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ABSTRACT - The objective of this study was to estimate the values of apparent metabolizable energy and apparent
metabolizable energy corrected for nitrogen balance and determine the chemical composition of the following feedstuffs:
babassu meal, sunflower meal, corn gluten meal, babassu starch flour, meat and bones meal, beans, millet, cookies residue, pasta
residue and bread-making residue. The traditional method of excreta collection was used with broilers in the period of 14 to
24 days of age, which were distributed in a completely randomized design with eleven treatments and six replicates of six birds
each. Each feedstuff replaced the reference diet at levels of 30 or 40% depending on the type of feedstuff. Chicks were housed
in cages fitted with trays to collect the excreta. The apparent metabolizable energy corrected for nitrogen balance (kcal/kg)
on the natural matter of feedstuffs were: babassu meal, 1,116; sunflower meal, 1,607; corn gluten meal, 3,826; babassu flour
starch, 1,731; meat and bone flour, 2,524; common beans, 693; millet, 3,046; cookies residue, 3,351; pasta residue, 3,543
and bread-making residue, 3,494.
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Introduction

The Brazilian poultry industry is an economic activity
that plays major role in the structure of agriculture in Brazil,
as a constant challenge for the technicians to achieve
greater productivity with lower costs.

Despite the good knowledge of feedstuffs commonly
used in poultry, it is known that there are variations in their
compositions: for geographical regions, soil fertility, genetic
variability of cultivars, forms of storage and processing of
vegetable grains, as well as composition and method of
obtaining products of animal origin are factors that influence
the nutritional value of feedstuffs.

The constant evaluation of the nutritional value and
energy of feedstuff to be used in feed formulation for
broilers is important because it more adequately meets the
nutritional needs of animals (Morata et al., 2008).

It is known that the formulation of poultry feed is mainly
based on corn and soybeans; however, the availability of
these grains is variable, depending on region and time of
year, thus leading to variations in the costs of these raw
materials, directly affecting the profitability in poultry.
Therefore, an alternative to increase efficiency in animal

production is the use of alternative feedstuffs, replacing
the corn and soybeans in feed formulation, which might
even be economical; however, it is necessary to know the
nutritional values   of feeds, so that rations can adequately
meet the nutritional requirements of animals.

Thus, this study aimed to estimate the chemical
composition, the values   of apparent metabolizable energy
(AME) and apparent metabolizable energy corrected by
nitrogen balance (AMEn) of the following feedstuffs:
babassu meal, sunflower meal, corn gluten meal, babassu
starch flour, meat and bones meals, beans, millet and residues
of cookies, pasta and bread-making.

Material and Methods

A biological essay was conducted in the Poultry Section
of the Department of Animal Science, Universidade Federal
de Viçosa, using the traditional method of total excreta
collection, with growing broiler chicks during the period
from 14 to 24 days old.

Chicks were housed in the floor of the first 14 days of
age in a brick shed and then transferred to batteries, where
the bioassay was conducted.
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Three hundred and ninety-six male broilers of the Cobb
commercial strain were distributed in a completely randomized
design with eleven treatments (ten feedstuffs and one
reference diet) and six replicates with six chickens each.

The reference diet (Table 1) was formulated based on
corn and soybean meal, with 200 g of crude protein (CP)/kg
diet and 3,000 kcal of metabolizable energy (ME)/kg diet.

The protein feedstuffs (sunflower meal, corn gluten
meal, meat and bones meal and beans) were added to the
reference diet at a ratio of 30% and the energy feedstuffs
(babassu meal, babassu starch flour, millet, residues from
cookies, pasta and bread-making) were added to the reference
diet at 40%, which constituted the test diets.

The diets were fed ad libitum for a period of 10 days;
the first five days for adaptation to the diets of birds and
cages, and the last five days for the total collection of
excreta from each experimental unit at intervals of 12 hours
between each collection.

The collecting trays, covered with plastic, were placed
under the floor of each experimental unit. Metal cages
were equipped with trough type feeders and nipple
drinkers. No light program was adopted during the
experimental period.

The excreta collected were packed in plastic bags,
properly identified, weighed and kept in freezer until the end
of the collection period. After the collection, samples were
homogenized and aliquots were taken, which were placed in
a forced ventilation oven at 60 °C for pre-drying for 72
hours. Subsequently, the necessary laboratory tests were
carried out (dry matter, nitrogen and gross energy) at the

Laboratory of Animal Nutrition Department of Animal
Science, Universidade Federal de Viçosa, according to the
methodology described by Silva & Queiroz (2002).

At the end of the experiment, the amount of feed
consumed per experimental unit during the five days of
collection was determined.

Once the results of laboratory testing of feedstuffs,
reference diet, test diets and excreta were obtained, values
of apparent metabolizable energy (AME) and values of
corrected apparent metabolizable energy (AMEn) were
calculated, by means of equations  proposed by Matterson
et al. (1965):
AMETR = GEcons. - GEexc.
                         DMcons.
AMERR = GEcons. – GEexc.
                         DMcons.
AMEFEEDSTUFF = MERR + (METR - MERR)
                                             g/g substitution
AMEnTR = (GEcons. - GEexc.) -  8,22 x NB
                                    DMcons.
AMERR = (GEcons. – GEexc.) - 8,22 x NB
                                  DMcons.
AMEnFEEDSTUFF = MEnRR + (MEnTR - MEnRR)
                                      g/g substitution
NB = Ncons. – (Nexc. – Nexc.End.)
where METR = apparent metabolizable energy of the test
ration; MERR = apparent metabolizable energy of the
reference ration; MEFEEDSTUFF = apparent metabolizable
energy of the feedstuff; AMEnTR = corrected apparent
metabolizable energy of the test ration; AMEnRR = corrected

Composition (g/kg natural matter) Calculated composition

Ingredients Value Nutrients Value

Corn 614.9 Metabolizable energy (kcal/kg) 3,000
Soybean meal 324.1 Crude protein (g/kg) 200.0
Soybean oil 19.3 Digestible lysine (g/kg) 12.0
Dicalcium phosphate 1.85 Digestible methionine (g/kg) 5 .4
Limestone 9 .1 Digestible methionine + cystine (g/kg) 8 .2
Salt 5 . 1 Digestible threonine (g/kg) 6 .7
L-lysine HCl (98%) 3 .2 Digestible thriptophan (g/kg) 2 .2
DL-methionine (99%) 2 .6 Calcium (g/kg) 9 .0
Vitamin mixture1 1 .0 Available phosphorus (g/kg) 4 .5
Mineral mixture2 0 .5 Sodium (g/kg) 2 .2
Choline chloride 60% 1 .0
Salinomycin 12%3 0 .5
Avilamycin 10%4 0 .1
Antioxidant5 0 .1
Tota l 1,000.0
1 Composition per kg of product: vit. A - 12,000,000 UI; vit. D3 - 2,200,000 UI; vit. E - 30,000 UI; vit. B1 - 2,200 mg; vit B2 - 6,000 mg; vit. B6 - 3,300 mg; pantothenic

acid - 13,000 mg; biotin - 110 mg; vit. K3 - 2,500 mg; folic acid - 1,000 mg; nicotinic acid - 530,000 mg; niacin - 25,000 mg; vit. B12 - 16,000 μg; selenium - 0.25 g;
antioxidant - 120,000 mg; and vehicle q.s. - 1,000 g.

2 Composition per kg of product: manganese - 75,000 mg; iron - 20,000 mg; zinc - 50,000 mg; copper - 4,000 mg; cobalt - 200 mg; iodine - 1,500 mg; and vehicle q.s. -  1,000 g.
3 Anticoccidial (Coxistac).
4 Growth promoter (Surmax).
5 Butyl hydroxy toluene.

Table 1 - Composition of basal diet
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apparent metabolizable energy of the reference ration;
AMEnFEEDSTUFF = corrected apparent metabolizable
energy of the feedstuff; GEcons. = gross energy consumed;
GEexc. = gross energy excreted; NB = nitrogen balance;
Ncons = nitrogen consumed; Nexc. = nitrogen excreted;
Nexc.End = endogenous nitrogen excreted; DMcons. = dry
matter consumed.

The average temperature in the metabolism room during
the trial was recorded every day at 08:00. Dry bulb
thermometers were placed at different locations inside the
room of metabolism. The average maximum and minimum
temperatures recorded during the experimental period were
25.5 and 16.6 °C, respectively.

Results and Discussion

There was variation in the chemical composition of
feedstuffs studied (Tables 2 and 3), which is normal, especially
when it comes to feedstuff of various origins, growing
conditions, soil, climate and cultivar (Albino & Silva, 1996).

For sunflower meal, in the present study, the value of
crude protein was higher than the values described by
Tavernari et al. (2010): 280.9 g/kg and Stringhini et al. (2000):

273.6 g/kg, but it was lower than the value described by
Valadares Filho et al. (2006): 353.3g/kg. The babassu meal
presented crude protein value lower than the obtained by
Cavalcante et al. (2005). The bread-making residues
evaluated presented crude protein value 36% higher than
those cited by Valadares Filho et al. (2006). Babassu starch
flour presented crude protein value 5% lower than that
found by Silva (2008), which was 20.1 g kg.

According to Osborn (1988), legume seeds have high
protein content, and the protein content varies between 160
and 330 g/kg for various types of beans. The bean evaluated
in this study presented higher crude protein value for all
varieties analyzed by Pires et al. (2005).

Wide variation in the chemical composition of meat and
bones can be found, probably due to differences in the
proportions of shares disposed at the slaughterhouse and
processing methods. Satorelli (1998) evaluated the chemical
composition of the top ten meat and bones of Minas Gerais
and observed values   of crude protein varying from 349.9
to 563.0 g/kg. In several studies it is possible to observe
great variation in crude protein content of meat and bone
(Brum et al., 2002; Tucci et al., 2003; Nunes et al., 2005, 2006).
In addition, Nunes et al. (2005) reported that crude protein

DM - dry matter; CF - crude fiber; NDF - neutral detergent fiber; ADF - acid detergent fiber; GE - gross energy; n.e. - not evaluated.
1 Analyses conducted at the Laboratory of Animal Nutrition Department of Animal Science, Universidade Federal de Viçosa.

Feedstuffs DM CF NDF ADF GE
(g/kg) (g/kg) (g/kg) (g/kg) (kcal/kg)

Babassu starch flour 862.7 96.9 370.9 150.9 3687
Babassu meal 937.5 475.2 632.1 369.3 4553
Cookies residue 931.9 16.0 22.2 10.3 4139
Meat and bones meal (51%) 922.6 n.e. n.e. n.e. 4165
Beans 893.8 139.2 353.8 77.0 3978
Sunflower meal 883.4 290.9 418.6 24.2 4324
Pasta residue 884.7 17.4 8 .2 6 .6 3931
Millet 884.1 39.3 267.2 38.1 3912
Corn gluten meal (60%) 928.8 11.2 352.1 307.9 5468
Bread-making residue 853.9 10.2 61.3 7 .9 3926

Table 3 - Chemical composition and crude energy values of feedstuffs, expressed in natural material1

Feedstuff DM CP EE MM Ca P
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)

Babassu starch flour 862.7 19.1 2 .9 25.0 1 .0 1 .0
Babassu meal 937.5 194.9 21.5 40.6 1 .2 12.3
Cookies, residue 931.9 73.5 43.4 6 .0 0 .3 1 .7
Meat and bones meal (51%) 922.6 509.5 113.8 246.5 84.7 22.7
Beans 893.8 263.8 5 .9 40.8 1 .5 6 .7
Sunflower meal 883.4 316.5 5 .4 53.5 3 .4 13.4
Pasta residue 884.7 126.6 0 .9 6 .5 0 .8 2 .7
Millet 884.1 92.2 23.5 15.1 0 .4 5 .3
Corn gluten meal (60%) 928.8 682.8 12.7 16.6 0 .3 8 .4
Bread-making residue 853.9 151.5 15.7 25.2 1 .9 3 .3
 DM - dry matter; CP - crude protein; EE - ether extract; MM - mineral matter; Ca - calcium; P - phosphorus.
1 Analyses conducted at the Laboratory of Animal Nutrition of the Department of Animal Science, Universidade Federal de Viçosa.

Table 2 - Chemical composition of feedstuffs expressed in natural matter1
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content of meat and bone is inversely proportional to the
percentage of mineral matter, which is directly related to
the proportion of bone and cartilage tissue contained in
the flour. According to the various classifications given
to meat and bones on the Brazilian Charts (Rostagno et al.,
2005) with respect to crude protein content, which varies
from 350 to 600 g/kg in natural matter; this flour evaluated
is in the group of meat and bone meal of 510.0 g/kg.  In
addition, the meat and bones studied presented values
of crude protein 5% lower than that obtained by Nery (2005).

It can be observed that the value of sunflower meal
ether extract (EE) was lower than those found in the literature:
Valadares Filho et al. (2006), Stringhini et al. (2000),
Mantovani et al. (2000) and Tavernari et al. (2010).

The babassu meal presented value of ether extract
higher than that determined by Valadares Filho et al. (2006):
18.2 g/kg. However, it was lower than that found by
Albino (1980), 74.9 g/kg and Silva (2006), 58.7 g/kg.

The babassu flour starch showed the lowest value of
ether extract obtained in relation to the other feedstuffs
evaluated. In addition, it presented a value lower than that
obtained by Silva (2008), of 18.8 g/kg.

Comparing the results obtained for the ether extract of
corn gluten meal, it can be observed that it was lower than
the value obtained by Rodrigues et al. (2001). Nevertheless,
it was higher than the value determined by Brumano et al.
(2006). Comparing the value of ether extract of millet evaluated
in this study, we see that the value obtained by Gomes et al.
(2008) was higher, and the results obtained by Pinheiro et al.
(2003) and Nagata et al. (2004) were also higher.

Babassu meal presented a calcium (Ca) value lower than
that obtained by Cavalcante et al. (2005): 6.5 g/kg based on
natural matter, but, the value of phosphorus (P) was higher
than that described by the same authors: 8.2 g/kg; also
based on natural materials. In addition, both the content of
calcium and phosphorus in the babassu meal were higher by
33% and 64% respectively, than those described by
Valadares Filho (2000).

The cookie residue studied showed higher calcium
value at 66% of the value found by Nunes et al. (2001). With
respect to the phosphorus content, the cookie residue
presented value 18% higher than that mentioned by
Rostagno et al. (2005).

For the corn gluten meal evaluated, the amount of
calcium was lower than the amount shown by the NRC
(1998), although it was higher than the value obtained by
Brumano et al. (2006). The amount of phosphorus found in
this study for the corn gluten was higher than both the
value described by Rodrigues et al. (2001), and that described
by Rostagno et al. (2005).

The meat and bones evaluated in this study had value
higher than that of calcium determined by Nery (2005), but
lower than the value found by Nunes et al. (2005). In
addition, meat and bones showed a low content of phosphorus
in relation to the value described by Vieites (1999) and
Rostagno et al. (2005). These variations occurring in the
composition and energy value of ingredients in processed
products are more evident, since there is no standardization
in the process of production (Tucci et al., 2003).

The result obtained for the calcium content of millet was
lower than the value obtained by Bastos et al. (2004): 0.5 g/kg,
but was higher than the value described by Rostagno et al.
(2005): 0.3 g/kg. With respect to phosphorus content, the
results obtained by Rodrigues et al. (2001) for the two
varieties evaluated, 2.6 g/kg and 1.8 g/kg, were below the
result obtained in this study and also lower than the result
obtained by Gomes et al. (2008): 3.1 g/kg.

Both values of neutral detergent fiber (NDF) and  of
acid detergent fiber (ADF) of sunflower meal were lower
than those found by Santos et al. (2005). Values of
neutral and acid detergent fiber were, respectively, higher
and lower than those cited by Valadares Filho et al.
(2006), with NDF equal to 389.0 g/kg and ADF equal to
320.5 g/kg as fed.

The values of NDF and ADF babassu meal were the
highest values obtained in relation to other feedstuffs
assessed, since this is residue from the extraction of babassu
coconut oil, consisting mainly of fibrous parts of the fruit,
the mesocarp, epicarp and endocarp (layers that cover the
almonds) and the almonds. The NDF value found in this
study was higher than the value found by Cavalcante et al.
(2005), while the value of FDA was similar to the value found
by Cavalcante et al. (2005). However, the value of NDF was
lower and the value of ADF was higher with respect to
values  determined Vieira et al. (2007).

For the corn gluten meal evaluated in this study, both
the values of NDF and ADF were higher than those
determined by Rostagno et al. (2005), NDF = 63.9 g/kg and
ADF =  86.3 g/kg; by Brumano et al. (2006), NDF = 80.5 g/kg
and ADF = 33.1 g/kg; by Rodrigues et al. (2001), NDF =
33.2 g/kg and ADF = 176.8 g/kg and by Lima (2008), NDF =
235.7 g/kg and ADF = 118.3 g/kg. These differences in
values of NDF and ADF are probably due to the enzyme
amylase used during the NDF procedure analysis performed
in this research, since many tests were conducted using the
same enzyme and the results were very similar. The enzyme
amylase acts on starch degradation in the feedstuff,
preventing, so, subsequent formation of resistant starch
when the sample is heated in the presence of water, so if
the enzyme amylase does not act effectively in the
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degradation of starch, the formation of resistant starch
will then occur, thus helping to overestimate the values   of
both the NDF and ADF, since this resistant starch is not
degraded in the later stages of use of the enzyme amylase
during the procedure of the analysis of NDF and ADF.
Besides, due to the fact that corn gluten meal has high
protein content, this may also contribute to overestimate
the values of both NDF and ADF, since the nitrogen
compounds are not completely removed during the
procedure of analysis NDF and ADF, so these compounds
are considered contaminants of NDF and ADF.

Millet presented higher values of NDF and ADF than
those obtained by Nagata et al. (2004):NDF equal to
162.6 g/kg and ADF equal to 51.5 g/kg. On the contrary,
Pinheiro et al. (2003) found lower values of NDF: 207.5 g/kg;
and higher values   of ADF: 117.1 g/kg, with respect to the
values   found for millet in the present research.

Comparing the value of gross energy obtained for
sunflower meal evaluated in this study with the value
described by Tavernari et al. (2010), we can observe that the
value was higher than the feedstuff evaluated in the present
study, but when comparing with Mantovani et al. (2000) the
values obtained here were superior.

It could be observed that the babassu meal presented
great energy content; however, the major limitation on its
use is primarily due to its high content of fiber.

Meat and bones presented gross energy value lower
than those found by Vieites (1999) and Nery (2005); however,
it showed a value higher than that mentioned by Rostagno
et al. (2005). These differences in chemical composition and
energy of feedstuff of animal origin are expected and
emphasize the importance of updating these values for
being used to calculate more precise diets that meet the
requirements of the animals properly.

The gross energy value of millet evaluated in this study
was lower than the values found for the two varieties

evaluated by Rodrigues et al. (2001), as well as the values
found for the varieties evaluated by Nagata et al. (2004).

The values of apparent metabolizable energy (AME) of
the feedstuffs evaluated (Table 4) were higher than the
corrected apparent metabolizable energy (AMEn) except
for the pasta residue. According to Nery (2005), this is a
normal characteristic when the metabolizable energy values
are determined on growing birds, because at this stage
retention of nitrogen is greater than deposition of protein
tissue; this is accentuated when making corrections for
metabolic and endogenous losses.

According to Nunes (2003), it is necessary to correct
the estimated values   of energy for nitrogen balance since,
during the metabolism trial, it is impossible to ensure that
all birds present the same growth rate.

The AMEn value of sunflower meal was lower than the
value found by Tavernari et al. (2010), but was higher than
the values reported by Mantovani et al. (2000) and Stringhini
et al. (2000). According to Tavernari et al. (2010), high
levels of fiber sunflower meal are directly related to its low
metabolizable energy and nutrient utilization by monogastric
animals, which, in turn, leads to worsening of the productive
performance.

Babassu meal presented low AMEn value, since it is a
feedstuff rich in fiber, which implies an incomplete
degradation of feedstuff in the digestive system of birds,
because the fiber increases the transit time of feed through
the gastrointestinal tract.

The AMEn value for bread-making residue was lower than
the values reported by the NRC (1994) and the  Janssen (1989).

With respect to the AMEn values found for the residues
of pasta and cookie evaluated, these were higher and lower
than the values cited by Rostagno et al. (2005), respectively.
However, the AMEn values of residues of pasta and
cookies evaluated were lower by 10% and 23% respectively,
compared with the values obtained by Nunes et al. (2001).

Feedstuffs DM AME AMEn CAM CAMn
(g/kg) (kcal/kg) (kcal/kg)                       (kcal/kg)                  (kcal/kg)

Babassu starch flour 862.7 1,751 1,731 0.47 0.47
Babassu meal 937.5 1,337 1,116 0.29 0.24
Cookies residue 931.9 3,380 3,351 0.82 0.81
Meat and bones meal (51%) 922.6 2,686 2,524 0.64 0.61
Beans 893.8 7 0 2 6 9 3 0.18 0.17
Sunflower meal 883.4 1,781 1,607 0.41 0.37
Pasta residue 884.7 3,541 3,543 0.90 0.90
Millet 884.1 3,065 3,046 0.78 0.78
Corn gluten meal (60%) 928.8 3,939 3,826 0.72 0.70
Bread-making residue 853.9 3,549 3,494 0.90 0.89
DM - dry matter.

Table 4 - Apparent metabolizable energy (AME), corrected apparent metabolizable energy (AMEn) and coefficients of apparent
metabolization (CAM) and corrected apparent metabolization (CAMn)
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For the corn gluten meal evaluated in this study, the
AMEn value was higher than that described by Rostagno
et al. (2005) and Brumano et al. (2006), but lower than the
AMEn value determined to 22- to 26-day old chicks by
Rodrigues et al. (2001).

The meat and bones evaluated in this study had AMEn
value below that mentioned by Rostagno et al. (2005),
although they presented values higher   than those obtained
by Nery (2005) and by Vieites (1999), who evaluated six meat
and bones meals.

The result obtained for AMEn of millet evaluated in this
study was greater than the values   found for two different
varieties, determined by total fecal collection described by
Nagata et al. (2004), and by Gomes et al. (2008).

As for corrected apparent metabolizability coefficient
(CAMn) obtained in this study, beans had a lower CAMn
value compared with the other feedstuffs evaluated,
which may be explained by the presence of antinutritional
factors; and, according to Bonett et al. (2007), there are
several substances in the beans that act as antinutritional
factors, and may highlight the tannins, phytates, protease
inhibitors and lectins, which may act by inhibiting the
action of digestive enzymes, complexing with nutrients
(carbohydrates, amino acids and minerals) and affecting
the absorption and utilization of these birds. These
antinutritional factors most often are inhibited by thermal
processes, since they are considered labile, and the
beans used in this experiment did not suffer any kind of
thermal process.

The CAMn value for sunflower meal was lower than
the value obtained by Tavernari et al. (2010): 0.447;
however, it was higher than the value given by Mantovani
et al. (2000): 0.369.

Babassu meal and sunflower meal also presented low
efficiency of energy metabolization, possibly due to the
high amount of fiber contained in these feedstuffs. The
greater presence of fiber in feedstuff may lead to an
increase in transit time through its gastrointestinal tract,
causing a decrease in the digestibility of other nutrients
like fat and protein. According to D’Agostini et al. (2004),
birds present low energy metabolization of the feedstuffs
high in fiber content.

Conclusions

The values   of apparent metabolizable energy corrected
by nitrogen balance based on natural matter determined in
broilers from 18 to 24 days old are: babassu meal -
1,116 kcal/kg; sunflower meal - 1,607kcal/kg; corn gluten
meal - 3,826 kcal/kg; babassu starch flour - 1,731 kcal/kg;

meat and bones - 2,524 kcal/kg; beans - 693 kcal/kg; millet -
3,046 kcal/kg; cookies residue - 3,351 kcal/kg; pasta
residue - 3,543 kcal/kg; and bread-making residue -
3,494 kcal/kg.
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