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ABSTRACT

An experiment was conducted to study the performance, some physiological
and immunological responses to heat stress in broiler chickens fed on diets containing
1% betaine andfor 0.5% sodium bicarbonate. A total number of 180 broiler chickens at
one-day of age were used. Birds were divided to 4 equal groups that were randomly
allotted to one of the following four treatments 1) basel diet supplemented with 0.5%
sodium bicarbonale, 2} basel diet supplemented with 0.5% sodium bicarbonate and
1% betaine, 3) basel diet supplemented with 1% betaine, and 4) base! diet without
any supplements served as control. The birds were subjected to high ambient
temperature (40°C+1°C) for 6 hrs per day from the 25" day up to the end of the
experimental pericd (49 days of age).

The results could be summarized as follows:

«Significant {P<0.01) increases in final body weight and total body weight gain
were detected in the birds fed diet supplemented with 1% betaine compared with
the control group.

s A significant (P<0.001} improvement I feed conversion was observed in the birds
fed diet supplemented witih 0.5% sodium bicarbcnate compared with the control
group.

*A  significant decrease [F<0.01) in water consumption was observed in the
experimental group fed diel supplemented with 1% betaine compared with the
control aroup.

sSignificant decreasas (P<0.01) in rectal temperature and hlood pH were detected
for birds fed diet supplemented with 0.5% sodium bicarbonate and 1% betaine
and the birds fed diet supplemented with 1% betaine compared with the control
group.

«Significant increase (P<0.01 and P<0.05} in bursa of fabricius and adrenal gland
weight index was observed in all experimental groups fed supplemental diets
compared with the control group.

sSignificant increases (P<0.0C1 and P<0.05) in antibody titer and T4, T3 levels
were observed in the group of birds fed diet supplemented with 0.5% sedium
bicarbonate and 1% betaine compared with the control group.

«Significant decreases (P<0.05 and P<0.001) in H/L ratio, cholesterol, AST, ALT,
total protein, albumin and globulin levels were observed in the experimental
groups fed diets supplemented with 0.5% sodium bicarbonate and 1% betaine
and the diet supplemented with 1% betaine compared with the contral group.

INTRODUCTION
High environmental temperature is always probiem. It has been
considered as one of the most important factors affecting poultry production.
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Therefore, heat stress became a major concern of broiler industry
because of the resulting decreased growth, increased mortality, and poor
body weight performance (Eberhart and Washburn, 1993 and Berrong and
Washburn, 1998). This reduction of efficiency was partly explained by
decreased metabolic utilization of nutrients, increased heat production,
reduced protein retention and enhanced lipid deposition (Ain Baziz et al.,
1996 and Geraert ef al., 1996).

Prolonged periods of elevated temperature increased morbidity and
mortality of broiler chickens especially after the age of 4 weeks (Deaton et al.,
1978 and McDougald and Mcquistion, 1980).

Mortality due to heat stress is a problem in broiler. Economic losses
attributable to heat prostration are especially large because they usually
occur shortly before the broilers are marketable (Zhou et al., 1997).

Heat stress caused many biochemical and physiclogical changes
such as: shift in acid-base balance, hyperthermia, increased demand of O,
and production of Co,, increased production of free radical and corticosterone
(Mebta and Shingari, 1999). Changes in acid-base status could affect water
and mineral balance and metabolism of protein, fat and carbohydrate (May et

1986 ; Hood et al, 1990 and Takagi and Block, 1991). Blood alkalosis
reduces both feed consumption and growth rate of chicks and increases feed
cost of the gain (Jovanovic et al, 1895).

Diets have been altered to reduced these problems via reducing the
heat increment of the diet with fat supplementation (Daghir, 1988) or
improving the amino acid balance (Hus-Jennchung et al, 1998) or
extravitamin and / or trace minerals premix supplementation (Deyhim and
Teeter, 1991).

Numerous compounds have been added to broiler feed and water in
attempts to help alleviate the adverse effects of heat stress. Many
compounds have been directed at correcting the acid-base imbalances of the
bleod, primarily toward counteracting the pH rise of respiratory atkalosis
(Whiting et al., 1991).

Some compounds, such as the sodium bicarbonate, ascorbic acid
(Mebta and Shingari, 1999), NH,CI, betaine (Trimethylglycine) and KCL have
been used in attempts to reduce the deleterious effects of heat stress.

A number of studies have reported beneficial responses to sodium
bicarbonate (NaHCo3) added to the diet or to drinking water (Teeter et al.,
1985 ; Branton et al, 1986 ; Gorman and Balnave, 1994 and Hayat et al.,
1999). Balnave and OQliva (1991), working with finishing broilers at high
temperatures (30°C), found that diets supplemented with 16.8 g NaHCo; /kg
or drinking water supplemented with 5.6 g NaHCoa /L produced a significant
improvement in bird production response.

Moreover, Gorman (1992) evaluated the performance of finishing
broilers (3-8 weeks of age) at high temperature (32°C). He found that dietary
supplementation with sodium bicarbonate stimulated water and feed inlakes
and improved weight gain.

Ghazalah et al. (1998} found that the addition of either 1% NaHCo,
or 2% of a mixture of NaHCo4 and NH,CI (50:50) to broiler chick diets gave
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the highest performance and economic efficiency of production compared to
the control diet. While, Latshaw and Turner, 1991 ; Grizzle et a/., 1992 and
Reoberts ef al., 1995 found no significant effect.

Other studies used betaine to counter the negative effect of heat
stress in poultry. Betaine is tertiary amine formed by the oxidation of choline
{Kidd et al, 1997). It is present in most living organisms and is concentrated
in some plants like sugar beet, from which it can be extracted (Virtanen,
1995). Betaine has an osmoprotective effect by accumulating in cells and cell
organelles exposed to osmolic and ionic stress, replacing inorganic ions and
protecting enzymes and cell membranes from ionic inactivation (Rudolph et
al., 1986 ; Petronini et al., 1992 and Ko et al., 1994).

The use and evaluation of betaine (Trimethylglycine) as a feed
additive for animals has increased in last years. It has been used for pigs
{Smith et al, 1994 : Matthews ef al., 1995), chicks {Saunderson and
Mackinlay, 1990 ; Virtanen e! af, 1996 ; Remus and Virtanen, 1996 and
Zimmermann et al., 1996), and salmon {Virtanen et al., 1989). Some studies
indicated that feed efficiency was more improved by betaine than by choline
{Abel et al, 1985; and Schutte et al, 1997). In poultry, the methylation
properties of betaine may also be important during lipid metabolism by
reducing and redistributing carcass fat (Saunderson and Mackinlay, 1990).
Supplemented betaine may be advantageous during certain physiologically
-" slenging conditions, including the high metabolic demand of rapid growth,
.zease and osmotic stress in different cell types, because betaine is a labile
donor of methyl groups (Kidd ef al., 1997).

The objective of this study was to determine the possibility of using
dietary betaine (Trimethylglycine) and sodium bicarbonate {NaHCo;) to
improve broiler performance, physiological and immunclogical responses
during exposure to a high ambient temperature,

MATERIALS AND METHODS
Birds and dists;

The present study was carried out using 180 one-day old unsexed
commercial Hubbard broiter chicks. The chicks were randomly divided into
twelve groups of 15 birds. Groups of chicks were allocated to four diet
treatments with three replicates for each treatment. The chicks were floor
reared on a deep litter system (10 birds/m?), provided with clean feeders and
waterers, and kept under standard hygienic management conditions, and
feed and water were offered ad libitum.

The birds were fed on a commercial starter and finisher rations to
supply the required levels of protein and energy as recommended by NRC
(1994), the ingredient percentage and calculated chemical composition of
each diet (A.O.A.C., 1980) are presented in Table 1.

The experimental treatments were the addition of 0.5% sodium
bicarbonate (NaHCo,); the addition of 0.5% sodium bicarbonate plus 1.0%
betaine (Trimethylglycine) ; the addition 1.0% betaine (Trimethylglycine), and
the control was the basal diet without any supplements (control).
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Table (1}: Physical and chemical composition of the basal diets.

Ingredients Percentage
Starter (1-28 days) Finisher (28-49 days)

Physical compaosition:
Yellow corn 63 72
Soybean meal 44% CP 27 18
Broiler protein conc. 10 10

Calculated analysis:
ME (kcal’kg) 2980 3091
Crude protein % 22.6 19.2
Crude fiber % 3.5 3.0
Ether extract % 3.3 35
Calcium % 0.88 0.87
Total phosphorus % 0.66 0.65
Methionine % 0.48 0.44
Lysine % 1.19 0.97
Methionine + cystine % 0.65 0.62

*broiler protein concentrate mixture: composed of meat meal, fish meal, sodium chloride,
dicalcium phosphate, DL methionine, Limestone, vitamin and mineral premix, and
antioxidant. It contains 52% CP, 2200 kcal ME/kg, 6.9% ether extract, 2% CF, 8% Ca, 3.3 %
av. P. ; 2% methionine, 3% lysine and 2.4% methionine + cystine.

**calculated analysis was based on the analysis tables of poultry NRC (1994).

At 25" day of age, birds were exposed tc extra heat sources to raise
the ambient temperature up to 40°C+1°C for 6 hr per day (from 10 a.m. to 16
p.m.) until the end of the experimental period (49 day of age).

The tested parameters:
Growth performance:
The body weight and feed consumption were weekly recorced, the
feed efficiency and body weight gain were calculated for the different groups.
Bird's thermoregulation measurements such as water consumgtiori
(per 6 h) and rectal temperature were recorded during exposing birds to heat
stress.

The immune response:

The immune response was evaluated by measuring humoral
immunity through haemagglutination inhibition (HI} test against Newcastle
disease (Majiabe and Hitchner, 1977) at 21™ day and 35" day of age. At the
end of experiment, cellular immunity was tested through differential leucocytic
count to determine heterophil / lymphocyte (H/L) ratio (Schalm et al., 1973).
Also, spleen and bursa of fabricius weight, as they considered the immune
responsible organs, also thyroid gland, adrenal gland, and liver weight were
measured.

Lymphoid organs and other internal organs weight index: were
calculated for bursa, spleen, liver, thyroid and adrenal gland according to
Montgomery et al. (1985) as follows:
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Organ weight
x 10000

Body weight
Blood biochemistry:

At the end of the experiment (7 weeks of age), 8 birds of each
treatment were slaughtered to obtained two blood samples one for the
quantitative  determination of aspartate transaminase, (AST) and alanine
transaminases, {ALT) (Reitman and Frankel, 1957), total serum protein, (TP)
(Doumas, 1975), serum albumin (Doumas et al., 1971}, serum uric acid {UA)
(Caraway, 1963), total serum cholesterol (Watson, 1960), serum thyroxine,
(T4) and serum triiodothyronine, (T3) (Passing and Bablok, 1983), whereas
the other blood sample was collected for pH determination and HCT%.
Haematocrit percentage (HCT %} measured by caulter counter model CBC
5PN 4235629, Hialeah, Florida, USA.

Statistical analysis:

The obtained data were statistically analyzed using ANOVA-test
(SPSS, 1986). Differences between means were judged according to
Duncan's multiple range test (1955).

RESULTS AND DISCUSSION
Growth performance:

Effects of treatments on final body weight, body weight gain, feed
consumption, feed conversion and water consumpticn of heat-stressed
chicks are presented in Table 2. The results show that there are significant
differences in final body wsight and body weight gain between the treated
groups of chicks and the control group. The birds fed on a diet supplemented
with 0.5% sodium bicarbonzte (NaHCos) plus 1.0% betaine under heat stress
ware significantly higher (P<0.01}in final body weight and body weight gain
than those fed cn the basel diet {control group). A similar trend was observed
for total feed consumption where the highest value was recorded with 0.5%
NaHCo; plus1% belc™ - gioup. Concerning the feed conversion, it could be
noticed that NaHCoz; groups gave the best results followed by betaine
groups. Birds fed with a combination of NaHCo; and betaine gave less
results but were better than the control birds. This means that both NaHCos
and betaine play a role in food metabolism and increase the food utilization
when used alone, Haydon and West (1980) suggested that the improvement
resultsed form CaCos; or NaHCo; supplementation to heat stressed animals,
was probably due to increased blood buffering capacity. The results obtained
for adding NaHCo; are in agreement with results outlined by Hooge (2000)
who stated that the use of NaHCos; improved the performance of broiler
chickens during heat stress as Na replenish some of the Na lost in urine, and
bicarbonate is carbon dioxide generating buffers that restores some of the
Co, (lost while panting} and after cool down broilers may develop metabolic
acidosis in tissues and bicarbonate serves to buffer this post stress effect.
Also, Gorman (1992) found that dietary supplementation with sodium
bicarbonate stimulated water and feed intake and improved weight gain,
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Regarding the effect of betaine, similar results were obtained by Abel
et al. (1985) and Schutte ef al. (1997), who reported that feed efficiency was
more improved by betaine than choline, Also, Kidd ef al. (1997) reported that
supplemental betaine may be advantageous during certain physiclogically
challenging conditions, including the high metabolic demand of rapid growth,
disease and osmotic stress in different cell types, because betaine is a labile
donor of methyl groups.

As shown in Table 2, water consumption decreased significantly
(P<0.01) during heat exposure when birds were fed on diet supplemented
with betaine compared to other treatments. This result indicates that betaine
is an osmolyte, which helps the bird retain water more efficiently ; retaining
water allows more energy for growth. Moreover, Bagnasco ef al (1989)
reporied that betaine accumulation in the renal medulla cells allows the cells
12 tolerate osmotic stress.

Table (2): MeantSE of growth performance and water consumption of
broiler chickens subjected to high ambient temperature in

the different experimental diet groups.
Treatments NaHCo; +

Traits NaHCo, betaine Betaine Control Sig.
Initial body weight(g)at7d| 102.80+1.01 105.36+1.68 10567+1.12 101.88+1.42 | NS
of age
F:nal body weight (g} at 49 d| 1602.48:13.39™ [1624.16+25.72%| 1560.11£19.19° | 15341822034 | ™
of age

Body weight gain (g)

Total feed consumed (g)
Average feed conversion
Water consumption ml/bird/6

1499.68+12.79"

3579.52+20.66°
2.39+0.021°
261.9046.58"

1518.80+24.16"

3950.80+27.27*
2.6210.046"
258,08+2 98"

1454.44+18.28"

1637.14£11.73°
2.5110.033°
232.37+5.99°

1432.32+19.32°
3900.57+25.95°
2.74+0.049"
259.52+8.74"

hr
a,band c:

means in the row with different superscripts vary significantly compared to
control.

** P<0.01 *** P<0.001 NS not significant

Results presented in Table (3) indicate that adding sodium
bicarbonate afone or combined with betaine to the diets decreased recial
temperature of heat-stressed chicks compared with the control; less decrease
in rectal temperature was obtained by adding betaine alone. These results
are in agreement with those obtained by Smith and Teeter (1989); Balnave
and Gorman (1993) ; Ahmed and Maghraby (1995) and Soutyrine ef al.
(1998), who found that adding NaHCo, to broiler diet or drinking water
reduced body temperature of broiler chicks under heat stress conditions.

Table (3): Means+SE of rectal temperature and blood pH of broiler
chickens subjected to high ambient temperature in the
different experimental diet groups at 49 day of age,

Treatments NaHCo, + . ,
Treaits NaHCo, betainae Betaine Control | Sig.
Rectal temperature (°C) 41.83£0.20™ | 41.4340.14° | 42.07+0.07° | 4270007 | **
8Blood pH 7.3620.025" | 7.27£0.027° | 7.25:0.029" | 7.38+0.005" | *

a, bandc :
control.
** P<0.01
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Effect of sodium bicarbonate and [/ or betaine on blood pH of heat-
stressed chicks is presented in Table (3). The results show that the addition
of betaine to broiler diets alone or combined with NaHCo, decreased blood
pH (P<0.01) of heat-stressed chicks. Adding NaHCo, alone had no effect on
biood pH. This results seem to agree with those obtained by Rudolph et af.
{1986) ; Peteronini ef al. (1992) ; Ko et al. (1994) and Kidd ef a/. (1997) who
reported that betaine has an osmoprotective effect by accumulating in cells
and cell organelles exposed to esmotic and ionic stress, replacing inorganic
ions and protecting enzymes and cell membranes from ionic inactivation.

Data for iymphoid and other internal organs weight index are
presented in Table (4). Results indicate that, adding NaHCo, and / or betaine
to heat-stressed chicks’ diets increased the weight index of bursa of fabricius
and adrenai gland. This confirms the hypothesis that diet supplementation
with NaHCo,; and / or betaine attenuated the deleterious effect of heat stress
and gave the hens the ability to resist heat, because the bursa of fabricius
has an important duty in humeral immunity or antibody formation. On the
other hand, there were no significant differences in spleen, liver and thyroid
gland weight index among the different experimentat treatments.

Table (4): Means+SE of lymphoid and other internal organs weight
index' of broiler chickens subjected to high ambient
temperature in the different experimental diet groups at 49

day of age.

3+ . .
Traits Treatmen&’ NaHCos: N:;'t:i?'fe Betaine ! Control | Sig.
Burs 3 of fabricius 18,2640, 70° 18.4310.76° | 14.60+1.55" | 8.20£0.37° |
Spleen 14.1242.68 15.93+1.30 16.6910.94 | 16.38+1.69 | NS
Liver | 263.16:38.64 | 287.69:37.77 | 265.173.07 | 282682545 | NS
[Trivroid gland | 2.22:0.34 1.28:0.06 2462139 | 2.27+0.43 | NS
Adenslgland | 4924047° | 469:073" | 46040.15° | 276+0.36° |

1: Internai organs weight index = organ weight/ body weight x 10000

a and b: means in the row with different superscripls vary significantly compared to
contrai.

* P05 ** P<0.001 N3 not significant

The results of immune response parameters are presented in Table
{5). Humeral immune response as represented in haemagglutination
inhibition (HIi) titers against Newcastle disease virus vaccination, indicated
that adding NaHCo; and/or betaine to heat-stressed chicks' diets increased
the level of antibody titer (P<0.001) at 35™ day of age; the best results were
obtained when a combination of NaHCo,; and betaine was added. This
confirms the hypothesis that diet supplementation with sodium bicarbonate
and betaine attenuated the deleterious effect of heat stress and gave hens
the ability to resist heat. Kidd et al. (1997) reperted that supplemental betaine
may be advantageous during certain physiologically challenging conditions,
including the high metabolic demand of rapid growth, disease and osmotic
stress in different cell types, because betaine is a labile donor of methyl
groups.
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Table (5): MeanstSE of haemagglutination inhibition (HI) titers,
heterophil | Ilymphocyte ratio (H/L) and hematocrit
percentage (HCT %) of broiler chickens subjected to high

ambient temperature in the different experimental diet

groups.
r raits Treatments| NaHCo, N::t;zf Betaine Contral_‘ Sig.
HI at 21 day of age 5.75+0.25 5.50+0.65 6.00-1.00 5.25+0.25 NS
Hl at 35 day of age £.00+0.41" 7.25+0.25° 5.75:0.258° 4.33+0.33°
H/L ratio 1.02+0,02" | 0.938:0.02° | 0.928+0.03° | 1.13x0.11°
HCT % 28.61+0.83 | 28.84+0.69 | 26.33x0.64 | 27.11:0.68 NS

a, b and c: means in the row with different superscripts vary significantly compared to
control.
* P<0.05 ** P<0.001

NS not significant
Regarding the cellular immune response, the results demonstrated -
aduction in H/L ratio in heat-stressed chicks fed on diets supplementation
with sodium bicarbonate and betaine or betaine alone. The increase in blood
lympnocyte and decrease in blood heterophile number may be attributed to
the decrease in blood corticosteroid level. There were no significant
differences in hematocrit percentage (HCT %) among the different
experimental treatments.

The results of serum thyroxine (T4) and serum triiodothyronine (T3)
levels of heat-stressed chicks are presented in Tabie (6). Serum T4 and T3
concentrations were higher (P<0.05) in heat-stressed chicks fed on diets with
sodium bicarbonate and betaine than those fed the control diet or diets with
NaHCo; or betaine alone. Thyroid gland is involved in control of growth and
development and exerts primary control of metabolic rate, any treatments like
heat stress that changes metabolic rate affect thyroid activity (May and
McNaughton, 1880). 1t is well known that, heat stress-induced red:ction in
plasma T3 concentration could be interpreted through thermal inhibition of the
hypothalamus and pituitary which results in a decline of TSH release and in
turn thyroid hormones secretion {Sturike, 1986).

Table (6): Means+SE of serum thyroxine (T4) and triiodothyronine {T3)
levels of broiler chickens subjected to high ambient
temperature in the different experimental diet groups at 49

day of age.
Traithreatments NaHCo; N:::;zf Betaine Contral Sig.
T4 (ug/dl) 6.60+0.17° 9.50+1.08° 8.00£0.49™ 6.53+0.36" *
T3 {(ng/dl) 136.58+£16.15° | 176.9046.19" | 135.63+14.46° | 114.27+652" | "
a and b : means in the row with different superscripts vary significantly compared to
control,
*p<0.05 * P<0,001

These results indicate that bird's heat tolerance improve as birds fed
diets with sodium bicarbonate and betaine by increasing thyroid activity.

Results in Table (7} indicated that adding betaine alone or combined
with sodium bicarbonate to heat-stressed chicks increased (P<0.001) the
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levels of total protein, albumin and globulin. i is clear that betaine with
NaHCo; gave higher albumin and globulin values followed by betaine alone.
This may be related to the accumulated betaine protects the cells from
osmotic stress and allows them to continue regular metabolic activities in
conditions that would normally inactivate the cell (Rudolph et al, 1986 ;
Petronini et a/., 1992 and Ko et al., 1994).

Table (7): Means*SE of serum protein and cholesterol levels of broiler
chickens subjected to high ambient temperature in the
different experimental diet groups at 49 day of age.

Fraits Treatments NaHCo, Nbae'-‘t:i?:; Betaine Control | Sig.
Total protein (g/dl.) 2.74+0.03° 3.960.12° 3.42+0.14° | 2.54:013° [ ™™
Albumin (g/dL.) 1.190.04° 1.88:0.05" | 1.59:0.07° | 1.21+0.08° |
Globulin {grdL) 1.5420.02° 2.08:0.08" | 1.83:0.08° | 1.34+0.08° | "
VG ratio 0.770.03 0.91:0.02° | 0.8720.03' | 0.91£0.04° | |
Cholesterol (mg/dl) | 152 50+0.65° | 144.75+1.70° |111.6721.67°| 174.75:0.87° |

a, b and ¢ : means in the row with different suparscripts vary significantly compared to

control.
* P<0.05 *** P<0.001

Cholesterol level was lowest (P<0.001) when heat stressed chicken
were fed on diet with betaine alone, followed by those fed on diet with betaine
ard NaHCoj; and those fed on diet with NaHCos alone.

The findings obtained were in agreement with those of Saunderson
and Mackinlay (1990) whe reparted that in poultry, the methylation properties
of betaine may be important during 'ipid metabolism by reducing and
redistributing carcass fat Moreover, Schulte et al. (1997} reporied that
betaine may interact with the lipid metabolism by stimulating the oxidative
catapolism of fatty acid via its rcle in carnithine synthesis, thus offering a
pctential for rediiced carcass fatness in commercial production. Liver function
data represented as aspariate amino transferases (AST) and alanine amino
transferases (ALT) levels kidney function represented by serum uric acid are
presented in Table {o}. Presented data show that adding betaine alone or
cembined with sodium bicarbonate to heat-stressed chicks’ diets decreased
(P<0.001, P<0.01) the activities of AST and ALT enzymes. The decrease of
enzyme activity reflects healthy, nonpathologecal and non-toxic effect on
fiver.

Table (8): Means+SE of Liver and kidney function efficiency of broiler
chickens subjected to high ambient temperature in the
different experimental diet groups at 49 day of age.

Treatmen NaHCo, + . .
raits NaHCo, betaine Betaine Control  (Sig.

Serum AST (U/L) (GOTW 37.7510.48" | 26.50+1.71° | 30.00:0.58" | 37.50:0.65° | ™

Serum ALT (U/L) (GPT) 2.25:0.14° | 1.38:0.24° | 1.75:0.14% | 3.50:0.29"

Serum wric acid (mg/dl) 5.50:0.05 5.47+0.06 5.5310.08 5.45:0.02 |NS

A, b and ¢: means in the row with different superscripts vary significantly compared to
control.

**+ Pe.001 NS Not significant
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The kidney function efficiency test represented by serum uric acid
(UA) demonstrated nonsignificant differences among the different treatments.
It could be concluded that adding betaine and sodium bicarbonate to heat-
stressed chicks’ diets may help reduce the negative effects of heat stress on
them.
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