.85% under Fayoum Governorate, Egypt (Centralotabry for Agricultural
Climate) as show in Table 2, which indicated thabilbr suffered from high
environmental temperature (severe heat stress) hwit@used many troubles.
According toMarai et al. (2002)there is severe heat stress when THI is higher tha
28.9.

The THI was calculated according to the formula Mgrai et al. (2001) as
follows: THI = db°C—[(0.31-0.031RH)x(db°C-14:4)].

Where: db°C is dry bulb temperature in Celsiegrdes, and RH is the
relative humidity as a percentage

Table 2: Temperature (C° and relative humidity%

A during the
experimental period from June to August 2011

. Temperature humidit
Items Temperature (C°) h Rellg_ttlv((; IOindex (THI) g
Minimum | Maximum Umidity~o Minimum | Maximum
Minimum 19.29 34.06 36 24.44 46.10
Maximum 24.25 44 .65 73 41.86 66.63
Mean 21.75 40.65 51.39 31.26 57.85
+ Standard 0.23 0.47 1.58 0.69 0.83
error

" Central Laboratory for Agricultural Climate aféthi (2013)




To determine the economical efficiency for meatdoiciion, the amount of
feed consumed during the entire experimental pesiasl obtained and multiplied by
the price of one Kg of each experimental diet whids estimated based upon local
current prices at the experimental time. Statib@calysis of results was performed
using the General Linear Models (GLM) procedurettod SPSS softwareSPSS,
1999, according to the follow general model:

Yij= p+E+B;+EBj+ej

Where:
Yik: observed value p: overall mean
E level of ME effectif -100, -200 and -300 Kcal ME/Kg diet)
B;: betaine supplementation effeict.00 and 0.05%)
ER: interaction of level of energy effect by betaggpplementation
effect
e: random error

Treatment means indicating significant differenffés0.01 and R0.05) were
tested using Duncan's multiple range (Eatncan, 1955)

RESULTS AND DISCUSSION:

Growth performance: Impact of betaine supplementation to triticale gliet
varying in their ME content on live body weight (1AB and live body weight gain
(LBWG) of broiler reared during summer season a@w in Table 3. Level of ME
effect was significant #0.01) for LBW at 23 and 42 days and LBWG during the
periods from 12 to 23 and 5 to 42 days of age @&l Chicks fed recommended
level of ME (R) -100 Kcal/Kg diet had higher LBW@&hBWG during these periods,
while, chicks fed R-300 Kcal /Kg diet had lower LBavid LBWG values during the
same periods (differences between R and R-300 madrsignificant). However, level
of ME had insignificant effect on LBW at 5 and 14yd of age and LBWG during the
periods from 5 to 11 and 24 to 42 days.

Inclusion of betaine in broiler diet at 0.05% calisesignificant increase in
LBW (P<0.05) at 42 days and LBWG £B.01 and R0.05) during the periods from
24 to 42 and 5 to 42 days of age. On the other,h@mdks fed diets containing 0.05%
betaine had higher LBW and LBWG values during theesods (Table 3).

Interaction due to level of ME x betaine additiaxgerimental treatments)
had significant for LBW at 23 and 42 days and LBW@ing the periods from 12 to
23 and 5 to 42 days of age (Table 3). Chicks fedrobdiet -100 Kcal ME/Kg diet +
0.05% betaine had higher LBW and LBWG during thpsgods, while, chicks fed
control diet -300 Kcal ME/Kg diet + 0.05% betaii®) had lower LBW at 23 and 42
days and LBWG values during the periods from 123oand 5 to 42 days of age
(differences between goand control diet were not significant). Howevds had
insignificant effect on LBW at 5 and 11 days of aged LBWG during the periods
from 5 and 11 and 24 to 42 days (Table 3).



Table 3: Effect of betaine supplementation to trittale diets varying in their
metabolizable energy (ME) content on live body welg (LBW, g) and live
body weight gain (LBWG, g) of Ross broiler chicks.

ltems LBW, g (age, days) LBWG, g (age period, days)
5 | 112 | 23 42 5-11]  12-23]  24-42 5-42
Level of ME, Kcal./Kg (L):
Recommended(R)| 114.88] 198.39| 653.3F | 1626.§ | 83.51| 451.78 | 940.2 | 1510.%
R-100 114.58| 197.50| 800.7% | 1860.2° | 82.92| 603.2% | 1027.1 | 1740%
R-200 114.94] 189.04| 726.2¢ | 1724.8° | 76.99| 538.327 | 978.8 | 16100°
R-300 114.16| 193.07| 640.62 | 1565.F | 80.62| 446.93 | 892.7 | 1448%
+SEM? 222 | 554 | 18.89 54.55 3.97 17.49 4276  54.7(
Betaine (B)%:
0.00 114.60| 194.50| 697.07 16235 | 80.59| 501.19 | 899.8 | 1505.68
0.05 114.68| 194.50| 713.37 1765% | 81.43/518.96 | 10198| 1649.3
+SEM 157 | 3.92 | 13.61 38.12 284 1261 29.88  38.27
L x B% (treatments):
R 0.00 114.89| 198.93| 648.54° | 1558.6 | 84.04| 445.3f° | 875.0 | 1441%
0.05 114.88] 197.86| 658.08° | 1695.8° | 82.98| 458.25° | 1005.3 | 1579 %
R.100 | 0:00 115.01] 199.57] 766.36° | 1721.0° | 84.56[ 566.79° | 924.4 | 1599.8
0.05 114.15| 195.43| 835.14 | 1999.4 |81.28]/ 639.7F | 1129.8 | 18813
R-200 0.00 114.45| 187.36| 696.93°® | 1505.6 | 75.69| 509.57° | 887.9 | 14812
0.05 115.42| 190.71| 755.46"° | 1854.5° | 78.28| 567.08" | 1069.8 | 17383
R-300 0.00 114.07| 192.14| 676.46% | 1618.0° | 78.07| 483.08° | 911.0 | 1499%
0.05 114.25| 194.00| 604.79 | 1512.f |83.16] 410.79 |874.4 | 1397%
+SEM 3.14 | 783 | 26.72 79.38 562 24.73 58.66  79.6(

a, ...e, and A,.. C, values in the same column withithe same item followed by different superscripts @
significantly different (at P<0.05 for a to e; K0.01 for A to C).

! Pooled SEM

Impact of betaine supplementation to triticale gliearying in their ME
content on Fl and feed conversion (FC) of broikared during summer season are
presented in Table 4. Concerning the FI valuesijfsignt differences were found due
to level of ME throughout all the experimental pes studied. Chicks fed
recommended level of ME had lower FI during theiquis from 5 to 11 and 12 to 23
days and those fed R-300 Kcal/Kg diet had lowedwing the periods from 24 to 42
and 5 to 42 days, while, chicks fed R-300 Kcal/Kef ¢thad higher Fl value during the
period from 5 to 11 days and those fed R-100 KcB/Hg diet had higher FI during
the other periods studied (Table 4).

As shown in Table 4, betaine supplementation irsged during all periods
studied compared with those fed betaine un-suppierdiet (this may be due to
improve the palatability of feedKidd et al., 1997). On the other hand, betaine
supplementation improves LBW and LBWG compared withse fed betaine un-

supplemented diet (thienprovement noted in LBW and LBWG has been attained
due to significant increase in Fl). The resultshaf present findingare in agreement
with those ofNawaz et al. (2006) who reported increased FI with the reduction in
dietary ME. In this respecEan et al. (2008)showed that LBWG of ducks increased
and Fl decreased significantly but FC improved iiggmtly as dietary energy
increased from 2.600 to 3.100 kcal of ME/kg. Immnment in FC of ducks appears to
be due to the decrease in feed intake caused hydmgary energy. Increasing dietary
energy level could improve FC of broilers by redgckl (Ghaffari et al., 2007).



Table 4. Effect of betaine supplementation to trittale diets varying in their
metabolizable energy (ME) content on feed intake (F g) and feed
conversion (FC) of Ross broiler chicks.

ltems FI, g (age period, days) FC (age period, days)
5-11 | 12-23 | 24-42| 542| 5-11 12-23 24-42 542
Level of ME, Kcal./Kg (L):
Recommended | 122.54 [921.927 |1997.¢ |3048.8 |160 | 2.10 |2.21 | 2.04
R-100 127.8% | 1027.14 | 2116.7 | 3285.7 |1.66 | 1.7%4 |2.17 | 1.93
R-200 128.2F | 1018.46 | 2070.2° | 3212.¢ |1.81 | 1.98 [2.16 | 2.02
R-300 133.39 | 933.6% | 1884.8 |[2950.6 |1.76 | 2.17 [2.16 | 2.07
+ SEM* 1.56 8.82 31.15 39.17 0.10 0.06) 0.11 0.07
Betaine (B)%:
0.00 126.46 | 965.83 | 1964.6 |[3057.2 |1.70 | 2.00 | 2.26 | 2.06
0.05 129.5¢ | 984.7% | 2070.f [3191.¢ |1.71 | 1.97 2.09 | 1.97
+ SEM 1.11 6.30 21.77 27.37 0.07 0.05| 0.08 0.04
L x B% (treatments):
r 000 120.23 | 927.61 | 2008.5° | 3065.2“|1.55 | 2.16 | 2.40 | 2.14
0.05 124.86 | 916.23 | 1987.3“ [ 3032.3“| 165 | 204 | 2.02 | 194
R.100 000 [123.71 | 997.74 [2043.3 [31715 |158 | 1.83 | 2.29 | 2.03
0.05 131.93 | 1056.57|2190.G" | 3400.¢ |1.73 | 1.66 | 2.04 | 1.84
R.o00 | [0:00 | 128.07 | 979.38" [ 1906.7° 300351183 | 1.96 | 2.20 | 2.06
0.05 128.36 | 1057.56|2233.7* [ 34209 |1.79 | 1.90 | 2.12 | 1.98
R-300 1.0-00 133.57 | 958.6%° | 1900.0 | 2989.2 |1.83 | 2.06 | 2.14 | 2.03
0.05 133.21 | 908.64 | 1869.6 | 2910.% |1.68 | 228 | 2.18 | 2.12
+SEM 2.21 12.48 45.33 57.01 0.15 0.09] 0.15 0.09

a, ...b, and A,.. E, values in the same column withithe same item followed by different
superscripts are significantly different (at <0.05 for a to b; B0.01 for A to E).

! Pooled SEM

The present improvement in FC ratio by betaine Eupentation are in
accordance with those d¢lassanet al. (2005) and Tollba et al. (2007b). These
results are in harmony with those obtained\agsiri et al. (2005)who reported that
betaine supplement improved LBW and FC ratio imteta (0-21 days) and growers
(21-42 days). These findings are in agreement thitise reported bRemus (2002)
who demonstrated that positive impact on bird pertnce of supplementing the diet
with betaine. When broiler chicks were subjectedhigh cycling environmental
temperatures, betaine significantly improved FCl@tdays of age. Alsoibd El-
Gawad et al. (2005)concluded that the use of betaine supplemented (660, 1000
or 1500 ppm) my be considered as a suitable meaxeiwome the depressing effect
of heat stress. The dietary betaine level of 150 pvould be preferable for chicks
kept ay hot conditions, with respect to growth perfance and economic efficiency.
Kettunen et al. (2001) studied the role of betaine in the osmoregulatibiroiler
chick intestinal tissue. They found that the preseaf betaine in the hyperosmatic
incubation medium in vetro would reduce the watasl|from the intestinal tissue.
Improved FC may have been attributed to the involkvet of betaine in protection of
intestinal epithelium against osmotic disturbari®etaine is indirectly involved in the
synthesis of carnitine, which is required for tqamding long chain fatty acids across
inner mitochondrial membranes for oxidatigwang et al., 2004). The research



showed that betaine led to a decrease in hetrdfimphocyte ratio (H/L) and body
temperaturgZulkifli et al., 2004) In contrast to these observations there have been
other reports demonstrating that betaine had nafgignt effect on final weight, FI
and FC ratioZhan et al., 2006).

Interaction due to level of ME x betaine additie@xgerimental treatments)
had significant for FI during the periods from 1223, 24 to 42 and 5 to 42 days of
age (Table 4). Chicks fed control diet -200 Kcal M diet + 0.05% betaine had
higher FI during these periods, while, chicks fedtcol diet -300 Kcal ME/Kg diet +
0.05% betaine (B) had lower FI values during the same periods (diffees between
Dgs and recommended level of ME were not significartjowever, its had
insignificant effect on FI during the period fronabd 11 days (Table 4).

Insignificant (P>0.05) effects were observed in ¥&ue except, the period
from 12 to 23 days (Table 4). Chicks fed R-300 K¢gldiet had the worst FC value
during these period, and those fed R-100 Kcal/kgg dad the best FC value during
the same period.

Betaine supplementation and interaction due tol leV®E x betaine addition
insignificantly affected FC during all periods sied (Table 4), Numerical
improvements in FC were frequently observed whetaibe was added and all
experimental treatments improved FC (P>0.05) duttregperiod from 5 to 42 days of
age as compared with control diet however, thedendt reach a level of statistical
significance (Table 4). It can be concluded that & be reduced from the
recommended level by 300 Kcal/Kg diet and suppldntkese diet with betaine
without affecting performance.

There is some evidence that betaine reduces emrgmpnditure for pumping
jons in cells exposed to hyperosmotic mefhdoeckel et al., 2002). The spared
energy may promote cell proliferatigeklund et al., 2005). Therefore, with betaine
in the feed, birds are able to retain water allgwmore energy for growtfdahanian
and Rahmani, 2008).

Impact of betaine supplementation to triticale sliearying in their ME
content on crude protein conversion (CPC) and walownversion ratio (CCR) of
broiler reared during summer season are shownhleTa

Level of ME effect was significant for CPC duringetperiods from 12 to 23
and 5 to 42 days of age and CCR during the permm fl2 to 23 days of age (Table
5). It is clear that, chicks fed R-100 Kcal/Kg diead better CPC and CCR values
during the previous periods, while, chicks fed R-3Ccal/Kg diet had worst CPC
values during the periods from 12 to 23 and 5 taldys of age (differences between
R and R-300 were not significant) and chicks fecoremended level of ME had
worst CCR value during the period from 12 to 23gdafyage.

Betaine supplementation and interaction due tol leiVME x betaine addition
insignificantly affected CPC and CCR during all ekmental periods (Table 5).
Numerical improvements (P>0.05) in CCR were frediyeobserved when betaine
was added, also, all experimental treatments imggto€CR (P>0.05) during the
period from 5 to 42 days of age as compared witlirobdiet however, these did not
reach a level of statistical significance (Table Bese results agree with those of
Eklund et al. (2005)and Ratriyanto et al. (2009)who reported that chicks fed diet
supplemented with betaine improersergy availability.
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Table 5: Effect of betaine supplementation to trittale diets varying in their
metabolizable energy (ME) content on crude proteirconversion (CPC)
and caloric conversion ratio (CCR) of Ross broilechicks.

ltems CPC (age period, days) CCR (age period, days)
5-11 | 12-23| 24-43 5-42] 5-11  12-23 24-42 542
Level of ME, Kcal./Kg (L):
Recommended |0.375| 0.462 | 0.442| 0.40% |4.81 | 667 [7.12 | 5091
R-100 0.389 | 0.383 | 0.433] 0.383 |4.82 | 536 [6.77 | 5.42
R-200 0.425 | 0.424 | 0.432| 0.41% | 5.08 | 5.73" | 6.53 | 5.63
R-300 0.413] 0.478 | 0.432| 0.431 |4.76 | 6.25° [6.32 | 5.65
+ SEM” 0.03 | 0.01 0.02 | 0.01 0.30 0.19 0.34 0.16
Betaine (B)%:
0.00 0.399 | 0.440 | 0.452 0.413 4.84 6.06 6.96 5|73
0.05 0.403 | 0.433 | 0.418 0.404 490 5.95 6.42 5|57
+ SEM 0.02 | 0.01 0.02 | 0.01 0.21 0.13 0.23 0.12
L x B% (treatments):
R 0.00 0.363 | 0.475 0.479 0.414 4.6b 6.85 7.73 6/07
0.05 0.388 | 0.450 | 0.404 0.396 496 6.49 6.51 5|75
R-100 0.00 0.372 | 0.402 | 0.458 0.390 46 5.63 7.16 5|53
0.05 0.406 | 0.365 | 0.408 0.377 5.08 5.09 6.38 5/30
R-200 0.00 0.429 | 0.430 | 0.441 0.418 5.13 5.82 6.66 5|69
0.05 0.421 | 0.417 | 0.423 0.412 5.04 5.64 6.40 5|58
R-300 0.00 0.430 | 0.454 | 0.428 0.431 496 5.93 6.27 5|63
0.05 0.396 | 0.502 | 0.43§ 0.431 456 6.56 6.38 5|67
+ SEM 0.04 | 0.02 0.03 | 0.02 0.42 0.26 0.48 0.p4
a, ...b, and A,.. C, values in the same column withithe same item followed by different
superscripts are significantly different (at *0.05 for a to b; <0.01 for A to C). ! Pooled
SEM

Slaughter parameters%o:

The slaughter parameters of chicks fed differem¢leof ME with or without
betaine supplementation are presented in Tablei$clear that, level of ME, betaine
supplementation and interaction due to level of MBEetaine addition insignificantly
affected slaughter parameters during all experiaigr@riods (Table 6).

Numerical improvements in relative weights of bumad thymus were
frequently observed when betaine was added compaithdthat of control group,
however, these did not reach a level of statissoghificance. Therefore, it may be
concluded that level of ME used in this study canused at 5 to 42 days of age
without any detrimental effect on slaughter pararset

Similarly, Tollba et al. (2007b)reported significant increase was detected in
relative weights of thymus and spleen in suppleegtiiteated groups compared with
that of control groupthe increase in weights of thymus and spleen vaitabably are
due to the immunostimulate as affected by feedihpataine. These results agree
with the findings ofNawazet al. (2006)who reported that no effect of ME on edible
carcass characteristics or abdominal fat weiglgo, Ghaffari et al. (2007)and Fan
et al. (2008) reported that high dietary energy did not affectast and rear meat
(P<0.05), but abdominal fat increased<(F05) when dietary ME was above 2.700
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kcal/kg and this fat was usually considered to be wastelymt when birds were
processed further, which indicated the economis fospoultry producers.

At high temperature meat yield particularly breastat yield is reduced
(Yalcin et al., 200)). Zaman et al. (2008)observed a small effect of energy dilution
on carcass and breast yields, but, abdominal fdtliaer weights increased with
increasing dietary ME in the dietEsteve and Mack (2000yeported that betaine
significantly improved carcass percentage but rmstass and breast weight, breast
yield, abdominal fat weight and abdominal fat patage.Abd El-Gawad et al.
(2005) reported that dietary betaine supplementation madsignificant effect on
dressing and breast percentages except the cladkdiéts supplemented with 1500
ppm betaine which recorded the highest value® () of dressing and breast meat
percentages as compared with control group (witbetaine). Also, they showed that
abdominal fat percentage gradually declined sigaifily (<0.05) as dietary betaine
increased.

However, some researchers reported that abdonahaldreased with betaine
supplement{Attia et al., 2005) Waldroup et al. (2006) suggested that additions of
betaine in broiler diets (under heat stress) sicanitly increased carcass dressing
percentage at 42 days of age but not at 48 daysmagdmprove breast yield

Blood parameters: As shown in Table (7), level of ME, betaine
supplementation and interaction due to level of MBetaine addition insignificantly
affected some blood parameters during all expetiateperiods (Table 7).
Numerically, chicks fed diet supplemented with betahad higher values of white
blood cells count (WBCs), red blood cells countmbglobin, hematocrit, mean
corpuscular volume and mean corpuscular hemoglotiile, those fed diet without
betaine supplementation had lower values (this enéue to high temperature inhibits
antibody productionGross, 1992)but, the difference is not significant during the
experimental period. Similar results were obserbgdTollba et al., 2007H who
found that supplementing layer diets with betafoe 16 wks increased {®.05)
hemoglobin and hematocrit values when compared tv@élcontrol dietSaunderson
and Mackinlay (1990) reported that accumulation of betaine in the peditects it
from osmotic stress. Increasing the previous blpathmeters may indicate that an
enhancement of immunity occurred correspondingetaihg betaine as a result of
improving FC, absorption and utilization of nuttig(irollba et al., 2007b)

These effects include the suppression of circugaifBC (Heller et al., 1979)
and increase in the heterophil /lymphocyte ratidL(lratio) which is an indicator
stress(Gross and Siegel, 1983)Also, a positive effect of betaine on immune
respons€éRemuset al., 2004).

Mortality rate%: Results in Table 8 indicated that the percentdgeantality
was 4.75% in chicks fed diet 1, 2 and 3. Howeueg, percentage of mortality was
zero% in chicks fed the other experimental dietsadpears that mortality% was
within normal limits and not related to treatmestisdied. The aforementioned results
are in agreement with those deilboronn and Ravussin (2003) who reported that
prolong energy restriction could reduce mortaléyer oxidative stress, visceral fat,
energy expenditurdn addition to this,Younis (2007)found thatheat stress causes
mortality.
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Table 6: Effect of betaine supplementation to trittale diets varying in their metabolizable energy (M)

content on some slaughter parameters% of Ross breil chicks.

Live Carcass
Items v&;g%t Heart | Liver | Gizzard | Spleen g;i—l(a)lt:tls Abd?;Pmal Bursa | Thymus B;:fﬁ:: rrﬁe:;[r V\;?;g?t Dressing
(9) evisceration
Level of ME, Kcal./Kg (L):
Recommended(R) 1506.8 | 0.51 | 2.62| 1.87 0.15] 5.15 1.92 0.11 0.44 85.03 BAGB.58 68.73
-100 1707.8° | 0.43 | 2.39| 1.55 0.19, 45 1.78 0.12 0.33 85.76 3B3a3.02 68.58
-200 1812.G | 0.48 | 2.70| 1.42 0.14| 4.73 1.69 0.12 0.36 86.51 483a3.87 69.60
-300 1562.8 | 0.47 | 2.42| 1.47 0.17| 4.52 1.92 0.18 0.43 85.89 78368.15 67.68
+ SEM’ 71.44 0.03| 0.15 0.17 0.02 0.20 0.37 0.02 0.0y 0/[8897 | 0.94 0.92
Betaine (B)%:
0.00 1614.3 | 0.48| 2.5 1.44 0.1 4.66 1.66 0.01 0.36 8&p&B.42| 63.99 68.65
0.05 1680.0 0.46| 250 1.72 0.14 482 2.00 0.05 0.41 28b.14| 63.82 68.65
+ SEM 50.51 0.02| 0.1 0.12 0.02 0.14 0.26 0.01 0.0b 0/5269 | 0.66 0.65
L x B% (treatments):
R 0.00 1511.0 0.55| 264 154 0.15 487 1.98 0.07 0.37 8b&3.82| 64.54 69.42
0.05 1502.0 | 0.47| 2.61 2.21 0.15 5.44 1.86 0.05 050 9BA84.96| 62.61 68.05
R-100 0.00 1650.0 | 0.43| 2.3 1.52 019 452 171 0.01 0.3  484%3.38| 62.76 67.27
0.05 1765.0 | 0.43| 2.4Q0 1.58 0.19 460 1.86 002 0.31 BLHE.29| 65.29 69.89
R-200 0.00 17185 | 0.47| 2.62 1.30 0.1 4.5 1.23 014 036 ©388P.96| 65.48 70.05
0.05 1905.5 | 0.49| 2.78 1.53 0.09 490 215 001 036 7Ba®.93| 64.26 69.16
R-300 0.00 1577.5 0.47| 2.62 1.40 0.2C 469 1.72 0.04 0.38 BHF3.55| 63.16 67.85
0.05 15475 | 0.46| 2.22 1.55 013 436 212 0.2 048 3BH&B.39| 63.14 67.50
+ SEM 101.0 0.05| 0.21 0.24 0.03 0.28 0.53 0.03 0.09 1/1838 | 1.32 1.30

a, ...b values in the same column within the same itefollowed by different superscripts are significatly different (at P<0.05 for a to b).

! Pooled SEM




Table 7: Effect of betaine supplementation to tritcale diets varying in
their metabolizable energy (ME) content on some btml parameters
of Ross broiler chicks.

A = —— =

White Red Mean
blood blood Hemoglobin | Hematocrit cor'\;l?sinular cor’;\JAue;:TJIar corpuscule_ar
ltems Gels | cells (g/dL) (HCT)% volume | hemoglobin (nemoglofin]
Amm® | (10%mm?) (MCV) U™ | (MCH) MG |~ (\ipicyoe
Level of ME, Kcal./Kg (L):
Recommended(R) | 13.78 | 2.39 10.63 34.58 145.00 44.55 30.7%
R-100 13.62 | 2.30 10.45 33.73 146.50  45.4( 30.95
R-200 14.30 | 2.26 10.23 33.25 147.00 45.28 30.78
R-300 15.50 | 2.37 10.63 34.20 144.2%  44.93 31.1°%
+ SEM’ 0.83 | 0.13 | 0.59 1.97 1.53 0.79 0.44
Betaine (B)%:
0.00 14.26 | 2.29 10.21 33.04 144.2%  44.6% 30.96
0.05 14.33 | 2.37 10.75 34.84 147.13 45.43 30.8%
+ SEM 0.56 0.09 0.42 1.39 1.08 0.56 0.31
L x B% (treatments):
R 0.00 12.50 | 2.38 10.75 35.05 147.00 45.15% 30.7(
0.05 15.05 | 2.39 10.50 34.10 143.00 43.95% 30.8(
R-100 0.00 15.25 | 2.38 10.45 33.80 14350 44.35 30.9(
0.05 11.98 | 2.25 10.45 33.65 14950 46.45% 31.0(
R-200 0.00 14.35 | 2.22 9.71 31.85 143.5( 43.8( 30.5(
0.05 14.25 | 2.30 10.75 34.65 150.50 46.7% 31.05
R-300 0.00 1495 | 2.21 9.95 31.45 143.0( 45.3C 31.75
0.05 16.05 | 2.54 11.30 36.95 14550 44.55 30.56
+ SEM 1.17 0.19 0.84 2.78 2.16 1.11 0.63
'Pooled SEM

Table 8: The calculated cumulative mortality% of chcks during the
period from 5 to 42 days of age.

Level of ME T Diet Tc?ﬁlcrll:rgfteged No?r(;]ebaedr Mortality%
Keall Betaine% beginning of birds Yy
(Kcal/Kg) (D) experiment

Recommended 0.00 D1 21 1 4.75

(R) 0.05 D2 21 1 4.75
0.00 D3 21 1 4.75
R-100 0.05 D4 21 0 0
0.00 D5 21 0 0
R-200 0.05 D6 21 0 0
R-300 0.00 D7 21 0 0
0.05 D8 21 0 0

Economical efficiency (EEf): Results in Table (9) show that EEf values
during the period from 5 to 42 days of age was oupd of chicks fed diets
4,7,6,8,5,3 and 2 as compared with those fed th&aodiet. Chicks fed diet 4 had
the best economical and relative efficiency valuesng 2.085 and 135.51%,
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respectively followed by chicks fed diet 7 (2.051dal33.28%, respectively) then
chicks fed diet 6 (1.936 and 125.81%, respectivelyen compared with chicks fed
control diet. Whereas, chicks fed control diet e lowest corresponding values,
being 1.539 and 100.00%, respectively. The relatwficiency varied between
100.00% (diet 1) to 135.51% (diet 4) which is ofnori importance relative to other
factors of production. On the other hand, resuit able (9)show that EEf values
during the period from 5 to 42 days of age was owed of chicks fed all
experimental diets with or without betaine suppletagon as compared with those
fed the control dietThis is logical since heat stress not only causgfering and
death in the birds, but also results in reducelbsirproduction that adversely affects
the profit from the enterprise. This again favdne use of energy restricted with
betaine than use of these without betaine supplaten in feeding Ross chicks
(Table 9).Abd El-Gawad et al. (2005)showed that betaine supplementation lowered
the feed cost needed to obtain 1 Kg live body weighe percentage of EEf was
improved when betaine was added to broilers featedeunder heat stress. Thus, the
economic evaluation provided further evidence far benefits of using betaine as an
attempt to alleviate the influences of heat stogsbroiler chicks.

Generally, as mentioned above, broiler sufferednfrbigh environmental
temperature and humidity (severe heat stress) wdaoksed many troubles (Table 2).
The main consequences of hot environment are a&tiedun performance, its mainly
due to the reduction in Fl. But, all experimentaéatments improved Ross
performance during the period from 5 to 42 dayagd as compared with control diet,
thus me be due to betaine supplementation whichbeagficial in heat stressed
broilers, betaine also has a more pronounced effben Fl and dietary energy are
limiting. This would not only ensure maximum utdizon of ME and every nutrient
of the diet but also help to reduce the cost oflpabion and high energy broiler diets
resulted in extra deposition of fat indicating thastage of dietary energy.

On the other hand, it can be concluded that ME lmamreduced from the
recommended level by 300 kcal’kg and supplemergetltkets with betaine in hot
weather so that heat stress is minimized.
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Table 9: Effect of betaine supplementation to trittale diets varying in their
metabolizable energy (ME) content on economical efiency (EEf) of Ross
broiler chicks.

Level of ME, Kcal./Kg
ltems Recommended (R) R-100 R-200 R-300

0.00B* | 0.05B| 0.00B| 0.05B| 0.00B| 0.05B| 0.00B|0.05B

D**1 D2 D3 D4 D5 D6 D7 D8
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e 1300.0 1300.0 1300.0{ 1300.0{ 1300.0| 1300.0{ 1300.0{ 1300.0
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9/ Gotal 1.5390 1.7726 1.8369| 2.0854| 1.8729| 1.9362| 2.0511| 1.8829
r 100.00 115.18 119.36| 135.51| 121.70| 125.81| 133.28| 122.35

* Betaine% ** [t

aapand g .......... average feed intake (Kg/bird) during the perials of starter, grower and finisher, respectively.

b; b,and bs ......... price / Kg feed (P.T.) during the periods o$tarter, grower and finisher, respectively (based o
average local matkprice of diets during the experimental time).

cLcand G ......... Feed cost (P.T.) during the periods of startegrower and finisher, respectively.

Total feed cost (P.T.) = gta = G+C+C3
Average LBWG (Kg/ bird) d
Price / Kg live weight (P.T.) e.......... (according to the local market price at thexperimental time).
Total revenue (P.T.)=d x e= f
Net revenue (P.T.) = f—ga =0
Economical efficiency = (9 /&) ------ (net revenue per unit feed cost).
r......(assuming that economical efficiency of the camtl group (1) equals 100).
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