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Abstract: Effects of feed nutritive values on broiler performance are widely investigated. But, relationship
between feed macronutrients’ levels and layer-type chicks (male and female) retains little attention. However,
as for all developmental stages, starter diet composition may affect layer-type chick juvenile growth as well
as physiological parameters. A total of 684 Hisex Brown layer-type chicks were studied. Chicks were divided,
at random, into 3 groups with equal number of males and females: control, Low-Protein Diet (LP) and High
Metabolisable Energy Diet (HME). During rearing period, feed intakes were recorded and chicks were
weighed individually at the end of each week. Also, sample of chicks were used to weigh liver, at hatch and
at 7, 14 and 56 day-old and to collect blood for glucose, total protein and triglyceride levels determination.
Results indicate that layer-type chick growth rate, liver weight and feed efficiency were in following order HME
> control > LP. With regard to chick sex, male chicks of HME and control diets grew bhetter than female chicks
from d 7 onward. But, in LP group, the weights of male and female chicks were comparable up to 49 d-old.
At 7 d post-hatch, serum total protein and triglyceride levels of control chicks were higher than those of chicks
of LP group while the levels of HME group were comparable to those of the two other groups. For total protein
levels this trend lasted until 56 d of age. It can be concluded that low protein level of starter diet affects
negatively feed efficiency and layer-type chick juvenile growth while high level of metabolisable energy

improve feed efficiency and growth rate.
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INTRODUCTION

Energy and protein levels of diet, feed composition and
feed intake influences chicken production performances
(Buyse et af, 1992; Nieto et af., 1997; Collin ef af, 2003;
Camacho et al., 2004; Parsons et a/., 1993; Keshavarz
and Nakajima, 1995; Schutte and De Jong, 1994;
Swennen et alf, 2007) and plasma metabolites
(Gonzalez-Barranco and Rios-Torres 2004; Collin et af.,
2003; Swennen et af., 2005, 2006, Caldera ef af., 2007).
It was reported that an increase in dietary crude protein
increases body weight, weight again and improves feed
conversion rate (Gokceyrek and Ciftci, 2005). In addition,
Noy and Sklan (2002) started that chicks show a bell-
shaped response to increasing dietary crude protein
with maximum performance values at about 230 g/kg
crude protein. In experiments with crude protein ranging
from 160-280 g/kg with constant ratios of essential
amino acid to crude protein, performance was much
enhanced with high crude protein diets. In diets with
increased energy levels, feed intake is only slightly
decreased. Chicks do not increase feed intake when low
energy diets are given during the first week post-hatch.
It is assumed that when diets with isoenergetic
substitutions between protein, fat or carbohydrates were

given, chicks appeared to be more susceptible to low
levels of dietary protein than to the levels of
carbohydrates and lipids (Careghi, unpublished).
Although effects of feed nutritive values on broiler
performance are widely investigated, relationship
between feed macronutrients’ levels and layer-type
chicks (male and female) retains little attention.
However, layer-type chick juvenile performance may be
related to egg production performance. It can be
hypothesized that, as broiler chick, starter diet
composition may affect layer-type chick juvenile growth
and physiological parameters. Also, the effects of diets
macronutrient composition may different according to
the chick sex because of their different growth trajectory.
In sub-Saharan Africa countries, feed nutritive values
retained very little attention. Oftenly, each poultry farmer
formulates its own feed ration without valuable
background or enough knowledge of feed ingredients.
As consequence, feed provided to animals do not fit well
with the needs of chickens in matter of crude protein and
energy levels. However, it is generally recommended to
increase dietary energy levels in hot climatic zone of
about 10% above standards. Therefore, the aim of this
study was to investigate the effect of low-protein or high-
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energy diets compared to standard diet on layer-type
chick juvenile performance and blood parameters in
relation to chick sex.

MATERIALS AND METHODS

Experimental design: A total of 684 Hisex Brown layer-
type chicks (342 males and 342 females) produced by
Laboratory of Poultry Sciences, University of Lome were
studied. Chicks were divided, at random, into 3 groups
of 228 chicks with equal number of males and females:
control, Low-Protein Diet (LP) and High Metabolisable
Energy Diet (HME). Table 1 shows levels of ME and
crude protein of each diet. Within each group, chicks
were divided into two replications of 57 males and 57
females each. During rearing period, feed intakes were
recorded and chicks were weighed individually at the
end of each week. Also, sample of chicks were used o
collect blood and to weigh liver, at hatch and at 7, 14 and
56 day post-hatch. Data collected are used to determine
daily feed intake, body weigh gain, feed conversion ratio
and liver weigh/body ratio. Blood samples were
centrifuged and serum was collected for measurement
of glucose, total protein and triglycerides levels.

Table 1: Metabolisable energy and crude protein levels of
different diets

Diet ME (kcal/kg) Protein (%)

Control 2830 20

Low-Protein (LP) 2800 16

High ME (HME) 2050 20

Glucose, triglyceride and total proteins levels

determination: For glucose, triglyceride and total protein
concentration measurements, blood samples were
collected from day-old chicks and at 7, 14 and 56 d of
age. Within each pen, blood samples were collected
from 8 chicks at each stage. Triglyceride, glucose and
total protein were measured in serum samples by
colorimetric analysis. Total protein liquicolor, glucose
liguicolor and triglycerides liquicolor provided by Human
Gmbh (65205 Wiesbaden-Germany) were used for,
respectively, total proteins, glucose and triglyceride
concentration determinations. All samples were run in
the same assay in order to avoid inter-assay variability.

Statistical analysis: The data were processed with a
statistical software package of SYSTAT 11. The effects of
diets and chick on chick or liver weight, feed intake,
concentrations of triglyceride, total protein or glucose
were analyzed using a two-way, fixed effects ANOVA
model (Neter et af., 1996). A probabhility value of 0.05 was
retained as the degree of significance. The model was
as follows:

Yijk =g + ai + Bj + afij = eijk

Where, Yik = Chick or liver weight, feed intake,
concentrations of triglyceride, total protein or glucose of
chick k of sex i and fed with diet |, g =overall mean,
ai = main effect of chick sex i, #j = main effect of
diet j, afij =interaction between sex of chick and
diet and eijk = random error term.

RESULTS

Body weight: Table 2 indicates that day-old chick
weights were similar between sex and feed treatments.
Irrespective of chick sex and in all feed treatment groups,
chick weight increased with increasing age. Overall,
male chicks of HME and control diets grew better than
female chicks from d 7 onward (p<0.05). But, in LP
group, the weights of male and female chicks were
comparable up to 49 d-old. From d 14 onward, HME
group chick weights increased more rapidly than those
of the two other diets groups {p<0.05). Although male
chicks weights of control diet were higher than those of
LP diet group from d 7 until d 56 of age, female chick
weights did not follow the same trend.

Feed intake and feed conversion ratio: Figure 1 shows
daily feed intake according to feed treatment and the sex
of chick. In all diet groups, female chicks consumed
more feed than male chicks (p<0.05). Overall, feed
intake of LP chicks was lower than that of chicks from
HME and control groups {p<0.05). With regard to chick
sex, feed intakes were in following order: LP < HME =
Control and HME < LP = Control; respectively for male
and female chicks {p<0.05).

Table 2: Chick weights according to developmental stage, feed treatment and chick sex

Low-protein diet High energy diet Control
Developmental
stage Male Female Male Female Male Female
d-old 41.54+0.29° 41.31£0.30° 41.82+0.30° 41.57+0.57° 41.17+0.43° 41.87+0.42°
7d-old 63.00+1.02¢ 61.81+0.99¢ 73.15£0.97° 68.56+1.28° 72.72+1.142 67.84+1.42°
14d-old 102.85+2.214 103.23£1.94¢ 131.00+£2.38° 121.53+2.65° 124.04+2 .46 111.03+3.30°
21d-old 152.50+3.304 152.864£3.58¢ 196.63+4.35° 178.70+4.60° 188.21+4.53" 152.7245.59¢
28d-old 190.31+4.84° 191.86+5.56° 245.26+525° 211.73+6.02° 216.375.31° 177.00+6.78°
35d-old 231.27+7.09° 232277 .70 200.62+593 258.5045.97° 280.6846.90° 236.82+9.74°
42d-old 261.6048.88° 265.55+9.40° 360.88+6.82° 313.06+8.75° 338.3018.56" 287.00+12.75°
49d-old 340.41+10.36° 327.68+11.94° 470.00+9.12¢ 412.90+12.48° 434.51+11.78° 352.26+15.86°
56d-old 402.2012.23" 363.10+13.24° 557.00+9.96° 483.00+14.86° 512.86+15.27" 440.61+16.74

a.5.¢.5 ¢ Within lines, data sharing no commaon letter are different
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Fig. 1: Daily feed intake according to feed treatment and
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Fig. 2: Feed conversion ratio according to feed treatment
and the chick sex. *®“Data sharing no common
letter are different between feed treatments for
female chicks. **“Data sharing no common letter
are different between feed treatments for male
chicks

Figure 2 indicates that feed conversion ratic was in the
following order for both female and male chicks: LP =
Control > HME (p<0.01).

Liver weight: Figure 3 shows liver weights at 56 d of age
according to feed treatment groups and chick sex.
Chicks fed with LP diet had lower liver weight compared
to those of HME and control groups (p<0.0%). With
regard to chick sex, liver weights were similar between
male and female chicks of LP group while, in HME and
control diet groups, liver of male chicks were heavier
than those of female chicks (p<0.05).

Serum parameters: Serum concentrations in  of
glucose, triglyceride and total protein are shown in Table
3. At each developmental stage, glucose levels were not
affected by feed treatment. With regard to developmental
stage, serum total protein levels were higher at 7 d
compared to 14 d and 56 d of age. From d 7 onward,
serum total protein levels of control chicks were higher
than those of chicks of LP group (p<0.05) while the
levels of HME group were comparable to those of the

14 1 O Male O Female

*

13 7

12 1

11 1

Liver weight (g)

10 1

LP HME Control

Croups

Fig. 3: Liver weight according to feed treatment and chick
sex. *Indicates difference between male and
female chicks (p<0.05)

Table 3: Serum concentrations of glucose, triglyceride and total protein according to developmental stage and feed treatment

Serum parameter Developmental stage (d) Low-protein High energy Control
Glucose 7 165.32+11.47 153.10£7.05 136.12418.00
14 134.69£13.25 115.50+£8.86 112.75£20.03
56 165.65+6.09 159.204£5.54 153.3045.67
Totalprotein 7 3.78+0.26° 4.1740.39%" 4.83+0.29°
14 2.23+0.21° 2.79+0.27% 3.1840.36°
56 3.12+0.220 3.5640.21% 3.69+0.26°
Triglyceride 7 248.25+34.89° 353.64+46.80° 355.92453.322
14 71.16x10.21° 85.03+27.37° 98.68+12.56°
56 80.12+20.89° 91.66+20.59° 52.24+9.54°

2PWWithin lines, data sharing no commaon letter are different (p<0.05)
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two other groups. Triglyceride concentrations were
significantly higher at d 7 compared to those of d 14 and
d 56 which were similar. At d 7 post-hatch, triglyceride
levels were lower in chick of LP group compared to
those of HME and control groups which were similar. At
d 14 and d 58, feed treatments did not affect triglyceride
levels.

DISCUSSION

This study examined the effects of low protein and high
energy levels in the starter diet on performance of layer-
type chicks until 8 wk of age. Body and liver weights, feed
intake and feed conversion were influenced differently by
diet protein or energy levels as well as chick sex. Also,
serum levels of ftriglyceride and total protein were
affected by the dietary protein or energy levels.
Surprisingly, daily feed intake of chicks from LP group
was lower compared to that of chicks fed with control
and HME diets. This low feed intake of chicks from LP
group is contrary to report of Smith and Pesti (1998),
Sklan and Plavnik (2002) who pointed out that low
nutritive value leads to hyperphagia. Lake of hyperphagia
of chicks of LP group may be partly due to low appetite of
the diets which may be pronounced by climatic
conditions of rearing (temperature 28-37°C and relative
humidity about 40-60%) (Tur and Rial, 1985). High feed
consumption of control group compared to HME group
may be explained by low energy level in control diet
compared to HME. But, in term of energy intake, HME
chicks consumed more energy than those of the two
other groups indicating that because of limited feed
ingestion level of chick, dietary energy level should be
increased when climatic conditions do not favour
appetite. Interestingly, dietary low-protein or high energy
levels affected negatively or positively body weight,
respectively. Irrespective of feed treatments, increasing
chick weights during rearing period followed the same
trend. However, growth rates as well as feed intakes
were not similar between feed treatments. Chicks fed
with HME diet grew better than those of control group
which had better growth rate than those of LP group.
This difference between growth rate with regard to diet
protein or energy levels indicates that diet level of
macronutrients influences layer-type chick growth rate
during starter period. Lower body weights of chicks fed
with LP diet suggests that chicks are more susceptible,
irrespective to sex of layer-type chick, to low levels of
dietary protein, since protein is the building blocks
needed for growth. These results are the line of reports
of Alster and Carew (1984) who pointed out that low
protein diet affects negatively body weight of growing
chicken. Also, Nieto et al. (1997) and Collin ef a/. (2003)
reported that broiler chick fed with low protein diet
retained less energy as protein than can be translated
into protein retention. The slower growth rate of chicks
fed with LP diet is most likely the consequence of their
reduced cumulative protein consumption (Suthama ef
al., 1991; Malheiros et al., 2003).

The faster growth rate of chicks of HME diet than this of
chicks of control group may be due to the use of energy
for efficient retention of protein for growth. This result is
in line with a report of Stubbs (1995) who pointed out
that increasing energy intake leads to decreased protein
oxidation. Also, Rama Raoc et al. (2006) reported that
higher metabisable diet improve broiler performance up
to slaughter age.

With regard to chick sex, it is well known that anabolisant
effect of testosterone leads to faster growth rate in male
chicks compare to female chicks. Also, this study
revealed that although male chicks consumed less than
female, they grew better than female chicks. However,
lake of difference in weights of male and female chicks
fed with LP diet suggests that their unknown factors
which favour fast growth rate of male chicks. This lake of
difference of weights between chick sexes, at least up to
7 wk of age, requires more investigations.

Spectacular decrease of triglycerides concentrations
from 7 d to 14 d of age may be due to the fact that
triglycerides are important energetic products particularly
used by chicks for growth performance (Swennen et al,
2007; Zhan et al, 2007; Caldera et al.,, 2007). Lake in
differences of glucose concentrations with regard to feed
treatment may be explained by the strict regulation of the
carbohydrate metabolism in the chicken (Belo et al,
1976; Simon, 1989; Reisenfeld et al., 1982; Gonzalez-
Barranco and Rios-Torres, 2004).

It is concluded that low protein level of starter diet affects
negatively feed efficiency and layer-type chick juvenile
growth while high level of metabolisable energy improve
feed efficiency and growth rate. With regard to chick sex,
male chick growth better with less feed intake and this is
more pronocunced with increasing dietary macronutrients
levels. It is recommended to increase dietary levels of
protein and energy when environmental conditions do
not favor feed intake.

ACKNOWLEDGEMENTS

This work was supported by Flemish Interuniversity
Council (VLIR) (ZEIN 2006 PR 32). The authors thank
KUL, RUG and UL for facilitating project activities
implementation. We also appreciate assistance of Prof.
O. Onagbesan, University of Agriculture, Aboekuta,
Nigeria for his critical reading.

REFERENCES

Alster, F.A. and F.A. Carew, 1984. Energy balance and
thyroid function in protein-deficient chicks. Nutr.
Rep. Int., 30: 1231-1240.

Belo, P.S., D.R. Romsos and G.A. Leveille, 1976. Blood
metabolites and glucose metabolism in the fed and
fasted chickens. The J. Nutr., 106: 1135-1145.

Buyse, J., E. Decuypere, L. Bergham, E.R. Kuhn and F.
Vandesande, 1992. The effect of dietary protein
content on episodic growth hormone secretion and
on heat production of male broilers. Br. Poult. Sci,,
33:1101-1108.

11359



Int. J. Pouft. Sci,, 8 (12). 1156-1160, 2010

Caldera, R.M., AT. Bed, C.C. Santos, M.|. Vazquez and
A V. Portugal, 2007. The effect of body condition
score on blood metabolites and hormonal profiles
in ewes. Small Rumin. Res., 68: 233-241,

Camacho, M.A_, M.E. Suarez, J.G. Herrera, J.M. Cuca and
C.M. Carcia-Bojalil, 2004. Effect of age of feed
restriction and micrcelement supplementation to
control ascites on production and carcass
characteristics of broilers. Poult. Sci., 83: 526-532.

Collin, A., R.D. Malheiros, V.M.B. Moras, P. Van As, V.M.
Darras, M. Taouis, E. Decuypere and J. Buyse,
2003. Effects of dietary macronutrient content on
energy metabolism and uncoupling ptotein mRNA
expression in broiler chickens. Br. J. Nutr., 90: 261-
269.

Gokceyrek, D. and |. Ciftci, 2005. Effects of delayed
access to feed and different crude protein levels in
broiler chicks after hatching 2. Physical Dev.
Digestive Syst., pp: 595-597.

Gonzalez-Barranco, J. and J.M. Rios-Torres, 2004. Early
malnutrition and metabolic abnormalities later in
life. Nutr. Rev., 62: $134-5139.

Keshavarz, K. and S. Nakajima, 1995. The effect of
dietary manipulations of energy, protein and fat
during the growing and laying pericds on early egg
weigh and egg components. Poult. Sci., 74: 50-61.

Malheiros, R.D., V.M.B. Moraes, A. Collin, G.P.J
Janssens, E. Decuypere and J. Buyse, 2003.
Dietary macronutrients, endocrine functioning and
intermediary metabolism in broiler chickens:
Pairwise substitutions between protein, fat and
carbohydrate. Nutr. Res., 23: 567-578.

Neter, J., M.H. Kutner, C.J. Nachtsheim and W.
Wasserman, 1996. Applied Linear Statistical
Models. Irwin, Boston, MA.

Nieto, R., J.F. Anguilera, |. Fernandez-Figares and C.
Prieto, 1997. Effect of low-protein diet on the energy
metabolism of growing chickens. Arch. Tierernahr.,,
50: 105-109.

Noy, Y. and D. Sklan, 2002. Nutrient use in chicks during
the first week posthatch. Poult. Sci., 81: 391-399.

Parsons, C.M., KW. Koelkebeck, Y. Zhang, W. Wang and
W. Leeper, 1993. Effect of dietary protein and added
fat levels on performance of young laying hens. J.
Appl. Poult. Res., 2: 214-220.

Rama Rag, S.V., M.V. Raju, A.K. Panda and M.R. Reddy,
2006. Sunflower seed meal as a substitute for
soybean meal in commercial broiler chicken diets.
Br. Poult. Sci., 47: 592-598.

Reisenfeld, G.A., A. Geva and S. Hurwitz, 1982. Glucose
homeostasis in the chicken. The J. Nutr., 112:
2261-2266.

Schutte, J.B. and J. De Jong, 1994. Requirement of the
laying hen for sulfur amino acids. Poult. Sci., 73:
274-280.

Simon, J., 1989. Chickens as a useful species for the
comprehension of insulin action. CSC Crit. Rev.
Poult. Biol., 2: 121-148.

Sklan, D. and |. Plavnik, 2002. Interactions between
dietary crude protein and essential amino acids
intake on performance of broilers. Br. Poult. Sci., 43:
442-449

Smith, ER. and G.M. Pesti, 1998. Influence of broiler
strain cross and dietary protein on the performance
of broilers. Poult. Sci., 77: 276-281.

Stubbs, R.J., 1995. Macronutrient effects on appetite. Int.
J. Obes., 19: S11-519.

Suthama, N., K. Hayashi, M. Toyomizu and Y. Tomita,
1991. Interactions of exogeneous thyroxine and
dietary protein levels on growth and muscle protein
metabolism in broiler chickens. J. Poult. Sci., 28: 1-
10.

Swennen, Q., G.P.J. Janssens, A. Collin, E. Le Bihan-
Duval, K. Verbeke, E. Decuypere and J. Buyse,
2006. Diet-induced thermogenesis and glucose
oxidation in broiler chickens. Influence of Genotype
and Diet Composition. Poult. Sci., 85: 731-742.

Swennen, Q., G.P.J. Janssens, S. Millet, G. Vansant, E.
Decuypere and J. Buyse, 2005. Effects of
substitution between fat and protein on feed intake
and its regulatory mechanisms in broiler chickens:
Endocrine functioning and intermediary
metabolism. Poult. Sci., 84: 1051-1057.

Swennen, Q., C. Laroye, G.P.J. Janssens, K. Verbeke, E.
Deecuypere and J. Buyse, 2007. Rate of metabolic
decarboxylation of leucine as assessed by a
L [1-" C1] leucine breath test combined with indirect
calorimetry of broiler chickens fed isocaloric diets
with different protein: fat ratio. J. Anim. Physiol.
Anim. Nutr., 91: 347-354.

Tur, JA. and R.V. Rial, 1985. The effect of temperature
and relative humidity on gastro-intestinal motility of
young broilers. Comp. Biochem. Physiol., {(A) 80:
481-486.

Zhan, X A., M. Wang, H. Ren, RQ. Zhao, J.X. Liand Z.L.
Tan, 2007. Effect of early feed restriction on
metabolic programming and compensatory growth
in broiler chickens. Poult. Sci., 86: 654-660.

1160



	IJPS.pdf
	Page 1


