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SUMMARY

A total number of 210 one week old Avian broiler chicks were used to study
the effect of sodium bicarbonate and ammonium chioride supplementation on
performance and some physiological parameters of the broilers during hot
summer season (27.6-35.6°C). The study was carried out during June and
July. Broilers were fed on the control diet containing 23% CP and 3100 Kcal
ME/Kg diet from 1-4 weeks of age and 18% CP and 3200 Kcal ME/Kg from 4-
7 weeks of age (NRC recommendation).This diet was supplemented with two
levels (1 and 2%) of either NaHCO3, NH4CI or a mixture of them (50:50), in
addition to such control diet without supplementation. Therefore |, the total
birds were divided into 7 treatments, each containing 30 birds in three
replicates.

The results showed that addition of either 1% NaHCO; or 2% of a mixture
of NaHCO,; and NH,Cl (50:50) to broiler chick diets recorded the highest
performance and economic efficiency of production compared to control diet
(without supplementation). The worst values were obtained by feeding broiler
chicks on diet supplemented with 2% NH,CI. The values of body temperature,
blood pH, plasma Na and K concentration and mortality rate were nearly
similar and were not affected by the treatments. Accordingly, it is preferable to
supplement NRC recommendation diet with 1% sodium bicarbonate to obtain
the best broilers performance during hot summer season.

Ke.ywords: Broiler, performance, physical characteristics, heat stress,
NaHCO5, NH,CI

INTRODUCTION
Numerous chemical compounds have been added to broiler diet or drinking

water in an attempt to alleviate the adverse effects of heat stress. Bottje and
Harrison (1985); Fixter et al. (1987); Balnave and Oliva (1891); Balnave and
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Gorman (1993) and Ahmed and Maghraby (1995) observed that adding
NaHCO., at levels ranged between 0.16 to 1.0% to broiler chick diets
significantly increased body weight, weight gain, feed intake, feed efficiency
and decreased body temperature, blood pH, panting rate and mortality rate
during heat stress (32°C). While, Teeter et al. (1985}, Damron et af. (1986)
and Smith and Teeter (1993) fed broiler chicks on diets containing different
levels of ammonium chloride (NH,CI) from 0.3 to 3.0% under heat stress
(32°C). They found that the level of 0.3 or 1.0% NH4C| increased body weight
gains by 9.5 and 25%, respectively. While, 3% NH4CI elevated weight gains
by only 8%. The objective of the present study was to detect the effect of
either sodium bicarbonate, ammonium chloride or a 50:50 mixture of them as
anti — heat stress agents on the performance of broilers under hot conditions .

MATERIALS AND METHODS

A total number of 210 unsexed week old avian broiler chicks were used.,
The birds were randomly distributed into 7 treatmenis, each contained 30
birds in three replicates. Birds were kept in wire floored batteries in an open
system house under the same managerial conditions. Water and feed were
offered ad- libitum and artificial lighting was provided 24 hours daily allover the
experimental period which lasted for 7 weeks of age. Birds were fed on the
contral diet containing the NRC requirements of protein 23 and 18 % CP and
energy 3100 and 3200 K cal ME/Kg for growing (1-4 weeks of age) and
finishing (4-7 weeks of age) periods, respectively. The control diet was
supplementad with one of the three chemical compounds (NaHCO,, NH,4Cl or
50:50 mixture of them). Each chemical compound was added at two levels (1
or 2% of the diet). The experimental diets and their chemical compaosition are
presented in Tables 1 and 2. The maximum and minimum ambient
temperature recorded daily atnoon (12:00 p.m.). Table (3) shows the mean
ambient temperature and relative humidity during the experimental period (2-7
weeks of age). The ambient temperature ranged between 27.0 and 35.6°C
and relative humidity was between 50 and 54% . Birds were weighed and
feed consumption was recorded during the experimental period to calculate
body weight gain and feed conversion. Economic efficiency was also
calculated. Body (skin) temperature was recorded four times weekly at noon
(12:00 p.m.) by Inserting a digital electric thermometer under the wing, while
the rectal (deep body) temperature, was measured from the clcaca.
Respiration rate (panting) was counted also four times weekly by observing
the movement of the abdomens for one minute at noon. Blood pH was
determined by using a digital electric pH meter immediately after blood sample
collection. The spectrophotometric technique according to Henry (1974) was
used to determine sodium and potassium concentration in the plasma. The
proximate analysis of feed was carried out according to the official methods
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(AOAC, 1990). Data from all the response variables were subjected foa
factorial and one way analysis of variances (SAS, 1390). Those variables
having a significant F-test were compared using Duncan’s multiple range test
(Duncan, 1995).

Table 1. The percentage composition of experimental diets used during the
growing periad (1-4 weeks)

Diets 1 2 3 4 5 6 7
Ingredients
Corn 56.50 54.25 5200 5425 52.00 5425 52.00

Soybean meal (44 %) 2200 2250 2300 2250 23.00 2250 23.00
Fish meal (70%)  4.50 450 450 450 450 450 450
Protein concentrate  10.00 10,00 10.00 10.00 10.00 10.00 10.00

(60 %)

Ol 4,00 475 550 475 550 475 580
NaH CO4 1.00  2.00 i 0.50  1.00
NH4 CL 1.00 200 050 1.00

Bone meal (1) 250 2.50  2.50 250 2580 250 2.50
Vit.&Min. Premix 0.25 025 025 025 0256 025 025

Salt 0.25 025 0.256 025 025 025 0.25
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Determined values
CP % 2341 2354 2335 235 23,52 2345 23.61
EE % 8.7 8.3 9.1 8.7 8.895 856 8.93
CF % 3.25 314 3.7 3.07 3.21 3.52 345
Calculated values
ME ( Kcal / Kg ) 3104 3106 3107 3106 3107 31068 3107
C/ P ratio 135 135 135 135 135 135 135
Ca % 0.92 092 0.92 0.92 0.92 0.92 0.92
P (total ) % 1.04 1.04  1.03 1.04 1.03 1.04 1.03
P ( Avail ) % 0.53 0.53 0.53 0.53 0.53 0.3 0.53
Methionine % 0.66 0.66 0.66 0.66 066 0.6 0.66
Lysine % 1.36 137 1.37 137  1.37 1.37 1.37
Cystine % 0.3z 0.32  0.32 0.32 032  p32 D32
Meth.+cyst. 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Price L.E [ ton 1280 1300 1320 1300 1320 1300 1320

(1) Supplies per Kg diet :

Vitamin A 13000 LU, Vit D3 2000 LU. Vit E10 mg , Vit K 2 mg, Vit By2mg, Vit 82
4mg , Vit Bg 1.5 mg, Vit 812 12 mg , Pantothenic acid 10 mg , Nicotinic acid 20 mg ,
rolic acid 1mg, Biotin 0.05 myg , Choline chloride 500 mg , Copper 10 mg , lodine 1
mg , Manganess 55mg, Zinc 55 mg, Selenium 0.15 mg , Cobalt 0.25 mg and Iron
30mg .
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Table 2. The percentage composition of experimental diets used during the
finishing period (4-7 weeks)

Diets Ingredients 1 2 3 4 5 6 7

Comn 66.50 64.26 62.00 64.25 6200 64.25 62.00

Soybean meal (44 %) 16.00 16.50 17.00 16.50 17.00 16.50 17.00

Protein concentra (60 %) 10.00  10.00 10,00 10.00 10.00 10.00 10.00

Qil 4.50 4.25 6.00 5:25 600 525 6.00
NaH COg4 1.00  2.00 0.50 1.00
NH,4 CL 1.00 200 050 1.00

Bone meal (1) 2.50 2.50 2.50 2.50 250 250 250
Vit.&Min. Premix 0.25 0.25 0.25 0.25 025 025 025

Salt 0.25 0.25 0.25 0.25 0.25 025 025
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Determined values
CP % 18.20 1858 1848 18.2 18.55 18,54 18.63
EE % 8.97 8.37 9.65 8.94 9.48 8.35 9.33
CF % 3.64 3.28 3.59 3.34 3:61 367 351
Calculated values '
cP % 18.09 18.11 1813 1811 18.13 18.11 18.13
ME ( Keal / Kg ) 3206 3207 3209 3207 3209 3207 3209
C/Pratio 177 177 177 177 177 177 177
EE % 7.75 8.42 9.09 8.42 9.09 8.42 8.09
CF % 2.83 2.82 2.81 2.82 2.81 2.82 2.81
Ca % 0.80 0.81 0.81 0.81 0.81 0.81 0.81
P (total ) %  0.95 0.95 0.95 0.95 0.95 095 095

P ( Avalil) % 046 0.48 0.46 0.46 0.46 046 046
Methionine %  0.55 0.54 0.54 0.54 0.54 054 054

Lysine % 095 0.96 0.97 0.96 097 096 097
Cystine % 0.26 0.26 0.26 0.26 026 026 026
Meth.+cyst. 0.81 0.80 0.80 0.80 0.80 080 0.80
Price L.E/ ton 1180 4170 1190 1170 1190 1170 1190

(1 ) Supplies per Kg diet: Vitamin A 13000 |.U., Vit 03 2000 LU. Vit E10 mg , Vit K 2 mg, Vit B
2 mg , Vit B,4mg, Vit8.1.5mg, Vit By 12 mg . Pantothenic acid 10 mg, Nicotinic acid 2
mg , Folic acid 1mg, Biofin 0.05 mg , Choline chloride 500 mg, Copper 10 mg , lodine 1 mg ,
Manganess 55 mg , Zinc 55 mg , Selenium 0.15 mg, Cobalt 0.25 mg and Iron 30 mg.

Table 3. The mean ambient temperatures and relative humidity during the
experimental period.

Weeks Ambient temperature °C Relative
Maximum Minimum Humidity (%)
2 35.0 0.8 28.0+0.9 54
3 357+ 24 284F08 . 51
4 3561+0.9 2761+ 1.1 53
5 3501+ 1.8 274+15 52
6 358 +15 270108 52
7 355108 274+05 50
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RESULTS AND DISCUSSION

Data in Table (4) showed that using NaHCO3 (S1) improved significantly
the average values of body weight, weight gain, feed intake and feed
conversion followed by using a 50:50 mixture of NaHCO3 and NH4CI (83).
While, the worst values were recorded when brailer chicks were fed on diet
supplemented with NH,Cl (S2). Regardless of source of the chemical
compounds, the low level (L1) of the chemical compound (1%) gave better
performance than L2(2%). The interaction between electrolyte source and
level (SxL) indicated that the best performance was for the birds fed on the
diet which supplemented with 1% NaHCOg4 or a 50:50 mixture of NaHCO4
and NH4C! at either 1 or 2%. While, the worst performance and economic
efficiency values were for the birds fed on the diet which supplemented with
NH,Cl at 2% level. Balnave and Gorman (1993) attributed the improvement in
feeé intake to the bicarbonate ion which produce cation - anion balance or
dietary electrolyte balance, thereby the body weight and weight gain
increased. These results agree with those of Damron et al. (1986); Fixter et af.
(1987) and Ahmed and Maghraby (1995) who found that the average values
of body weight, weight gain and feed intake were significantly increased by
feeding broiler chicks on diets supplemented with different levels of NaHCO
(from 0.2 to 1.6%) under heat stress (32°C) compared to those fed on diet
without NaHCO3 supplementation. Also, Teeter et al. (1985) found that adding
NH,CI or a mixture of NaHCO3 and NH,Cl to broiler diets at level of 0.5%
improved broilers performance under heat stress (32°C). On the contrary to
the resulls of this study. Bottje and Harrison (1985) found that adding 1.0%
NaHCO, to the grower diet for cockerels which were reared under heat stress
had no effect on growth rate. Also, Smith and Teeter (1993) observed that
broiler performance was not influenced by adding NH,4Cl to broiler diet under
heat stress. Table (5) showed that the average values of body temperature,
rectal temperature, panting rate, blood pH and plasma Na and K were nearly
similar and without significant differences due to electrolyte source. while,
body temperature, rectal temperature, panting rate and blood pH were slightly
decreased, not significantly, at 2% (L2) compared to 1% (L.1) supplementation.
The interaction between S x L indicated that the average values of body
temperature, rectal temperature and blood pH were slightly decreased when
broiler chicks were fed on diets supplemented with different levels (1 or 2%) of
different sources of e!ectrdlytes compared to control diet (without
supplementation). Panting rate was decreased significantly due to the addition
of either S$1,52 or S3 especially at 2% (L.2). The average values of plasma Na
and K concentration were nearly similar and not affected by different
treatments. The decrease in body temperature and panting rate may be due to
the increase in water consumption. The results of this study were in
agreement with those obtained by Teeter and Smith (1986); Balnave and
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Gorman (1993); Ahmed and Maghraby (1995) and Osman (1996) who found
that adding either NaHCO3 or NH4CI to broiler chick diets or drinking water
under heat stress significantly decreased body temperature and panting rate
values compared to control group (without supplementation). The slight
decrease in blood pH values with adding either NaHCO.,, NH,Cl or a mixture
of them to broiler chick diets may be attributed to the HCO4 and CI ions as
indicated by Balnave and Gorman (1893) who showed that the carbon dioxide
(COz) is an end product of oxidative metabolism in tissues and is converted to
carbonic acid (HQCO3) through the action of the enzyme carbonic anhydrase.
Carbonic acid is & source of bicarbonate ion (HCOs) and is involved directly in
the anabolic reactions. Also, bicarbonate ion is a component of the bica/
carbenic acid buffer system. Also, Teeter et al. (1985); Branton et al. (1988);
Ahmed and Maghraby (1995) and Osman (1996) found that the blood pH
values were decreased when broiler chicks were reared under heat stress and
supplied their diet or drinking water with either NaHCO3 or NH4CI.

Table 5. Effect of treatments on physical characteristics

Treatment Body Rectal Panting Blood Plasma Plasma
o S L Temp. Temp. rate pH Na{ppm) K{ppm)
St~ 40.95+0.03 41.57%0.03 104+1 .64 7.80£0.01 124+0.60 16+0.50
S2 - 40.9540.04 41.61+0.03 104+1.59 7.80£0.01 12440.34 16+0.18
S3 - 40.85+0.04 41.6120.02 102+1 .47 7.75£0.02  124+0.29 1640.16

- L1 40.9240.03 41.62+0.02 10541.23 7.79+0.01 124£0.42 16+0.34
- L2 40.9120.03 41.57+0.02 10341.23 7.78+0.01 124+0.34 1620.16
S50 LD 41.0720.03 41.77+0.07 116+2.33 7.89+0.01 12420.46 16+0.20
S1 L1 4087+0.03 41.67+0.07 106£3.08 7.84+0.07 123+0.33 17+0.40
S1 L2 40.90+0.06 41.43+0.07 100£2.89 7.7840.04 125+1.24 17+0.33
52 L1 41.00+0.10 41.57+0.09 10821.45 7.8440.02 123+0.42 17+0.23
S2 L2 40.83:0.03 41.57+0.03 103£3.33 7.6920.06 125+0.55 1640.28
53 L1 40.77+0.03 41.67+0.03 10M+2.08 7.78+0.02 123+0.34 16+0.13
S3 L2 40.73:0.03 41.57+0.03 98+1.67 7.7640.01 123+0.34 16+0.32
Means in each column, within each item |, bearing the same superseripts do not differ
significantly (P > 0.05)

N® U RGN - 2w

it could be concluded that using the NRC recommendation diet
supplemented with 1% NaHCO., had a significant effect on improving the
performance and economic efficiency of the broiler chicks during hot summer
season of Egypt.
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