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Abstract: The effect of feeding pre-starter diet during three periods (4, 7 and 10 days) with different sodium
levels (0.15, 0.30 and 0.45%) on performance, carcass characteristics and serum electrolytes levels, in a
completely randomized design and 42 days of study, 240 Ross (308) male broiler chickens were evaluated in a
factorial arrangements of 3*3. By increasing sodium levels, dietary electrolyte balance increased (200, 250 and
300 mEq kg ™). Treatments were compared with a control diet (starter diet with 0.20% scdium). Chickens were
fed with starter diet to 21 days of age after feeding pre-starter diet. The results indicated that feeding pre-starter
diet during 7 and 10 days increased feed intake and decreased feed conversion ratio at 42 days of age when
compared with that of starter diet (control diet) (p<0.05). Feeding pre-starter diet during 7 and 10 days increased
feed intake in starter period and weight gain m first 4 weeks of study (p<0.05). Feeding pre-starter diet with
0.30% sodium and 250 mEq kg™ dietary electrolyte balance increased feed intake in first 2 weeks and weight
gain in starter period (p<0.05). Feeding per-starter diet with 0.30% sodium and 250 mEq kg ™' dietary electrolyte
balance during 10 days showed the lowest feed conversion ratio in second and fourth weeks of study (p<0.05).
There was no significant difference among the treatments for mortality, serum electrolytes levels and carcass
characteristics at the end of experiment. The results of the present study indicated that feeding pre-starter diet
with 0.30% sodium and 250 mEq kg™ dietary electrolyte balances for 7 days have positive effects on

performance especially in first weeks of life.
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INTRODUCTION

Tn the last 10 years, interest in early nutrition research
has increased due to the high correlation between 7-d-old
weight and final weight Several investigations have
shown that chicken weight i 6 and 7 weeks of age had
the linear relationship with their weight in the first week of
rearing (Pezeshlian, 2002). Broiler feeding i the first days
of life is one of the priority factors that could affect on
growth, feed efficiency, uniformity and finally economic
benefits. Sodium (Na), as well as Chlorine (Cl) and
potassium (K), are essential elements in order to maintain
the osmotic pressure and acid-base balance within normal
values, protem synthesis in tissues, maintain extra and
intracellular homeostasis and electric potential of cell
membrane (Nobakht, 2005). Electrolyte balance defmes
as Natk-Cl (Mongin, 1980). Therefore, electrolytes
concentration mdirectly affect on feed mtake and growth
of chickens in first days of life. Electrolyte imbalance

result in some metabolic disorders like tibial dyschondro-
plasia and respiratory alkalosis in laying hens (Leeson
and Summers, 2001). Many studies in broilers indicated
that sodium supplementation m the first week of life
stimulated feed intake and modified weight gain and
feed conversion ratio (Borges ef al., 2002; Maiorka ef af.,
1998, 2004; Ribeiro et al., 2004). The purpose of this
study, was to evaluate the effects of different levels of
sodium and dietary electrolyte balance in pre-starter diets
1n 3 perieds of 4, 7 and 10 days on performance, carcass
characteristic and serum electrolytes levels.

MATERIALS AND METHODS

Total two hundred and forty, day-old Ross (308) male
broilers chickens were used 1n this trial. In a completely
randomized design, chickens were divided into 9
treatments of 3 replicates each according to a factorial
arrangement of 3 periods of feeding pre-starter diet (4, 7
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Table 1: Composition of experimental diets
Sodium level in pre-starter diets (96)

Ingredients (%) 0.15 0.30 0.45 Starter' Grower
Com 5749 5722 57.10 60.43 64.21
Soybean meal 31.77  31.83 31.87 30.53 30.05
Fish meal 5.00 5.00 5.00 5.00 -
Soybean oil 2.40 2.40 2.40 1.17 2.40
Limestone 1.23 1.23 1.22 1.21 1.22
Dicalcium phosphate 0.97 0.97 0.97 0.91 1.28
DL-Methionine 0.26 0.26 0.26 0.06 0.01
L-Lysine 0.13 0.13 0.13 - -

Salt 0.25 0.46 0.55 0.18 0.33
NaHCO; - 0.27 0.70 0.30 0.42
NH,Cl 0.10 - - - -
Vitam-min premix? 0.50 0.50 0.50 0.50 0.50
Composition

AME (Kcal kg™) 3000 3000 3000 3000 3085
Crud protein, %o 22.50 2250 22.50 21.60 18.75
Calcium, % 0.96 0.96 0.96 0.94 0.84
Available P, %0 0.48 0.48 0.48 0.47 0.42
Chloride, % 0.28 0.34 0.39 0.18 0.23
Potassium, % 0.84 0.84 0.84 0.82 0.79
Sodium, % 0.15 0.30 0.45 0.20 0.26
Arginine, % 1.43 1.43 1.43 1.40 1.21
Methionine+Cystine, % 1.05 1.05 1.05 0.84 0.67
Lysine, % 1.39 1.39 1.39 1.25 1.00
Threonine, % 0.91 0.91 0.91 0.90 0.76
Tryptophan, % 0.28 0.28 0.28 0.28 0.24
Na+K-Cl(mEqkg™) 200 250 300 250 250

'Control treatment; National Research Council (1994) to reach dietary
electrolyte balance of 250 mEq kg™, ? Provides per Kg of diet: vitamin A
(11000 TU); vitamin D; (2250 TU; vitamin E (9 TU); vitamin K; (1.8 mg);
vitamin By; (0.02 mg); thiamin (1.1mg); riboflavin (9 mg); pyridoxine (1.8
mg); biotin (0.1 mg); cholin (680 mg); pantothenic acid (9 mg); niacin (35
mg); folic acid (1 mg); selenium (0.18 mg); iodine (1.2 mg); iron (70 mg);
copper (10 mg); zinc (60 mg); manganese (70 mg)

and 10 days) and 3 dietary sodium levels (0.15; 0.30 and
0.45%), in the pre-starter diets. By increasing sodium
levels, dietary electrolyte balance mcreased (200, 250 and
300mEq kg™"). The experiment was conducted in batteries
with 8 birds per cage and a total of 27 experimental units.
In addition to these treatments, there was a control diet
(starter diet with 0.20% sodium) to reach to a 200 mEq
kg™ diet. The calculated dietary electrolyte balance
"Mongin Number" was obtained by addition of the NaCl,
NaHCo, and NH,CI into the feed. Crude proteins of comn
and soybean meal samples were determined by kjeldahl
method and their sodium and potassium were determined
by flame spectrophotometry (AOQAC, 1990). Pre-starter
diets compositions were similar, except for the sodium and
chloride (Table 1). Starter (control diet) and grower diet
met or exceeded broiler nutrient requirements as
recommended by the National Research Council (1994).
Chickens were fed with starter diet to 21 days of age
after feeding pre-starter diet. Grower diet was fed from
22-42 days of age. All diets were given ad labium. During
the experiment, feed intake, body weight gain and feed
conversion ratio (adjusted for mortality) were measured
weekly. At 42 days of age, 2 chickens from each
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experimental unit were selected and their wing vein blood
samples were collected. Serum electrolytes (sodium,
potassium and chloride) levels were measured by flame
spectrophotometry and routine biochemical methods
(AQAC, 1990). At 42 days of age, one chicken from each
experimental unit was
characteristics (carcass weight, breast weight, leg weights
and abdommal fat pad) were measured. Data were
analyzed based on the general linear models procedures
of SAS (1998). Significant differences among treatment
means were analyzed by Duncan multiple range test at
p<0.05, unless otherwise stated (Steel and Torrie, 1582).
Control diet (starter) compared with treatments using t-
tests (SAS, 1998).

also selected and carcass

RESULTS AND DISCUSSION

In first, second and third weeks and from 1-21 days
of study, chickens fed pre-starter diet for 7 and 10 days
had more feed mtake than those of chickens fed pre-
starter diets for 4 days (p<t0.05, Table 2). In first and
second weeks of study, feed intake was greater for
chickens fed pre-starter diet with 0.30% sodium and 250
mEq kg™ dietary electrolyte balance than those of
chickens in other treatments (p<0.05). No significant
differences in intake were observed in next weeks. It
seems feeding pre-starter diet in a period of 7 or 10 days
improves body weight gam in first weeks of life, so the
feed intake increases. The probable reason of
improvement in chicken growth rate might be a better
index of broiler requirements and feeding this diet for 4
days 1s not sufficient. Because the first 10 days of age
are critical for broiler performance at slaughtering weight
and the chicken undergoes several physiological
developments. This result is in agreement with the result
of Mongin (1981) whoe estimated 250 mEq kg™ dietary
electrolyte balances increases feed intake. Borges et al.
(2002) indicated that sodium supplementation in the first
week of Life stimulated feed mtake. This study showed
that feed mtake increases when sodium i pre-starter
diet increased up to 0.30%. Borgest et al. (2002) observed
the highest feed intake in chickens at 202 mEq kg™
Riberiro et al. (2004) got the similar results. Feed intake
increased when sodium in pre-starter diet increased up to
0.36% and decreased with 0.48%. In the present study,
feed mntake decreased with 0.45% sodium into the diet.
Borges et al. (2003) observed maximum feed intake with
0.35% sodium and 240 mEq kg~ dietary electrolyte
balance for starter diet. Results obtained by Barros et al.
(1998), Johnson and Karunajeewa (1985), Murakami et al.
(1997) and Oviedo-Rondon et al. (2001) are in agreement
with the result of this study regarding feed mtake.
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Table 2: Effect of periods of feeding pre-starter diet (4, 7 and 10 days) and sodium levels (0.15, 0.30 and 0.45 %) on feed intake at different ages

Feed intake (g)
Treatment/week 1 2 3 Starter period
4 days 111.01* 256.89° 514.40° 881.51°
7 days 121.58* 287.97¢ 536.56% 611"
10 days 121.96 294.98* 550.73* 970.38
+ 8EM 3.22 7.06 10.18 14.85
Sodium level in diet (%)
0.15! 113.76" 268.37° 527.19 908.59
0.30°2 124.70% 292.08* 541.07 957.85
0.457% 115.70® 277.44% 533.43 924.34
+ 8EM 3.22 7.06 10.18 14.85

=% Means in each column with different superscripts are significantly different (p<<0.05), '200 mEq kg™' dietaryelectrolyte balance. 2250 mEq kg™ dietary

electrolyte balance, *300 mEq kg™ dietaryelectrolyte balance

Table 3: Effect of periods of feeding pre-starter diet (4, 7 and 10 days) and sodium levels (0.15, 0.30 and 0.45 %) on weight gain at different ages

Weight gain (g)
Treatment/week 1 2 3 4 Starter period
4 days 74.34% 185.85° 273.11° 350.22° 533.30°
7 days 87.81* 192.05%® 204.81* 373.57® 575.23*
10 days 89, 55% 201.68° 303.15* 300.20° 504.38°
+ 8SEM 2.9 4.28 6.49 8.58 11.65
Sodium level in diet (%)
0.15! 82,54 194.51%® 203,590 371.02 570.38%
0.30? 89,93% 203.76° 301.53* 384.23 505220
0.453 79.24° 181.59° 275.95 367.74 536.77°
£+ 8EM 2.9 4.28 649 858 11.65

“® Means in each column with different superscripts are significantly different (p<0.05), 1200 mEq kg™ dietary electrolyte balance, 2250 mEq kg™ dietary

electrolyte balance, 300 mEq kg™ dietary electrolyte balance

Table 4: Interactions among periods of feeding pre-starter diet (4, 7 and 10 days) and sodium levels (0.15, 0.30 and 0.45) on weight gain at different ages

Weight gain (g)

Treatrnents/week 1 2 3 4 1-21d 1-42d

4 days, 0.15% sodium 73.34° 190.28° 277.15% 331.25¢ 540,77 1739.31*
4 days, 0.30%% sodium 77.7° 190.10° 285.66% 356,370 553,47 1799.29%®
4 days, 0.45% sodium 71.98° 177.16° 256.52° 390.05% 505.66° 1784.90%
7 days, 0.15% sodium 85.46%® 200P 290,82 380, 4ebed 575.31%® 1895.98*
7 days, 0.30% sodium 94.69* 197.78° 314.63% 371.48%4 607.10® 1856.38%
7 days, 0.45% sodium 83.30%® 181.03° 278.99% 368.81% 543,328 1784.40%®
10 days, 0.13%% sodium 88.82% 195.07 312.82% 401.39® 596.71% 1875.48%
10 days, 0.30% sodium 97.40° 223.3% 304317 424.84% 625.10° 1912.86%
10 days, 0.45% sodium 82.4%® 186.58" 292.33% 344.37% 561.35% 1777.19%
£+ 8EM 5.16 741 11.24 14.85 20.18 42.23

=%¢ Means in each column with different superscripts are significantly different (p<0.05)

From first to fourth weeks and n starter period,
chickens received pre-starter diet for 4 days had lower
weight gain than those of chickens fed pre-starter diet
for 7 or 10 days (p<0.05, Table3). No significant
differences i weight gamn were observed later on. In first
3 weeks and starter period chickens fed diet with 0.30%
sodium and 250 mEq g~' dietary electrolyte balance had
the highest weight gain and the lowest weight gain was
for treatments with 0.45% sodium and 300 mEq kg™
dietary electrolyte balance. Similar results have been
reported by Mongin (1981) and Maiorka et al. (1998). The
results of present worl is not in accordance with those of
Oviedo-Rondon ef al. (2001) and Pritton (1991, 1992) and
recommended sodium levels (0.15 and 0.20%) by National
Research Council (1994). Sodium levels and dietary
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electrolyte balances were suggested for starter period
and were mnot for pre-starter diet and it might be the
reason of this discordance. A significant interaction
effect (p<0.05) between feeding pre-starter diet and
sodium levels for four first weeks, starter (1-21 days) and
total period of experiment (1-42 days) were observed
(Table 4). From 1-42 days of study the highest weight gain
was observed in chickens fed pre-starter diet with
0.30% scdium and 250 mEq kg™ dietary electrolyte
balance during 10 days. Borges ef al. (2003) verified that
240 mEq kg~' dietary electrolyte balance and 0.35%
sodium in starter diet resulted the highest weight gain.
These results were nearly similar the results of present
experiment and results obtaned by Thonson and
Karunajeewa (1985). Murakami ef al. (1997) estimated the
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Table 5: Interactions among periods of feeding pre-starter diet (4, 7 and 10 days) and sodium levels (0.15, 0.30 and 0.45 26) on feed conversion ratio at

different ages
Feed conversion ratio

Treatrnents/week 2 4 1-21d 21-42d 1-42d
4 days, 0.15% sodium 1.29¢ 2.39% 1.57 2.55 221
4 days, 0.30%% sodium 1.46® 2.21% 1.68 243 2.07
4 days, 0.45% sodium 1.41%® 2.12% 1.62 2.44 2,17
7 days, 0.15% sodium 1.39%® 2.00% 1.63 2.33 2.07
7 days, 0.30% sodium 1.54%® 2.26 % 1.58 2.51 2.20
7 days, 0.45% sodium 1.63* 2.14%¢ 1.75 2.49 2.27
10 days, 0.13%% sodium 1.52% 2.02% 1.60 2.39 213
10 days, 0.30°%% sodium 1.32° 1.96° 1.58 2.40 2.13
10 days, 0.45% sodium 1.65° 241= 1.72 2.50 2.19
£+ 8EM 0.083 0.118 0.081 0.097 0.055

=%¢ Means in each column with different superscripts are significantly different (p<0.05)

Table 6: Effect of periods of feeding pre-starter diet (4, 7 and 10 days) and
sodium levels (0.15, 0.30 and 0.45 %) on serum electrolytes in
broilers at 42 davs of age

Serum electrolytes (mmol L™1)

Treatments Sodium Potassium Chloride
4 days 153.71 4.08 108.67
7 days 152.89 4.19 110.00
10 days 158.29 4.33 108.29
+ 8EM 2.51 0.14 1.31
Sodium level in diet (%6)

0.15! 156.86 4.33 108.22
0.302 153.78 4.25 110.67
0.45°3 154.00 4.03 108.00
+ 8EM 2.51 0.14 1.31

Means in each column with no superscripts are not significantly different
(p=0.05), 1200 mEq kg™! dietary electrolyte balance, 2250 mEq kg™ dietary
electrolyte balance, 300 mEq kg™ dietary electrolyte balance

Table 7: Effect of periods of feeding pre-starter diet (4, 7 and 10 days) and
gsodium levels (0.15, 0.30 and 0.45 2%) on relative carcass

characteristics
Treatments  Carcass (20) _Abdominal fat (%) Breast (%) Thighs (%)
4 days 74.86 2.65 18.62 16.79
7 days 74.57 2.72 17.61 17.35
10 days 74.76 312 17.89 17.19
+ 8SEM 0.415 0.175 0.493 0.281
Sodium level in diet (%)
0.15! 74.69 2.92 17.89 16.76
0.302 74.14 2.73 18.22 16.97
0.453 7536 2.4 18.01 17.59
+ 8EM 0.415 0.175 0.493 0.281

Means in each column with no superscripts are not significantly different
(p=0.05), '200 mEq kg™ dietary electrolyte balance, 250 mEq kg™ dietary
electrolyte balance, *300 mEq kg™ dietary electrolyte balance

Table 8: Owerall t-test comparison of individual treatments with control diet
from 1-42 days of age

Treatments Weight gain (g) Feed conversion ratio
Control treatment 1605.08 2.42
4 days, 0.15% sodium 173931 2.30
4 days, 0.30% sodium 1799.29 2.20
4 days, 0.45% sodium 1784.96" 223"
7 days, 0.15% sodium 1895.98 " 2.06"
7 days, 0.30% sodium 1856.38" 2.20"
7 days, 0.45% sodium 1784.04 " 2.27
10 days, 0.15% sodium 1875.48 " 213"
10 days, 0.30% sodium 1912.86" 213"
10 days, 0.45%6 sodium 1777.19 " 242"

Means in each columm with *superscript are significantly different from
control treatment. (p<:0.05)

best body weight gain can be obtained by 0.25% of
sodium. This sodium level was close to the levels
obtained by this experiment and suggested by Oviedo-
Rondon et al. (2001). Different periods of feeding pre-
starter diet and different levels of sodium and dietary
electrolyte balance had no significant effect on Feed
Conversion Ratio (FCR) but interaction between these
factors was significant m second and fourth weeks
(p<0.05) (Table 5). At these periods, chickens fed pre-
starter diet with 0.30% sodium during 10 days had the
lowest FCR. Stringhini et «l. (2003) observed no
sigmficant effect of different periods of feeding pre-
starter diet on FCR. Results of this study are in agreement
with those of Silva et al. (1994), Junqueira et al. (2003),
Silva and Flemming (1920) and Ali and Latshawe (1994).
Different periods of feeding pre-starter diet and different
levels of sodium and dietary electrolyte balance had no
significant effect on serum electrolytes level, carcass,
breast, leg and abdominal fat percentage (Table 6 and 7).
There were no sigmficant interactions (p<0.05) among
the studied factors on serum electrolytes level and
carcass characteristics. Rezaei et ol (2003) showed that
by increasing dietary electrolyte balance, serum
potassium level sigmficantly decreases (p<i0.05). These
results might be due to a time lag between feeding pre-
starter diets for 4, 7 and 10 days and the time of blood
sampling at 42 days of study. Therefore, if different
dietary electrolyte balances changes the
electrolytes levels, this effect might remain for a short
period after feeding these diets. Body systems that have
important roles in acid-base balance and homeostasis, act
immediately and return serum electrolyte levels to the
normal values. Broilers excrete excess of sodm by
increasing water intake (Leeson and Summers, 2001). So
this was rational that the effect of dietary electrolyte
balance didn’t show any significant effect at 42 days of
age. Chickens fed pre-starter diet compared to those
didn’t fed it and were given starter diet (control diet) from
1-21 days of study by t-test procedure (Table 8). Feed
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intake and carcass characteristics of experimental
treatments did not show any sigmficant differences with
control diet. Under the conditions of this study it was
concluded that body weight gain and FCR in chickens fed
pre-starter diet during 7 and 10 days of life with 0.3%
sodium improve and might be recommended to broiler

producers.
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