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ABSTRACT

An axperiment was condusted to study the effects of adding graded levels of
betaine either alone or in combination with either enzymes preparation (EP)
containing «<-amylase, xylanase and protease or Ascorbic acid (Vitamin C} on
productive performance and carcass characteristics of broiler chicks raised under high
ambient temperatures. A number of 144 day— old "Hubbard” broiler chicks were
assigned to 6 treatment groups of 24 chicks in individual cages where every chick
represented one replicate. The six experimental diets were: control treatment diet (T;)
which was fornulated to be without supplemental betaine, treatments diets (Tz2) , (Ta)
and (Ts4) which were similar to control diet (T;) but they were supplemented with
commercial betaine (91%) at inclusion rate of 500,1000 or 1500 ppm , respectively.
White, (Ts) and (Te) diets were supplemented with 1000 ppm betaine (91%) combined
with 1 kg of EP/Ton or 200 ppm Vitamin C (1 kg 20% / Ton).

Chicks of all treatments had similar growth performance at the end of starter
period (18 days of age). Thenafter, body weight of chicks at the end of growing period
{40 days of age) increased by increasing dietary betaine levsl (T2, Ta, Ts, Ts, and Te),
with priority for Ts and Ts (P<0.05) over the control {T+1}. While, the distary treatments
did not show any significant effect an feed consumption and feed conversion ratio at
this age. At 49 days of age, the best results in regard to the productive performance,
carcass characteristics and economic efficiency were recorded by using either 1500
ppm added betaine only {T.) or 1000 ppm betaine combined with EP or Vitamin C (Ts
or Tg, respectively).

It could be concluded that the use of betaine supplemented diets (graded levels
alone or in combination with either EP or Vit.C) may be considered as a suitable mean
to overcome the depressing effect of heat stress. The dietary betaine tevsl of 1500
ppm or 1000 ppm combined with either 1 kg of EP /Ton feed or 200 ppm Vit.C wouid
be preferable for chicks kept at hot conditions, with respect to growth performance
and sconomic efficiency.

INTRODUCTION

Many studies have been conducted demonstrating the adverse effects of
high environmental temperatures on broiler chicks. The use of standard
broiler stocks under condition of high ambient temperature reduced growth
performance as results of decrease feed intake (EL-Moniary, 1991; EI-
Moniary ef al,, 1993, Yalcin et al, 1997, May et al., 1998 and EL-Deeb and
Abou-Elmagd, 2001). Birds become heat stressed when they have difficulty in
achieving the balance between body heat loss and body heat production. In
an effort to maintain body temperature, birds first rely on losing heat from
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blood vessels near the surface of the skin. As the ambient temperature
increased beyond the bird's thermoneutral zone, the bird becomes depend on
panting as the mechanism for controlling body temperature. Panting is an
effective but energy — expensive way for the bird to control body temperature.
While, birds do compensate for water losses associated with panting by
consuming more water, its retention in the body cells is limited by the
simultaneous loss of electrolytes such as potassium in the urine (Belay et
al.,1992). Heat stress in birds leads to many biochemical and physiological
changes in body such as shift in acld-base balance, hyperthermia, increased
demand of O, and production of Co, , increased production of free radical
and corticosterone (Mebta and Shingari, 1999; and El-Deeb and Abou-
Eimagd, 2001).

In order to overcome the adverse effect of heat stress, a considerable
amount of research has been conducted depending upon nutritional
conditions such as using fat supplementation (Abd EL-Gawad ef al., 1993, El-
Moniary et al., 1994a and EL-Moniary, 19986), critical essential amino acids
(EL-Moniary et al, 1994b), minerals and vitamins (Moreng, 1980), feed
additives and growth promoters (Teeter, 1995), electrolytes (Ghazalah et al.,
1998), nutrient concentration (El-Moniary, 1996 and Abd El-Gawad et al.,
1996) and feeding pelleted diets (Abd EL-Gawad et al, 1993 and 1996).
More recently, betaine addition to the feed or drinking water has also been
shown to be beneficial in heat stressed broilers. Betaine is a naturally
occurring substance found in a wide variety of plant and animal species. It
functions in the bird's metabolism as a methyl group donor for the synthesis
of many important compounds (Kidd et al.,, 1997). Also, betaine acts as an
intestinal osmolyte and affects the movement of water across the duodenal
and ileal epithelium. Thus, dietary belaine supplementation for the chicks
would improve the ability of their intestinal tissue to resist water loss in
hyperosmotic medium (Kettunen ef al., 2001). Currentiy, literature concerning
the effect of supplemental betaine on broiler chicks under heat stress
condition is limited.

The normal functions of tissues are dependent upon the stability of the
total osmoiarity of intracellular and extracellular fluids (Etches et al., 1995).
Osmoregulation is the ability of a cell to maintain its structure and function by
reguiating movement of water in and out of the cell (Kidd et al., 1997). Most
cells (animal and plant) adapt to external osmotic pressure or stress by
altering the intracellular concentration of low molecular weight organic solutes
and inorganic ions (Wunz and Wright, 1993). Animai with high blood
osmolarity use organic compounds to regulate approximately 60-70% of their
intracellular fluid osmolarity. This is because organic osmolytes (especially
betaine) are highly compatible with enzyme function and altering their
intracellular concentration does not upset metabolism (Yancey et al, 1982
and Dragolovich, 1994).

Vitamin C (Ascorbic acid) is another compound that the researches
worked on to alleviate the effect of heat stress. There are numerous
inconsistent and confiicting findings surrounding the effect of Vit.C on broiler
performance under heat stress. Some researchers concluded that Vit.C has a
positive effect (Pardue et al., 1984; Kafri and Cherry, 1984; Njoku, 1986 and
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Al-Homidan, 2000), while others (Stillborn et af,, 1988 and Hussein, 1996)
reported that vit.C had litthe or no beneficial effect on broiler performance of
chicks maintained under heat stress.

Feed enzymes are increasingly seen as "environ mentally responsible”
altenatives to some hormone growth promoters and antibiotics. Sheppy
(2001) reported that using enzymes in poultry feed increase the availability of
starch, proteins and minerals that are enclosed within the fiber-rich cell walls.
The beneficial effects of some enzymes for improving the nutrients availability
and bird's performance are well established by Bedford and Morgan {19986).
They reported that the addition of commercial enzymes preparations (EP)
containing xylanase, B-glucanase and side enzymatic activities improved the
feed efficiency of maize/ soybean meal diets for poultry. Greenwood et al.
(2002) reported that supplementing a corn-soybean meal broiter diets with
enzyme preparation containing a mixture of protease, amylase and xylanase
resulted in improved body weight.

Therefore |, the present experiment was carried out to study the effects of
adding graded levels of betaine either alone or in combination with either
Vit.C or enzymes preparation (EP) on productive performance and carcass
characteristics of broiler chicks ralsed under high ambient temperatures.

MATERIALS AND METHODS

This experiment was carried out at the Poultry Research Farm, Poultry
Production Dept., Fac. of Agriculture, Ain-Shams Univ., Cairo, Egypt, under
hot climates of summer season in Egypt; where the maximum enviranmentat
temperature ranged fram 32-42°C during the experimental period. The
experiment comprised 144 one-day-oid "Hubbard” broiler chicks which were
randomly assigned to 6 different treatments in individual battery cages
{replicates} with 24 birds per treatment each in such a way that the groups
were equalized as to initial weight (41-42g). Feed and water were offered ad-
libitum and artificial light was provided 24 hours daily allover the experimental
period, which lasted for 7 weeks. Chicks of all treatment groups were kept
under similar hygienic and environmental conditions and vaccinated against
common diseases.

The different experimental diels (starter, grower and finisher) were
formulated according to recommended requirements of "Hubbard" strain
used. The birds of control treatment (T,) were fed com-soy diet which was
formulated without supplemental betaine. The birds of treatments (T2) , (T3)
and (T,) were fed diets similar to control diet (T,) except that they were
supplemented with commercial betaine (91%) at inclusion rate of 500, 1000
or 1500 ppm, respectively. However, (Ts) and (T} were fed diets similar to
control diet (T,) and supplemented with 1000 ppm betaine (91%) combined
with either 1 kg / Ton diet of commercial enzymes preparation containing «-
amylase, xylanase and protease or 200 ppm Vitamin C (1Kg 20% /Ton diet).
The experimental diets and their calculated analysis are shown in Tables {1),
(2) and (3).
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Data on body weight, feed intake and calculated feed conversion ratio
were recorded at the end of each period, while performance index (Pl) was
calculated according to North {1981} as follows:

Pl = (Live body weight (kg) / feed conversion) x 100.

At seven weeks of age, all the birds were starved for 12 hours then
individually weighed prior to slaughter. Five birds from each treatment were
taken around the average live weight of the treatment for slaughter test and
values were caiculated as percentage of live body weight. Each bird was wet
plucked, head and legs were removed and the carcass was eviscerated. The
carcass with neck, abdominal fat and breast meat yield were separately
weighed and expressed as percentage of live body weight.

Data were statistically analyzed using the linear mode! (SX, 1992). A
simple one - way classification analysis followed by least significant
difference test (LSD) were used for testing the significance between means.

Table (1): The composition of the experimental starter diets (0 - 18 days

of age).
Treatments
Ingredients 1 - T IR T T S W - 3

ellow corn 570.00 | 569.50 | 560.00 | 568.50 | 568.00 | 568.00
ISoybean meal (44%)  1293.00 4 L - >
Corn gluten meal 80.15 3 - ' —~ >
Soybean Oil 14.80 = L —
Di-Ca.phosphate 20.00 - i s
Limestone 11.00 N ; ~+ —
DL.methionine 1.00 T - - e
C.Lysine HCI 2.50 - r t s
NaCl 413 | + . - —

it. & Min. mix.” 342 | - B L e
Betaine (81%) - 0.50 100" 1 150 | 100 | 700 |
Enzyme preparation - . oy e B o OO -

ftamin C (20%) - . e RN i 100

Total | 1000 1000 | 1000 | 1000 1000 1000

Calculated analysis:
Crude protein % 23.00 | - ; : ¥
ME (k.cal. / kg diel) 3000 u >
Calcium % 1.00 >

v. phosphorous % 0.50 | >

ethionine % 052 | ! ‘ -y
Met. + Cys. % 0.92 | T 5 —
Lysine % 120 | ? -
Na % 0.18 |

L { =
k). L 8
* Vitamin & Mineral mixture supplied per Kg of diet: Vit A, 12000 L.U; Vit Dy, 3100 L.U; \.f!t-f:':-:J
30 myg; Vit K3, 1.65 mg; Vit By, 4.4mg; Vit B;, §.5mg; Vit By, 3.3mg; Vit Bz, 15ug; Niacin,
53 mg; Pantothenic acld, 11 mg; Follc acid, 1 mg; Biotin, 200ug;Betaine{91%) 420 mg;
Copper, 9 mg; todine, 1.img; fron, 88 mg; Manganese, 68 mg; Zinc, 40 mg, Cobalt,
0.2mg and Selenium, 0.3 mg,
* Calculated based on feed compasition Tables of NRC {1994)
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Tahle (2):The composition of the experimental diets grower dlets {19 -

40 days of age) .
Ingredients Treatments
1] 2 3 4 5 | [

Yellow corn 611.00 | 610.50 610.00 609.50 609.00 605.00
Soybean meal {44%) 270.00 >
Com gluten meal 48.00 >
Soybean Qil 29.70 >
Di-Ca.phosphate 18.05 =
Limestone 12.00 >
DL.methicnine 1.60 >
L.Lysine HCI 2.08 -
NaCl 4.15 —
Vit. & Min. mix.” 342 »
Betaine (81%) - 0.50 1.00 1.50 1.00 1.00
Enzymes Preparation - - - - 1.00 -
Vitamin C (20%) - - - - - 1.00

Total 1000 1000 1000 1000 1000 | 1000
Chemical composition:
Crude protein % 20.30 >
ME (k.cal. / kg diet) 3100 *
Calcium % 0.98 i
Av. phosphorous % 0.46 »
Methionine % 0.51 | >
Met. + Cys. % 0.87 = >
Lysing % 1.10 i i +
Na % 0.18 ”

[ [ i
* Vitamin & Mineral mixture supplled per Kg of diet: Vit A, 12000 1.U; Vit Dy, 3100 LU; Vit E,
30 myg; Vit Ky, 1.65 mg; Vit By, 4.4mg; Vit B2, 5.5mg; Vit Bs, 3.3mg; Vit Byy, 15ug; Niacin,
53 mg; Pantothenic acid, 11 mg; Folic acid, 1 mg; Biotin, 200ug;Betaine (91%) 420 mg;
Copper, 9 mg; lodine, 1.1mg; Iron, 88 mg; Manganese, 66 mg; Zinc, 40 mg, Cobalt,
0.2mg and Selenium, 0.3 mg.
“* Calculated based on feed composition Tables of NRC (19%4)

RESULTS AND DISCUSSION

Table (4) shows the productive performance of broiler chicks fed the
different dietary treatments demonstrated as live body weight, body weight
gain, feed consumption, feed conversion ratio, performance index. It
appeared from Table (4) that chicks of all treatmenis had similar growth
performance until the end of the starting period (18 days of age)}, then body
weight of chicks at the end of growing period (40 days of age) increased by
increasing dietary betaine level either alone {T,, Ty and T,) or combined with
either EP (Ts) or Vit.C (Tg). Statistical analysis showed that Ts and Tg
significantly {P<0.05) improved the live body weight over the control (T,),
while the difference between T, , T; and T, and control (T;} were not
significant (P>0.05). Also, no significant differences were detected among
dietary treatments Ty, Ta, Ts, Ts and Tg revealing equal effects for dietary
betaine levels of 500, 1000 and 1500 ppm on live body weight. It seems that
the effect of using betaine, Vit.C and EP started after the end of starting
period. This effect could be a result of enviconmental temperature (30°C and
above) which exceeds the brooding temperature requirement (24°C) during
the growing perod. Consequently Ts, T3, Ta, Ts and T responded positively
{o the diets containing betaine.
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Table (3):The composition of the experimental finisher diets ( 41 days

of age - slaughtering)
Treatments

Ingredients 1 2 IR T I NG e e 6
Yellow corn 612.00 §11.50 611.00 | 610.50 | 610.00 610.00
Soybean meal (44%) 288.00 | — >
Corn gluten meal 10.00 |- — —
Soybean Oil 53.00 . . —s
Di-Ca.phosphate 16.00 — —
L.Lysine HCI 0.15 —t— >
Limestone 12.00 —L — —»
DL.methionine 1.65 I —
NaCl 3.78 —

1 Vit & Min. mix.” 3.42 : —
Betaine (91%) - 0.50 1.60 [ 150 1.00 | 1.00
Enzymes Preparation - - - - 1.00 | -
Vitamin C (20%) - - - |- - 1.00

Total 1000 1000 1000 | 1000 | 1000 1000
— -

Chamical compasitior:

Crude protein % 18.60 | —— —
ME (k.cal. / kg diet) 3200 | fma —
Calcium % 084 | — — —-
Av. phosphorous % 042 | — L
Methionine % 0.47 | - —
Met. + Cys. % 0.80 |- -+ — —
Lysine % 096 | 1 — S
Na % 0.16 | : L L. L—»

Vitamin & Mineral mixture supplied per Kg of diet: Vit A, 12000 L.U; Vit D, 3100 L.U; Vit E,
30 mg; Vit K;, 1.65 mg; Vit By, 4.4mg; Vit B, , 5.5mg; Vit Bs , 3.3mg; Vit By,, 15ug; Niacin,
53 mg; Pantothenic acid, 11 mg; Folic acid, 1 mg; Biotin, 200ug;Betaine{31%) 420 mg;
Copper, 9 mg; lodine, 1.1mg; iron, 88 mg; Manganese, €6 mg; Zinc, 40 mg, Cobalt,
0.2mg and Selenium, 0.3 mg.

** Calculated based on feed composition Tablas of NRC (1984)

It is clear from Table (4) that the dietary treatments did not show any
significant effect on feed consumption and feed conversion ratic at the end
of growing period. These results indicated that the influence of treatments on
body weight is independent from feed intake.

Regarding the resuits of growth performance (Table 4) at the end of
experimental period (49 days of age) revealed that body weight of chicks was
improved in a step-wise trend by increasing the dietary betaine level. The
values of improvement in body weight over the control (T;) were 126g
(6.14%), 1569 (7.60%), 244g (11.89%), 262g (12.76%) and 310g (14.66%)
for T, Ta, Ty, Ts and T, respectively. The analysis of variance indicated that
T4, Ts and Tg showed significant {P<0.05) increase in body weight when
compared to control (T,), while the difference among betaine treatments (T,
Ty, Ta Ts and Tg) were not significant (P>0.05). Also, there were no
significant differences between control (T3} and (T, } or (T; ) that containing
500 or 1000 ppm of added betaine, respectively. These results showed that,
increasing the dietary added betaine level to 500 ppm (T,) or 1000 ppm (T3)
exerted insignificant effect on live body weight. When the dietary betaine level
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was increased from 1000 ppm (T,) to 1500 ppm {T,) the improvement in body
weight become more pronounced (P<0.05).

Table {4): Effect of experimental treatments on performance and
carcass charateratics of broiler chicks.

Treatments
1 2 3 4 5 &
ITEM {Contro | (0.5kg {1 kg {1.5kg {Beta. {Beta. .
i) Beta.) Beta.) Beta.) + + SEM
P} vit.C)
W gg@frdL 41 41 42 42 432 41 Q.87
althe 18 dayofage:
LBW (g/bird) 497 495 497 496 495 507 16.59
BWG (g/ bird) 456 458 455 454 453 466 18.54
F1 {g/bird) 662 | 655 659 657 641 | 652 [|21.28
FCR 1452 | 1.430 1.448 1.447 1415 | 1.388 0.04
at the 407 day of age :
LBW (g/bird) 1656 1742 1732 17650 18147 18417 54.93
BWG {gf bird) 1615° | 1701°% | 1690 [ 1723 | 177% 1800° | 54.71
¥ {g/bind) 3029 3120 3085 3102 3189 3171 79.40
Fé(ig 1.876° | 1.834% | 1.825% | 1.800° | 1.805° | 1.762° | 0.04
at the 49" day of ags ;
LBW (g/bird) 2053° 2176° 2202:; 22977 2315° 23547 67.92
BWG (g/bird) | 2012 21382 | 2167 22555 | 2273 2313° | 67.74
Fl{gfird) 4084° 42470 | 4252™ 4290% 4316% | 4385° 106.11 |
FCR 2.030° | 1.086° | 1.962°° | 1.908% | 1.899° 1.856° | 0.04
Pl 101.13° | 109.72° | 112.55% | 120.51® | 121.91° | 124.168° | 541
Dressing (%) | 77.05° | 77.83° | 77.74° | 78.65 77.88° | 77.84% | 0.72
Braast (%) 15.34° | 16.06= | 16.90° | 17.34° 16.26° | 16.90° | 0.75
AF (%) 2.95° 2.45° 2.32° 2.03° 2.14° 2.29° 0.21
a, b ... means with dlfferent superscript(s)in the same row are signiftcantly different {P <
0.05).

* Standard errorr mean for comparison.
IW = Initial weight, LBW= live body weight, BWG = body weight gain, Fi= Feed intake,
FCR = feed conversion ratio, Pl= Performance Index, AF = abdominal fat

The total values of feed consumption of the experimental treatments
(Table 4} revealed that the lowest feed intake was recorded for the control
group (T}, while T, which fed diets supplemented with 1000 ppm betaine and
200 ppm Vit.C/kg diet recorded the highest (P<0.05) value of feed intake. The
ather treatments (T, T;, Ty, and Ts ) recorded nearly similar values but higher
than that of the control group (T;) . No significant differences (P>0.05) were
appeared among treatments which received diets supplemented with betaine
either alone or combined with either EP or Vit.C (T, Ta, T4, Ts and Tg). The
values of feed conversion ratio at the end of the experiment {Table 4)
exhibited a similar trend as that which was observed for the live body weight.
Increasing the level of supplemental betaine up to 1000 ppm (T, and Ta)
resulted in improvement {P>0.05} in feed conversion ratio as compared with
the control (T,). However, treatments supplemented with 1000 ppm betaine
and EP (Ts) or Vit.C, (Tg) utilized the minimum amount of feed to grow and
recorded the best (P<0.05) feed conversion ratio. Alsc, no significant
differences were detected among the betaine treatments (T, Ts, Ts Ts and
Ts). These resuilts revealed that the best results in regard to the productive
perfarmance of chicks were recorded by using either 1500ppm added betaine
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only or 1000 ppm betaine combined with EP or Vit.C. This observation may
be attributed to the associative dynamic action upon the addition of betaine to
either EP or Vit.C. It appeared from this study, also, that the use of betaine
supplementation diets (T, Ts, Ts, Ts and Tg) for feeding chicks reared under
environmental heat stress conditions increased performance index compared
to control (T,).

These findings are in agreement with those reported by Remus (2002)
who demonstrated the positive impact on bird performance of supplementing
the diat with betaine. The author reported that, when broiler chicks were
subjected to high cycling environmental temperatures, betaine significantly
improved feed conversion by 6.3% at 49 days of age. He concluded that, to
increase the bird's tolerance to high temperatures, betaine can be a useful
tool as part of an overall strategy to minimize the damaging effects of heat
stress by maintaining poultry performance. Also, Teeter et al. (1999) found
that betaine can be used in poultry nutrition to alleviate the growth depression
caused by high ambient temperature. Wang (2000) showed that average
daily gain increased linearly and feed: gain ratio improved linearly with
increasing betaine levels in duck diets (0,500, 1000, 1500 and 2000 ppm).

When environmental temperature is higher than the thermoneutral zone,
birds increase panting up to 10 times, (Nilipour, 2000). This usually leads to
an excessive loss of carbon dioxide, resulting in raised blood plasma
bicarbonate levels and increased blood pH (Linsley and Burger, 1964). The
bird attempts to correct blood pH by excreting bicarbonates via the urine.
Bicarbonates are negatively charged ions that must be coupled with positively
charged ions, such as potassium, to be excreted in urine. However, as
potassium is important in maintaining intracellular water balance, a loss of
potassium ions via the urine reduces the birds ability to maintain this water
balance. The bird employs ion pumps (ionic homeostasis) as compensatory
mechanism to control movement of water into and out of the cell, but their
use has a high energy cost, with more energy diverted from growth and
production to be used for maintenance purposes (Remus 2002). Betaine acts
as an osmolyte, helping maintain the bird's cellular water balance to protect
cells and tissues from dehydration and osmotic inactivation by facilitating
water retention in the body and also help to maintain both the bird's energy
balance and feed intake. The osmolyte function of betaine reduces the body
cell's reliance on energy — costly ion pumps for maintaining their water
balance. The bird's maintenance energy requirement is then reduced, despite
osmotic stress, and more energy is available for growth and production
(Remus, 2002). Kettunen et al. (2001) studied the role of betaine in the
osmoregulation of broiler chick intestinal tissue. They found that the presence
of betaine in the hyperosmotic incubation medium in vitro would reduce the
water loss from the intestinal tissue, Teeter et al. (1999) reported that dietary
betaine supplementation has shown positive zffects on the water balance of
breiler chicks stressed by high ambient temperature. Recently, Zulkifli et af,
(2004) showed that betaine applied in feed or drinking water improved feed
efficiency by 3.5% in birds exposed to temperatures up to 35°C. However, the
possible influence of betaine on osmotic regulation (ucid / base balance), and
thereby on the energy metabolism of chicks, requires further research.

3592



J. Agric. Sci. Mansoura Univ., 30 (7}, July, 2005

It Is interested to note that the improvement of feed utilization as a result
of adding enzyme preparation reflected on improved feed conversion ratio
comparing with control. The results of Zanella ef al. (1999) confirmed such
finding. They concluded that supplementation of the diets with EP containing
amylase, protease and xylanase improved broiler performance. The
improvement in body weight and feed conversion ratio obtained upon feeding
the EP may be attributed to the presence of amylase and noen-starch
polysaccharides degrading enzymes in EP rather than protease that making
the nutrients more available to the bird and improve chick growth
perfarmance. Therefore, supplementation of poultry feeds with enzymes in
order to increase the efficiency of digestion can be seen as an extension of
animal's own digestive process (Sheppy, 2001). This improvement in
digestibility, in turn, would improve the energy efficiency of digestion, ieaving
more energy available for growth. Lyons and Jacques (1987} and El-Gendi et
al.(2000) suggested, also, that effectiveness of enzyme supplementation to
the basal diet may by attributed to its effect in increasing the dietary energy
bioavailability.

On the other hand, Njoku (1986) observed an improvement in growth
performance of broiler chicks reared in the tropical environment, when their
diet was supplemented with 200 ppm Vit.C/kg diet. Also, Pardue et al. (1984),
Kafri and Cherry {1984), Mebta and Sbingari (1999) and Al-Homidan (2000)
found that the inclusions of Vit.C either in the diet or drinking water has
beneficial effects on the performance of broiler exposed to heat stress. The
present results showed similar effects, when Vit.C was supplemented at level
of 200ppm /kg diet. The improvement in growth performance by adding Vit.C
may be attributed either to the partial correction in acig-base balance (Mebta
and Shingari, 1999} or to the increase in water intake, which act as a heat
sink (Abd-El Samee, 1998).

The effect of different treatments on carcass characteristics (as
percentages of live body weight) is shown in Table (4). The results obtained
do not show significant effect for the betaine dietary treatments (T, T3, Ta, Ts.
and Ts) on dressing and breast percentages except the chicks fed diets
supplemented with 1500 ppm betaine (T,) which recorded the highest values
(P<0.05) of dressing percentage and breas! meat percentage as compared
with control (T;). However, resuits indicated that abdominal fat percentage
gradually declined significantly {P<0.05) as dietary betaine increased. It must
be mentioned that the control (T} recorded higher vaiue of relative weight of
abdominal fat than the other treatments (T2, T3, T4, Ts and Tg). These resuits
are in agreement with those of Remus (2001) who observed 2% or 3%
average improvement in breast meat vietd in broilers or turkey, respectively
fed diets supplemented with betaine during heat stress. The auther reported
that the effects of beiaine supplementation include better absorption of
protein, lysine and methionine in stressed birds as well as the formation of
methionine from amino acid homocystine in the liver. Plasma homocystine
level decreases in birds fed an adequate diet supplemented with betaine; this
would be expected if betaine is being used as a methyl group source by the
liver to convert homocysteine into methionine. Thus, betaine may affect the
blood amino acid profile through its osmolyte activity in helping alleviate
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dehydrating stresses in the intestine as well as through its methyl donor role.
Specifically, low levels of betaine can be detected in the muscle when broilers
have been supplemented at a level of 1000 ppm which associated with breast
yield improvement. This suggests that part of the yield response may by
relate to the muscle itself. Given the known effect osmolytes on improving
growth functions of the cell, it is possible that a portion of yield effect may be
related to a more growth related mode in the muscle cell. Also, Wang (2000)
studied the effect of betaine on growth and carcass characteristics of meat
ducks. He found that betaine supplementation (500 -2000 ppm) significantly
increased average daily gain and the feed: gain ratio improved linearly with
increasing betaine levels. Analysis of carcass traits indicated that betaine
could increase the percentage of breast muscle (P<0.05) and decrease the
percentage of abdominal fat (P<0.05) compared with the control treatment. It
is concluded that betaine could stimulate beta-oxidation of long chain fatty
acids in the inner mitochondria membrane of muscle cells. Ryu et al, (2002)
reported that betaine functions as an osmoregulator in cells, and its inclusion
in the diet can reduce carcass fat of chicks.

The total cost of feed consumption and the total income as well as
economic efficiency values of the product for different experimental
treatments are shown in Table (5).

Table (5): Effect of experimental treatments on the economic efficiency
_{EE) of meat production.

Treatments
1 2 3 4 5 6
ITEMS {Control)|(0.5 kgl (1kg ( (1.5kg | (Beta. | (Beta.
Beta.)| Beta.) | Beta.) + +
EP) | Vit.C)
Average feed intake (g/bird):
Starter 662 655 659 657 641 652
Grower 2367 | 2465 | 2426 2445 2558 2519
Finisher 1055 1127 | 1167 1197 1117 1214
[Feed price {L.E/kg):
tarter 1450 [1.463] 1478 | 1.492 | 1.516 | 1.500
Grower 1416 [1.430| 1.454 1.460 1.484 1.469
Finisher 1.400 |1.415] 1.429 | 1.444 1.468 | 1.451
Feed cost/ bird (L.E)
tarter 0.960 10.958| 0.974 | 0.980 | 0.972 | 0.978
Grower 3352 |3525( 3506 | 3.570 | 3.796 | 3.695
Finisher 1477 |1.585| 1.668 | 1.728 1.640 | 1.782
otal feed cost/bird 5789 |6.078| 6.148 | 8.278 | 6.408 | 6.435
[LBW (g/chick) 2053 | 2179 | 2209 2297 2315 2354
Feed cost (L.E) /kg LBW 2.820 |2.789| 2.783 | 2.733 | 2.768 | 2.734
Total cost (L.E)/bird 6.789 |7.078| 7.148 7.278 7.408 7.435
Total income (LE)/chick | 12.318 [13.074] 13.254 | 13.782 | 13.890 | 14.124
Net revenue LE/chick 5529 |5.996| 6.106 | 6.504 | 6.482 | 6.689
EE 0.814 10.847| 0.854 | N894 | 0.875 | 0.900
Relative EE 100 |104.1| 104.9 109.8 | 10749 | 1106
* Total cost {L.E)/ bird = Total feed cost (L.E) /bird + 1 L.E (chick price)

** Price of one Kg live body weight of broiler chicks = 6 L.E.
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" The economic efficiency values were calculated according to the
prevailing markst prices for feed ingredients as well as the price of one
kilogram live body weight at the end of experimental period which was 6 L.E.
The results showed that, there are considerable saving in feed costkg live
body weight when used betaine either along or combined with either EP or
Vit.C in broiler diets. The data showed that betaine supplementation lowered
the feed cost needed to obtain 1kg live body weight; the highest feed costikg
live body weight was for control treatment (2.82 L.E), The net revenue was
also increased by using betaine treatments (T;, Ti, Ts, T; and Tg). The
percentage of economic efficiency relative to the total cost { totat feed cost +
1 L.E as chick price) was improved when betaine was added to broilers feed
and the best results were recorded with T, which consumed diets containing
1500 ppm added betaine and Tg which fed diets supplemented with 1000ppm
betaine and 200ppm Vit.C. Thus, the economic evaluation provided further
evidence for the benefits of using betaine as an attempt o alleviate the
influences of heat stress on broiler chicks.

it can be concluded from this study, that the use of betaine
supplemented diets {graded levels either alone or in combination with either
EP or Vit.C) may be considered as a suitable mean to overcome the
depressing effect of heat stress. The dietary betaine level of 1500 ppm or
1000ppm combined with either 1kg of EP/ Ton feed or 200 ppm Vit.C would
be preferable for chicks kept at hot conditions, with respect to growth
performance and economic efficiency.

REFERENCES

Abd El-Gawad, AH.; M.M.El-Moniary and H.M.Ali (1993}, The influence of
feed form and dietary fat on broiler chicks performance under high
environmental temperature. J. Agric. Sci.,, Mansoura Univ., 18 (10}):
2914,

Abd El-Gawad, A.H.; M.M. El-Moniary and M.M.Ali {1896).Effect of feeding
pelleted diet versus high nutrient density mash diet on the performance
of brailer chicks under heat stress environmental conditions. J.Agric.
Sci., Mansoura Univ,, 21(3):; 929.

Abd EL-Samee, M.O. (1998). Nutritional studies on broilers performance
under hot environmental coaditions. Ph.0. Thesis Fac. of Agric., Cairo
Univ.

AlL-Homidan, A.A. (200Q). Effect of Vitamin C addition in Water for broilers
raised under two different ambient temperatures on growth
performance and water consumption. Egypt. Poult. Sci. (20) II: 327 -
346.

Bedford, M.R. and Morgan, A.J. {1298). The use of enzymes in poultry diets.
World® Paultry Science Journal, 52: 61-68.

Belay, T., C. J, Wiernusz and R.G. Teetar {1992}. Minerai balance and
urinary and fecal mineral excretion profile of broilers housed in
thermoneutral and heat - distressed environments. Poultry Science
71, 1043 — 1047.

Dragalovich, J. {(1994). Dealing with salt stress in animal ceils: the role and
regulation of glycine betaine concentrations. Joumal of Experimentat
Zooiogy 168: 138 ~ 144. (C. F. Kidd ef al., 1997},

3595



Abd El-Gawad, A.H. etal.’

EL-Deeb, M. and A. Abou Elmagd (2001). Effect of cyclic heat stress on
voluntary water consumption, efficiency of feed utilization and thyroid
activity of broiler chicks. Egypt. Poult. Sci., (21):811 - 831.

El-Gendi, G.M.; AF.Soliman and A.G. Habib (2000). Evaluation four feed
additives for improving productive and metabolic performance of broiler
chicks. Egypt.Poult. Sci.,Vol. 20 (1): 103-122.

EL-Moniary, M.M.A. (1991). Studies on broiler feeding in the subtropics. Ph.
D. Thesis, Ain Shams University, Fac. of Agric, Egypt.

El-Moniary. M.M. (1996). The effect of dietary nutrient concentration and fat
level on the performance of broiler chicks at high environmental
temperature J.Agric ‘Sci., Mansoura Univ. 21(3). 917.

El-Moniary, M.M.; AH. Abd Ei-Gawad; H. M. Ali; Y.A.F. Hammouda and
Manal M.A. Zaki EI-Din (1994a). The use of fat in broiler chicks rations
under heat stress conditions. J.Agric. Sci., Mansoura Univ., 19 (1): 59.

El-Moniary, M.M.; A.H. Abd El-Gawad, M. Larbier and H.M. Ali (1994b). The
effect of dietary lysine level and environmental temperature on broiler
performance. J.Agric. Sci., Mansoura Univ. 19(1):71.

El-Moniary, M.M.; M.Larbier, A.H.Abd El-Gawad; H.S.Soliman, H.M.Ali and
H.A. El-Alily (1993). The influence of dietary energy density and
different environmental temperature on: 1) Broiler performance.
J.Agric. Sci., Mansoura Univ., 18(10): 2921.

Etches, R. J., TM. John and A. M. Verrinder Gibbins (1995). Behavioral,
Physiological, Neuroendocrine and responses to heat stress. In
"Poultry production in hot climates" Ed. Daghir, N.J., CAB International,
Wallingford, Oxon Ox 10 8 DE, UK.

Ghazalah, A. A.; M.R. EL-Abbady, A.Z. M. Soliman and M.O. Abd-Elsamee
(1998). Using sodium bicarbonate and ammonium chioride in broiler
chicks diets to afleviate heat stress in Egypt. Egyptian J. Anim. Prod.
35, Suppl. Issue, Dec.: 199-207.

Greenwood, M.W.; Fritts, C.A. and P.W. Waldroup, (2002). Utilization of
Avizyme 1502 in corn-soybean meal diets with and without antibiotics.
Poultry Sci., 81 (Suppl.1) : 25. (Abstr.).

Hussein, A. S. (1996). Effect of dietary energy and vitamin C on growth
performance of broiler chicks raised in ho: climates. Emirates Journal
of Agriculture Science, 8:49-62. (C.F. AL-Homidan, 2000).

Kafri, I. and J. A. Cherry (1984). Supplementai ascorbic acid and heat stress
in broiler chicks. Poultry Science, 63 (Suppl. 1): 125-126.

Kettunen, H.; S. Peuranen; K. Tiihonen (2001). Betaine aids in the
osmoregulation of duodenal epithelium of broiler chicks, and affects the
movement of water across the intestinal epithelium in vitro.
Comparative Biochemistry and physiology A. 128, 595 — 603.

Kidd, M.T., P.R. Ferket and J.D. Garlich (1997). Nutritionali and
osmoregulatory functions of betaine. World’s Poult. Sci. J., 53: 125-
139.

Linsley, J. G. and R.E. Burger (1964). Respiratory and Cardiovascular
responses in the hyperthermic domestic cock. Poultry Science 43:291.

Lyons, T.P. and K. Jacques (1987). Biological tools improve poultry
performance. Pouitry Misset, 3 (4). (C.F. El-Gendi et at., 2000).

3596



J. Agric. Sci. Mansoura Univ., 30 (7), July, 2005

May, J. D.; B. D. Lott and J.D. Simmons (1998). The effect of enviconmental
temperature and body weight on growth rate and feeding of male
broilers. Poultry Science, 77. 484 - 501.

Mebta, RK. and B.K. Sbingari (1999). Feeding in heat stress poultry.
international, 38:68 — 77. {C. F. AL — Homidan, 2000).

Moreng, R.E. {1980). Temperature and vitamin C requirement of the
domastic fowl. Poultry Science, 52:782-785.

Nilipour, AH. {2000). Modern broilers require optimum ventilation. World
poultry 16 (11), 30 - 31 (C. F. Remus, 2002).

Njoku, P.C. (1988). Effect of dietary ascorbic acid (Vitamin C)
Supplementation on the performance of broiler chicks in a tropical
environment. Animal Feed Science Technology, 16:17-27.

North, M.O.{1881). Commercial chicken production Manual. 3rd Edition, Avi,,
publishing company, Inc., Westport Connecticut, USA.

NRC (1994). National Research Council, Nutrient Requirements of Poultry,
9th. ed., Revised Edition, National Academy Press, Washington, D.C.

Pardue, S.L., J. P. Thaxion and J. Brake (1884). Influence of
supplementation of ascorbic acid on broiler performance following
exposure to high environmental temperature. Poultry Science 63 :
1334.

Remus, J. (2001). Betaine for increased breast meat yield. International
Poultry Production, 9:2, 22-23.

Remus, J. (2002). Betaine may minimize effects of heat stress in broilers.
Feedstuffs, 74, 11 - 13.

Ryu-MS.; Cho-KH; Shin-WJ and Ryu-KS (2002). Influence of dietary
supplemental betaine on performance and egg quality of laying hens
during the heat stress. Korean-Journal of Poultry Science. 2002, 29:2,
117 — 123. CAB, Abstracts 2002/8-2003/10

Sheppy, C. {(2001).The current feed enzyme market and likely trends.
in:"Enzymes in farm animal nutrition”. Bedford, M.R and Partrige, G.G.,
CABI, Walling Ford, pp. 4-10.

Stillborn, H. L.; G.C. Harris, Jr. W. G. Botlje and P.W. Waldroup {1988).
Ascorbic acid and acetylsalicylic (aspirin} in the diet of broilers
maintained under heat stress conditions. Poultry Scince, 67:1183 —
1187.

SX “Statistix™ (1992). Statistix version 4 user's manual, NH analytical
software, St. Paut, MN.

Teeter, R.G. (1995). Optimizing production of heat stressed broilers.
Proceeding of the International Conference on Animal Production in
Hot Climates. Muscat. Sultanate of Oman, 8-10 January, 1995: 129-
137. (C.F. AL — Homidan, 2000).

Teeter, R.G.; J. C. Remus; T. Belay; M. Mooney; E. Vitanen and P.
Augustine (1999). The effects of betaine on water balance and
performance in broilers reared under differing erivironmental
conditions. Prog. Aust. Poull. Sci. Sym. Aust. P. 165 (Abstract) .(C.F.
Remus, 2001).

Wang . YZ (2000). Effect of betaine on growth performance and carcass traits
of meat ducks. Jounal of Zhejiang university, Agriculture and life
science. 2000, 26: 4, 347 — 352; 12. CAB. Abstracts 2000/8 - 2002/7.

asor



Abd Ei-Gawad, A.H. et al.

Wunz , T. M. and S. H. Wright (1993). Betaine transport in rabbit and renal
brush-border membrane vesicles. Biochimica et Biophysica Acta 1062;
123 - 132. (C. F. Kidd et al., 1997).

Yalcin, S.; P. Settar; S. Ozkan and A. Chaner (1997). Comparative evaluation
of three commercial broiler stocks in hot versus temperate climates.
Poultry Science, 76 : 921 - 929.

Yancey, P. H.; M.E. Clark; S.C. Hand; R.D Bowlus and G.N. Somero {1982).
Living with water stress: evolution of osmolyte systems. Science, 217:
1214 - 1222. (C. F. Kidd et al., 1997).

Zanella, |.; N.K. Sakomura; F.G. Silversides; A. Fiqueirdo, and M. Pack,
(1999). Effect of enzyme supplementation of broiler diets based on
corn and soybeans. Poultry Science, 78: 561-568.

Zulkifli, I.; S.A. Mysahra and L.Z. Jin {2004). Dietary supplementation of
betaine (Betafin) and response to high temperature stress in male
broiler chickens. Asian-Aust. J. Anim. Sci., 2004 Vol. 17, No. 2: 244 -
249.

pall zlad o (sl Al Sga) @ Bl Cidasl G0l ) ol Al
'@Mmam;ﬂs-‘qﬂubmm—‘alm.wwjﬁ
caa B AN A o Gganll gl Sl — () el gUNT aud -
o AR el (e Analy — Ao 3N S - ol A Gl - Y

O bgliie 4l Gilias gl Saay L) Guiliadl e Al Oy gine pladiud 80 Lt 0l 4 jas <y ol
iy il a3 Bl jall pall CuSUSE Aagdll Cllinsy ALY el o cpalial o 25 il 33
Vo a5 caaly gy see (3a) SHKES 1 EE ikl L jeas (B Cipal) Jead 3 el G g0
(V) Ao i) Ao pane B3RS 5 (Alatae IS5 1S YE) Gajh il )il Y8 Lhe JS e pare
s ganall Lol il ol (e (5 4a3 Yy "o ) AL 4 Claliall i GBle Lo
O g Aeja 10us Veve (00 DLl day U A 30l el o Sude 28 €T (Y
Ot Gtlall (b e 5 Ve Lgl) Blias TR 30le o () o) 4o panall L35 5 L ol
O O g il g 5oy S e 58 Tie ol [ a3 daglia paS Y+ ol
=S Y ol e ) e Ve L) Bl LA 33 e A5 il de gead
Aide o [ %Yo gz (paid

i e Sy egalall 3 Al A RS Gl gaaddl 2l V) G a0 0D Ciaa
e 10+ (M il i Saby 5y Gginn psali ¢y et (ol 38 Agd) anll (B gl
b i e yana 0 @ O3l iy 3 o glia gl Ul alad) B e sa Ve e S o pldd
Loadll 5 A ) LAl COlbaddly D et debeay (30 SEYY Jaee G o e
V00 ) Oulull e Ladipall Ll (g 5iad 30 o Sl Cile gadl o G Ciaa ) (Lo £9)
i el Jama (el Cilin 8 2 Galid o) Silay S ae i) e daslia o (Oaladl s e
.,-éa'l...aﬂﬂ.c.ulr.'l_,

l:)_l:'n.ac_-J‘GJ)_iiaiJ_,aaqjﬁLha)L}g@1eiﬁlﬂ1cﬁqﬁlhﬂ1oh@m@éﬁe
6 Foaa 383 o Juimiyg g o ol slgad) 3 jlal) i 200 il ANad A oS (7 el o) ey Y
Ll g Ol (e 3n V0 v s Jamay ey b 0l (3o V00 Joma aday L i) i)
e o [ %Y+ 35 g ol paS) f Aide oh [ a3l eaS )

3598



