Nutrition of the Modern Broiler

Fernando Rutz, José Luiz Rech, Marcos A
Anciuti and Eduardo Gongalves Xavier

Universidade Federa de Pelotas - Brazil

By exposing broilers to good environmental conditions and appropriate
nutrition it is possible to produce annually birds 40 grams heavier, with 1%
less feed consumption, along with an increase in 0.2% carcass yield and a
reduction of 0.4 days in slaughtering age.

Phase feeding program: The age and rate of growth of broilers determines
which one of the nutrients is going to preferably be stored in the body at a
certain point in time. Therefore, animals have different nutritiona
requirements throughout their growing period. For example, Kalinowski et
a. (2003) compared slow-and fast-feathering male broilers from O to 3
weeks of age and reported a direct effect of age on methionine and cysteine
requirements. However, only cysteine requirement was affected by the
feathering rate.

Nutritionists formulate diets to meet nutritional requirements of the birds.
However, there is not a general consensus on the number of diets to be
formulated. The broiler industry uses a 3 to 5-phase feeding program. A
three-phase feeding program consists of offering a starter, agrower and a
finisher diet. By adding one more diet (pre-starter), a four-phase feeding
program is established. Feeding broilers several diets throughout the
growing period brings about a potentia improvement in growth
performance. However, severa authors comparing 3 to 5 phase feeding
programs (Shiroma et al., 1996) or more (Buteri, 2003) have not observed
Improvement in growth performance, but a consistent reduction in feed cost.
The Broiler diet specifications commonly used by some Brazilian poultry
industries can be observed in the following table. Vitamin and mineral
levels are not shown.



Table. Brazilian Broiler diet specifications

Pre - Starter Growe Growerll  Withdrawal
starter ri
1-7days 8 - 22-28 29-36 37 - 42 days
21days days days

ME ( kcal/kg) 3.000 3.100 3.180 3.200 3.200
Crude Protein 23.0 21.0 20.0 19.5 19.5
(%)

Calcium (%) 1.0 1.0 1.0 0.95 0.95
Avaphos (%) . 05 0.5 0.45 0.45 0.45
Potassium (%) 0.91 0.81 0.71 0.76 0.67
Sodium (%) 0.24 0.24 0.20 0.20 0.20
Chloride (%) . 0.26 0.26 0.22 0.23 0.23
Dig. Methionine 0.58 0.58 0.50 0.48 0.46
(%)

Dig. Met + Cys 0.86 0.84 0.77 0.72 0.72
(%)

Dig. Lysine (%) 1.15 1.12 1.03 0.90 0.93
Dig. Threonine 0.71 0.70 0.65 0.61 0.63
(%)

Dig. Tryptophan 0.22 0.20 0.18 0.18 0.17
(%)

Na + K - Cl (mEg 265 238 205 216 196
/ kg)

Pre-starter diet: The first 10 days of age are critical for broiler
performance at slaughtering. The chick undergoes severa physiological
developments. The gastrointestinal tract is the organ that undergoes most
aterations. At the end of first week of life, the intestinal tract will be five
times as long as the whole body size and the intestinal villi will develop
twice as much. The complete functional maturity is reached by 20 to 30 days
of age (Ito et a., 2000). In addition, chicks show low levels of pancreatic
and intestinal enzymes at hatch (Freitas, 2003). However, an improvement in
their pancreatic secretion and in their intestinal development, can be induced
by feeding chicks as early as possible. Shapiro et a (1997) have indicated
that the production of dissacharidases, like maltases, is a limiting factor in
the digestion of carbohydrates. Besides, young chicks are not able to digest
fat, mainly saturated fat, due to low levels of bile sats (Lesson and
Summers, 2001).

The metabolizable energy content of ingredients shown in tables for young
chicks is generally overestimated (Nir, 1998). Actuadly, there is a graded



Improvement in the metabolizable energy and in lysine availability up to 14
and 10 days of age, respectively. The dietary protein ought to be higher
during the first days of life. According to Penz and Vieira (1998), a high
protein diet results in an increase in heat increment, due to catabolism of
exceeding amino acids contributing in maintenance of body temperature
during the earlier period of the chick’s life. On the other hand, Rostagno et
a. (2003a) have shown that a pre-starter diet may be able to have a low
protein level aslong as essential amino acids are added to the diets.

The dietary sodium requirements proposed by the NRC (1994), are far
below those proposed by Maiorka et a (1998), 0.40%. The level of dietary
sodium, influences water intake. However, Penz and Vieira (1998) have
shown that the amount of water excreted does not interfere in the quality of
the litter.

The size of the beak determines the size of feed the bird prefers. Feeding
very small particles increases waste of feed and reduces the growth
performance. Zanoto et al. (1996), have indicated that feeding broilers (1-21
days of age) crumble diets brings about better growth performance than
mash diets. Krabbe (2000) concluded that 780 to 997 micra particle size was
ideal for broilers up to 21 days of age.

Feeding newly hatched chicks specia solid or liquid diets brings about an
improvement in growth performance. Toledo (2001) added a nutritive
solution in the drinking water for birds during 7 days and observed an
improvement in weight gain from 1 to 21 days and from 1 to 40 days of age.

Vegetable diets for broilers: Animal originated sources of feed have not
been allowed to be used by the European Community since the year 2000,
due to the mad cow disease problem. Therefore, aternative sources of
protein and nucleotides have been investigated. It is important to point out
that animal origin sources contain high protein, high nucleotides and low
potassium content. The banning of use of animal origin sources resultsin an
increase in inclusion of soybean meal, which is rich in potassium. In this
case, the birds drink more water, which results in higher litter humidity.

Oliveira (2002) indicated that potassium levels of 0.628, 0.714 and 0.798%
of the diet were required to maximize weight gain of broilers from 8 to 21,
22 to 42 and 43 to 53 days of age, respectively. An increase in water intake
was observed by adding increasing levels of potassium to the diets. The
author concluded that straight vegetable diets bring about an increase of 1



liter of water/month, as compared to those birds fed diets containing animal
origin sources.

The commercia availability of several synthetic amino acids alowed the
concept of ideal protein to be realized. Lysine leve is usually the basis of
balance and for estimating the requirements of other amino acids. The
information on the levels of methionine, lysine, tryptophan, and threonine, to
be used in the diet are fairly good. However, other amino acids may become
limiting in broilers fed a low protein diet. Rostagno et a (2004) indicated
that special attention should be given to glycine + serine during pre-starter
diets and isoleucine and leucine during finisher phase.

Interaction between nutrition and the immune system: Under normal
raising conditions, birds are constantly being challenged by microorganisms.
The immunologica response results in a lot of energy consumption and an
increase in basal metabolism. Consequently, chalenged birds show a
reduction in growth performance.

Severa nutrients are involved with the immune system. Tsiagbe et a (1987)
showed that levels of methionine, higher than those required for growth
performance, enhance the immune response of broilers. Colnago et .
(1983), reported that a diet containing 0.25 ppm Selenium (Se) with or
without 100 IU vitamin E reduced mortality of broilers with pae bird
syndrome. Vitamin E enhances immunology by increasing lymphocyte
proliferation, and has a postive effect on the interaction between
lymphocytes B and T and inhibition of substances that prevent proliferation
of lymphocytes T. Vitamin A deficiency also results in a reduction of the
Immune function. Sklan et a (1994) fed broilers diets containing graded
levels of vitamin A (0 to 44,000 1U/kg) and observed an improvement of the
Immune response by feeding diets containing 22,200 1U/kg.

Feed additives. The beneficial effect of phytases (Hatten et al., 2001), beta-
gluconases and arabinoxylanases (Bedford, 1993), in broiler diets is well
known. For quite a number of years, severa researchers have proposed
several enzyme complexes to improve the use of corn-soy diets, due to
differences in composition and nutritional quality of those ingredients.
Zanella et al. (1999), have shown an improvement in nutrient digestibility
and in growth performance of broilers fed an enzyme complex (amylase,
protease and xylanase). Rostagno et al (2003b), fed broilers a corn-soy diet
containing an enzyme complex (protease, cellulose and amylase) and
observed an improvement in ilea protein digestibility (+3%), energy



(+1.3%), phosphorus (+4.7%) and calcium (+7.9%). Brito (2003) compared
the performance of broilers fed diets containing under-processed, ideally
processed, or over-processed full-fat soybean with or without the addition of
an enzyme complex. The author observed that the addition of the enzyme
complex improved the weight gain and the metabolizable energy of the
soybean. An improvement in ileal protein digestibility was observed only in
birds fed under-heated soybean. In general, studies demonstrate that the
beneficia effect of the addition of enzymes to the diets is better observed in
starter than in finisher diets of broilers.

By January 1, 2006 the use of antibiotics as growth promoters will be
completely banned by the European Union. Several aternatives have been
Investigated to replace antibiotics as growth promoters, like probiotics and
prebiotics.

Probiotics alter the intestinal microflora, influencing the animal health.
Lactobacillus, Bifidobacterium, Enterococcus, Streptococcus, Bacillus and
Yeast are among the most well known probiotics. These products work
better for chicks if offered right after hatch. Fritts et a. (2000) reported that
probiotic organisms could be horizontally transferred among birds.
However, results obtained with studies with probiotics for chicks have not
been unanimous in the literature. The reason may reside in the differing
environmental and stress conditions of the birds, considering different
research facilities (Patterson and Burkholder, 2003).

Prebiotics are substances that suffer no influence from digestive enzymes,
but they stimulate the growth or activity of non-pathogenic bacteria in the
intestine. These non-digestible carbohydrates are caled mannan
oligosaccharides (MOS). According to Hooge et a. (2003), MOS are
derived from the outer layer of yeast cell walls. The ideato use yeast MOS
in poultry feeds evolved from the concept that certain sugars, particularly
mannose, block the colonization of intestinal pathogens such as Salmonella
and Escherichia coli, from attaching to intestinal mannose, proliferating and
producing toxins. Besides, MOS enhances immunocompetence. Petersen
and Villaldsen (2002) conducted 2 trials (36 and 38 days) and showed
Improvements in body weight by + 5.45 and + 4.56, feed conversion ratio by
-4.88 and -2.42% and mortality by -24.2 and -22.2%, respectively.

Fructooligosaccharides (FOS), are non-digestible oligosaccharides. They can
be substituted for antibiotics to enhance the growth performance of broilers
(Wu et al., 1999). The FOS are quantitatively available as substrates for
gastrointestinal microflora (Roberfroid et al., 1998) and have been shown to



enhance the growth of desirable organisms, and inhibit the growth of
pathogenic bacteria (Xu et a., 2003).

Organic minerals. Organic or chelated sources of trace elements are
frequently described as proteinates. Organic minerals may utilize peptide
or amino acid uptake pathways rather than normal mineral ion uptake
pathways in the small intestine. This prevents competition between minerals
for the same uptake carrier. Not only is bioavailability therefore higher, but
these mineral forms are more readily transported, and their intestinal
absorption is also enhanced. They are more stable and are protected
biochemically from the adverse reactions with other dietary nutrients, which
could reduce their rate of absorption (Close, 1998).

Broilers fed organic selenium showed an improvement in growth
performance (Arruda et al., 2004) and carcass quality (Choct and Naylor,
2004). A recent study (Rossi et al., 2004) has shown that the combination of
organic selenium with organic zinc brought about an improvement in skin
guality. In addition, high levels of organic zinc enhance the
Immunocompetence of broilers (Bartlett and Smith, 2003). Besides, Leeson,
cited by Sacranie (2003), indicated that the total amount of inorganic
minerals in a broiler premix could be totally replaced by 20% organic
minerals without affecting growth performance and, at the same time,
reducing the environmental contamination.
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