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ABSTRACT

Seven hundred and twenty Ross 308 chicks were raised in a controlled
environment room, distributed in a factorial design with 3 hatching chick
weights (37, 40 and 44 g), 3 geometric mean diameter (GMD) (0.561;
0.783 and 0.997 mm) and 4 total sodium levels (Na) (0.12; 0.24; 0.36
and 0.48%) in the pre-starter diet (1 to 7 days). From 8 to 21 days (d)
one single basal diet was used for all treatments. The thirty seven-gram
chicks had the smallest yolk sack weight at 4d, smallest body weight
(BW) and feed intake (FI) at 7d and 21d, but the same feed conversion
(FC) than the other groups of hatching weight. Chicks receiving diet
with intermediate GMD had the greatest BW and FI at 7d, but at 21d
this effect was no longer seen. The diet with finest particle size resulted
in birds with the smallest gizzard weight at 7d. The 0.12%Na diet was
statistically different from the other Na levels, resulting in chicks at 7d
with the worst FC and lowest body weights. At 21d, BW still was the
lowest for this group of chicks. Birds with 0.48%Na produced more
watery excreta and less dry matter in the carcass at 7d. Water
consumption (C

H2O
) was influenced linearly by chick weight up to

0.36%Na level. In the 0.48%Na level, 40 and 44 g chicks had similar
C

H2O
, which was different from 37-g chicks. For best performance, Na

values were set from 0.31 to 0.48%. The three studied factors influenced
quality of pre-starter diet and consequently chick performance.

INTRODUCTION

In the last 10 years, interest in early nutrition research has increased
due to the high correlation between 7-d-old weight and final weight.
This phase represents about 20% of the lifespan of broilers, when the
highest growth rate takes place (Gonzalez & Saldanha, 2001). Some
reasons that justify the use of a different diet in the first week are the
special characteristics of the digestive tract, related to anatomy and
physiology, the limiting nutritional requirements due to the difficulty in
absorbing certain nutrients, the potentially fast development of the first
days of life and the great difficulty to guarantee survival in cold
environments (Penz & Vieira, 1998; Cromm et al., 1999).

Concerning mineral requirements, Borges et al. (2002) observed that
sodium supplementation in the first week stimulated feed intake.
Maiorka et al. (1998) have shown that an approximate value of 0.40%
of sodium in the diet increased weight gain, feed and water intake,
and resulted in better feed conversion in chicks. Similar results were
found by Vieira et al. (2003), who estimated a range from 0.38 to 0.40%
of sodium requirements for this phase. However, the positive effects of
sodium high levels were not seen at 42 d of age. In that work, the
increment of diet electrolyte balance from 160 to 240 mEq/kg improved
weight gain and feed conversion only during the first 4 d. Although
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Maiorka et al. (1998) and Borges et al. (1999) reported
no increase in litter humidity, this parameter should be
assessed when sodium increments are evaluated.

Diet particle size may influence feed intake and
ingredient digestion by changes on gastrointestinal tract
anatomy and on digestive secretions. Nir et al. (1990)
concluded that young birds consumed feed in
accordance to its coarseness when free choice was
available. Ribeiro et al. (2002) observed that birds
between 21 and 42 days had better performance
when fed corn with 0.87 mm of geometric mean
diameter (GMD). Dahlke et al. (2001) noticed that a
very fine corn (0.336 mm of GMD) was less harmful
when included in pellet diets, and corn with GMD up
to 1.12 mm did not decrease broilers performance from
21 to 42 days of age. Nir (1997) found a significant
correlation between body weight in the first and second
weeks and the final weight (42 days). According to
the authors, each gram of initial weight corresponds
to 5 to 8 grams at the 6th week. Pedrozzo et al. (2000)
observed 51% of correlation between initial weight
(first day) and weight at 42 d of age. The study
described in this paper aimed to determine the best
sodium level and GMD in pre-starter diets, as well to
evaluate the effect of chick initial weight on
performance of 21 days old broilers. Water
consumption, excreta dry matter and carcass dry
matter were also analyzed.

MATERIAL AND METHODS

Seven hundred and twenty Ross 308 chicks were
divided in 36 treatments according to a factorial design
with 3 initial chick weights (IW) (37; 40 and 44 g), 3
GMD diets (0.561; 0.783 and 0.997 mm) and 4 total
sodium levels (0.12; 0.24; 0.36 and 0.48%), in the pre-
starter diets (1 to 7 days). The experiment was
conducted in batteries with 10 birds per cage, and a
total of 72 experimental units (EU). For each treatment,
there were 2 replicates. Diet compositions were similar,
except for the sodium levels. Sodium bicarbonate was
used to keep a diet electrolyte balance among Na, Cl
and K of 160 mEq/kg (Table 1). Corn was ground using
a hammer mill with different sieves (2, 8 and 10 mm)
to achieve the different GMD values. From 8 to 21
days, one single diet was used for all treatments and
levels were 2,950 kcal ME/kg; 21.1% CP; 1.05% Ca;
0.45% Avail P; 0.32% Na; 1.12% dig. Lys; 0.95% dig
Met+Cys and 0.459 mm GMD. Feed intake (FI), weight
gain (WG) and body weight (BW) were evaluated and
feed conversion (FC) was estimated at 7 and 21 days.

Data analysis was carried out by response surface
analysis: when IW was analyzed by regression analysis,
all treatments with the same IW were considered,
independent of AGD and sodium level. For each IW
level, there were 24 replications. The same was
considered for GMD. For each sodium level, 18
replicates were considered. All variables were
submitted to analysis of variance and regression
analysis. Statistical analysis was performed using the
software SAS (1986) and the means were compared
by Tukey�s test (p<0.05).

RESULTS AND DISCUSSION

Body weight, weight gain, feed intake and
feed conversion at the age of 7 and 21 days.

At the age of 4 d, one bird/EU was sacrificed to
determine the weight of the residual yolk sac. At 7
days, one bird/EU was sacrificed according to EU mean
body weight to measure gizzard weight and carcass
dry matter (AOAC, 1984). The same procedure was
repeated at 21 days for gizzard weight. Water
consumption from 1 to 7 days was evaluated based
on the difference among drinker weight in a 24-hour
interval. From 4 to 7 days, excreta dry matter (DM)
was determined.

Table 1 - Composition and nutritional levels of experimental
diets.

Ingredients       Sodium level (%)
0.12 0.24 0.36 0.48

Corn 60.61 60.61 60.61 60.61
Soybean meal 22.45 22.45 22.45 22.45
Corn gluten meal 10.91 10.91 10.91 10.91
Kaolin 1.94 1.63 1.32 1.01
Dicalcium phosphate 1.78 1.78 1.78 1.78
Limestone 1.22 1.22 1.22 1.22
L-Lysine HCl 0.36 0.36 0.36 0.36
DL-methionine 0.17 0.17 0.17 0.17
Sodium bicarbonate 0.11 0.11 0.11 0.11
Salt 0.16 0.47 0.78 1.09
Vitam-min premix1 0.15 0.15 0.15 0.15
Choline HCl (60%) 0.09 0.09 0.09 0.09
Coccidiostat (Salinomycin) 0.05 0.05 0.05 0.05

Nutritional levels
AME kcal/kg 2,950 2,950 2,950 2,950
CP (%) 21.5 21.5 21.5 21.5
Ca (%) 1.05 1.05 1.05 1.05
Av.P.(%) 0.45 0.45 0.45 0.45
Dig. Lys (%) 1.16 1.16 1.16 1.16
Dig. M+C (%) 0.95 0.95 0.95 0.95
1 - Composition per kg of diet: Vit A �10,000 IU; D3-3,000 IU; E-
30mg; K3-3mg; B1-3mg; B2-8mg; B6-4mg, B12-0.014mg;
Pantothenic acid-20mg; Niacin-50mg; Folic acid-2mg; Biotin-0.15mg;
Fe-40mg; Zn-80mg; Mg-80mg; Cu-10mg; I-0.7mg and Se-0.3mg.
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All the observed results will be analyzed by the
residual effect of the diet fed in the first week, since
the birds were given one single diet after the 8th day.
Interactions among the three factors were not
significant (p>0.05). Consequently, when the main
effects were observed, chick initial weight positively
influenced body weight at 7 days. Lighter chicks
presented lower WG and FI than the others, but FC
was better compared to the intermediate group
(p<0.05) (Table 2). Diet GMD affected BW, WG and
FI significantly. Better performance was observed
for intermediate GMD (0.783 mm). This variable did
not influence FC. Nir.(1997) observed that 4 day-
old chicks were already capable to distinguish small
differences in particle size. They also reported that
0.88 mm GMD diets were more consumed than 0.7
and 0.5 mm diets. The present work indicated a
maximum GMD limit for the first week of life;
particles higher than 0.80mm may negatively
influence bird feed intake. The total sodium level of
0.12% negatively affected BW and WG (p<0.001);
other sodium levels did not affect performance
(p>0.05). Feed intake showed a curvilinear response,
increasing up to 0.36% Na and then declining at
0.48% Na. There was a linear improvement in FC
with increasing sodium levels.

The regression analysis for FI and FC showed that
the best equation included all studied factors. Only
sodium level was significant for WG, whereas for BW

either sodium level or GMD were significant. The
maximum response for BW was obtained with 0.37%
Na and 0.791 mm of AGD. The maximum WG was
obtained with 0.37%Na. The best levels for FI were
43 g of IW, 0.794mm of AGD and 0.31%Na, whereas
for FC the levels were 38.3g of IW, 0.788mm of GMD
and 0.48%of sodium. Higher sodium levels in pre-starter
diets have been previously reported to stimulate FI
(Borges et al., 2002).

During the period from 1 to 21 days there were no
significant interactions (p>0.05) among the studied
factors. Light chicks (37g) still had significant less BW,
WG and FI at 21 d compared to the intermediate or
heavy chicks (p<0.001) (Table 3). Initial weight, on
the other hand, did not influence FC (p>0.05). The
pre-starter diet with GMD of 0.997mm still had
negative effects on the FI of 21 day-old chicks, when
compared to the intermediate particle size (p<0.02).
Nevertheless, GMD did not influence the other
variables. At 21 days, a sodium effect on BW and
WG remained; birds receiving 0.48%Na in pre-
starter diet had greater BW and WG than chicks
fed with a 0.12% sodium diet (p<0.03). None of the
factors affected FC significantly at 21 days on the
regression analysis. Maximum response for BW was
obtained with 0.40% Na and 42 g of IW. Maximum
WG was obtained with 42 g IW chicks. GMD and IW
influenced feed intake and maximum FI were obtained
with IW and AGD of 42 g and 0.754 mm, respectively.

Table 2 - Effect of chick weight (IW),  geometric mean diameter (GMD) and total sodium level in the diet on body weight (BW), weight
gain (WG), feed intake (FI) and feed conversion (FC) of broilers at 7 days of age.

IW (g) GMD (mm) Sodium (%)  BW (g)  WG (g)  FI (g) FC (g/g)

37 143 c 105 b 131 b 1.26 b
40 153 b 113 a 146 a 1.30 a
44 161 a 117 a 150 a 1.29 ab

0.561 149 b 108 b 139 b 1.29
0.783 159 a 118 a 148 a 1.26
0.997 150 b 109 b 140 b 1.29

0.12 137 b 96 b 138 b 1.43 a
0.24 156 a 115 a 145 ab 1.26 b
0.36 160 a 119 a 147 a 1.23 bc
0.48 157 a 116 a 140 ab 1.20 c

Probabilities
 IW 0.001 0.001 0.001 0.01
 AGD 0.001 0.001 0.01 0.18
 Sodium 0.001 0.001 0.03 0.001

Regression analysis
Variable  Equation P R2

BW (g) Y =-5.08+ 0.31 GMD + 273 Na � 0.0002 GMD2 � 368 Na2 0.0000 0.46
WG (g) Y = 68.73 + 277.9 Na � 374 Na2 0.0000 0.43
FI (g) Y = -932.9 + 43.9 IW+0.30GMD+160Na-0.51 IW2-0.0002GMD2-256Na2 0.0000 0.49

FC (g/g) Y = -2.80 + 0.23 IW � 0.0009 GMD � 1.99 Na � 0.003 IW2 � 0.0000 GMD2 + 2 Na2 0.0000 0.73
 abc - Means followed by different letters are different (p<0.05) by Tukey�s test.
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Yolk sac weight at 4 days and gizzard
weight at 7 days
Thirty seven-gram chicks had smaller yolk sac at 4

days than 40 and 44 g chicks (p<0.02). The other factors
did not affect this variable (Table 4). The importance
of yolk sac on the transition between embrionary life
and hatch life is well known. Murakami et al.(1988)
stated that the nutrients found in this structure
represent 50% of the energy and 43% of the protein
required by the chick at its first day of life, whereas
Dibner et al.(1998) argued that the protein and lipid
fractions of the yolk sac are probably more used for
cell membrane synthesis and to the maintenance of
passive immunity than for fulfil l ing energy
requirements. Noy & Sklan (1999) verified that even
fasted chicks had 80% of increment in the intestine
weight and in its protein content during the first 48
hours after hatch. The authors stated that this
increment resulted mostly from the yolk sac nutritional
reserves. The findings suggest that larger chicks have
higher probability of surviving due to heavier yolk sacs.

At 7 days of age it was possible to observe an effect
of GMD on gizzard weight. Gizzard was significantly
heavier in chicks receiving 0.997 and 0.783-mm diets
(p<0.001). Similar results have been reported for 42
day-old broilers (Ribeiro et al., 2002). The other factors
did not influence gizzard weight at 7 and 21 days.
Besides, GMD was no longer significant at 21 days.
Ribeiro et al.(2002) reported that gizzard weight in 42
day-old broilers was correlated positively with particle

Table 3 - Effect of chick weight (IW),  geometric mena diameter (GMD) and total sodium level in the diet on body weight (BW), weight
gain (WG), feed intake (FI) and feed conversion (FC) of broilers at 21 days of age.

IW (g) GMD (mm) Sodium (%) BW (g) WG (g) FI (g) FC (g/g)

37 779 b 741 b 1,080 b 1.46
40 817 a 766 a 1,132 a 1.46
44 819 a 755 a 1,137 a 1.47

0.561 812 771 1,113 ab 1.44
0.783 808 767 1,143 a 1.49
0.997 795 754 1,092 b 1.45

0.12 781 b 740 b 1,093 1.48
0.24 812 ab 772 ab 1,123 1.46
0.36 810 ab 769 ab 1,132 1.47
0.48 817 a 776 a 1,115 1.44

Probabilities
IW 0.001 0.004 0.002 0.97
AGD 0.30 0.30 0.02 0.06
Sodium 0.03 0.03 0.31 0.40

Regression analysis
Variable Equation P R2

BW Y = -2373 + 148IW + 339Na � 1.75 IW2 � 0.04Na2  0.0003 0.27
WG (g) Y = -2388 + 149IW + 89.45Na � 1.77IW2 0.0007 0.22
FI (g)  Y =-3491 + 196IW + 1.28GMD � 2.31IW2 � 0.0008GMD2  0.0003  0.27

abc - Means followed by different letters are different (p< 0.05) by Tukey�s test.

Water consumption
There was a significant interaction between initial

weight and sodium level (p<0.001) related to water
consumption (Table 5). Water consumption increased
linearly with chick initial weight up to 0.36% of sodium.
Nevertheless, water consumption was significantly
lower (p<0.05) when sodium level was 0.48% only for

size increments, within the range between 0.337 and
0.936 mm.

Table 4 - Effect of chick weight (IW), geometric mean diameter
(GMD) and total sodium level in the diet on the yolk sac weight
(YSW) at 4 days and relative gizzard weight (RGW) at 7 days of
age.

IW (g) GMD (mm) Sodium (%) YSW (g) RGW (g/100g)

37 0.26 b 4.43
40 0.54 a 4.47
44 0.55 a 4.58

0.561 0.48 4.07 b
0.783 0.51 4.71 a
0.997 0.37 4.70 a

0.12 0.63 4.57
0.24 0.41 4.35
0.36 0.37 4.47
0.48 0.40 4.59

Probabilities
 IW 0.02 0.60

 AGD 0.49                 0.001
Sodium 0.19 0.51

abc - Means followed by different letters are different (p<0.05) by
Tukey�s test.
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hand, no differences (p>0.05) were observed compared
to 0.36% Na diet (21.6; 21.7; 21.0 and 20.4% DM for
levels of 0.12; 0.24; 0.36 and 0.48% Na). Only the
highest level of sodium (0.48%) affected excreta DM
significantly (p<0.05), which was decreased (22% DM
at 0.48% and 25% DM at other levels). Sodium levels
from 0.12 to 0.36% did not affect excreta humidity
(p>0.05). These results are very important in practical
conditions, because pre-starter diets comprise higher
levels of sodium. Leeson & Summers (2001) reported a
linear relationship between early growth rate and total
sodium in the diet, and the maximum level to be used
is usually dictated by manure consistency. Additionally,
heavier chicks in the present study produced more
liquid excreta (25.5; 24.7; 23.1 for 37, 40 and 44-g
chicks, respectively). This fact could be explained by
the higher water consumption that heavier chicks
presented, as mentioned above (Table 5). Borges et
al.(1999) showed that diets containing 0.30 and 0.45%
of sodium did not increase litter humidity when
compared to commercial diets.

CONCLUSIONS

The results suggest that broilers respond to pre-
starter diets with different sodium levels or GMD and
these variables can significantly affect performance
results of 7-day-old chicks and also have impact on
the performance at 21 days of age. From 1 to 7 days
of age, either higher levels of sodium or GMD around
0.75 mm can stimulate feed intake. Initial chick weight
influences body weight at 21 days of age.
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