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Abstract
This study was conducted to evaluate the nutritional values
of fractions of damaged corn. One hundred and eighty 22-d-old
Cobb 500 male broilers were distributed in batteries according to a
completely randomized design with six treatments of six replicates
each. The treatments consisted of diets containing five corn fractions,
classified as sound, fermented, insect-damaged, mold-damaged, or
reference corn. The test diets consisted of 60% of reference diet +
40% of each corn fraction. Only the reference corn fraction included all
the fractions at different proportions (0.8% fermented, 0.05% insectdamaged, 3.3% mold-damaged, and 95.85% sound grains). The
method of total excreta collection was used to determine AMEn values
and metabolizability coefficients of dry matter (MDM), crude protein
(MCP), ether extract (MEE), and gross energy (MGE) of the reference
corn and its fractions. The density values of the corn fractions were
used to calculate the correlations among the evaluated parameters.
The evaluated corn fractions presented different compositions values.
The insect-damaged and mold-damaged grains presented higher CP
level, lower density, and MDM and MCP coefficients compared with the
other fractions. However, calculated AMEn values were not significantly
different (p>0.05) among corn fractions. A low correlation between
density and AMEn content (r<0.5), and a high correlation between
density and MCP (r>0.8) were calculated. Although the evaluated corn
fractions presented different nutritional values, there were no marked
differences in their utilization by broilers.

Introduction
Corn (Zea mays) is grown in almost all over the Brazilian territory,
with an average of 80 million tonnes produced per year (Conab, 2015).
Corn is grown in different ecosystems and under different climatic
conditions, management systems, and soil types, which may alter its
nutritional values (Galon et al., 2010).
Brazil has an official corn classification system defined by the Ministry
of Agriculture (MAPA, 1976) in the White Paper n. 845 of November 8,
1976, and ammended by White Paper n. 11 of April 12, 1996 (MAPA,
1996) and White Paper n. 60 of 23rd of December, 2011 (MAPA,
2011). This official system includes seven grain fractions: intact, molddamaged, broken, sprouted, insect-damaged, hollow, and broken. The
feed industry often uses low-quality corn (Type 3), characterized by up
to 3% foreign material, impurities and fragments; 27% broken grains;
and a maximum of 10% mold-damaged and sprouted grains.
This classification is not useful because grains of the same type may
have different chemical content, which affects their nutritional and energy
values (Silva et al. 2008; Silva et al., 2011). There is little information
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on the influence of each fraction on the quality of a
corn sample. According to Lopez et al. (1990), diets
containing up to 50% insect-damaged corn did not
negatively affect the productivity of growing and
finishing pigs. Silva et al. (2008) found that low-density
corns present high percentages of mold-damaged,
broken, and hollow grains, as well as low metabolizable
energy. On the other hand, Lesson et al. (1993) and
Dale & Jackson (1994) reported that corn density is not
a sound predictor of its nutritional value.
The aim of this study was to evaluate the nutritional
value of different fractions of corn (fermented, insectdamaged, and mold-damaged) for broiler chickens
and to correlate then with corn density.

environment at the experimental facilities of NUTRON,
Mogi-Mirim, SP, Brazil. During the experimental
period, 23.5°C average temperature was recorded
(22.2°C minimum and 25.3°C maximum). Cages
were equipped with excreta collection trays, individual
trough feeders, and nipple drinkers.
Birds were distributed according to a completely
randomized experimental consisting of six treatments,
with six replicates of five birds each. Birds for each
replicate were housed in the metabolic cages for seven
days, with three days for adaptation and four days for
data collection (Cortés et al., 2009). The beginning and
the end of period of excreta collection was determined
by the addition of ferric oxide (1%) to the diets as
fecal marker. Excreta were collected twice daily in the
morning and afternoon.
The collected excreta were stored in a freezer at
-5°C until the end of the experiment. Feed offer and
feed residues were weighed and recorded per cage. At
the end of the experiment, all excreta and feed samples
were thawed, weighed, and homogenized. They were
then pre-dried in a forced-ventilation oven at 55 °C for
72 hours and weighed. Samples were then dried in the
same oven at 105°C until constant weight, ground in
a hammer mill fitted with 0.5-mm mesh. Dry matter
(DM), gross energy (GE), ether extract (EE), and crude
protein (CP) contents were determined according to
Silva & Queiros (2002).
Apparent metabolizable energy values corrected for
nitrogen balance (AMEn) were determined according
to Sakomura & Rostagno (2007). Metabolizable energy
(ME) values of the corn fractions were calculated using
the formula proposed by Matterson et al. (1965).
Metabolizability coefficients of dry matter (MCDM),
crude protein (MCCP), ether extract (MCEE), and gross
energy (MCCE) of the reference corn and its fractions
were also calculated.
Regressions of corn density on metabolizable
energy were calculated. The effects of corn fractions
on the traits measured were evaluated using analysis of
variance and (linear and quadratic) regression analysis
using SAS ®. Means were compared by the test of
Tukey at 5% significance level. Pearson’s correlations
between corn density and metabolizability coefficients
were calculated.

Material and Methods
Physical analyses of corn were carried out on
grains collected in the state of Goiás, Brazil, during
the 2007/2008 harvest. Grains were classified and
segregated according to the Brazilian official system
(MAPA, 1996) into the following categories: sound,
fermented, insect-damaged, and mold-damaged.
These fractions were then analyzed by the Weende
method to determine dry matter (DM), crude fiber
(CF), ether extract (EE), and crude protein (CP)
contents. Gross energy (GE) levels were determined
using a calorimetry bomb (model C2000 – IKA). Corn
bulk density was determined using a densimetric table
(Zaccaria MDZ-120, São Paulo, Brazil), which stratifies
grains by their density or specific weight and was
expressed in mass per hectoliter (kg/HL).
Based on this classification, a reference corn type
was created, consisting of 95.5% sound, 0.8%
fermented, 0.05% insect-damaged, and 3.3% molddamaged grains. A reference diet (T1) was formulated
with the reference corn to contain 3,000 kcal apparent
metabolizable energy (AME), 19% CP, 1.0% digestible
lysine, 0.78% methionine + cysteine, and to supply the
requirements of the other nutrients, according to bird
age (Rostagno, 2011). The other treatment diets were
based on T1, as follows: T2- 60% T1 + 40% corn using
sound grains only, T3- 60% T1 + 40% only fermented
grains, T4- 60% T1 + 40% only insect-damaged
grains, T5- 60% T1 + 40% mold-damaged grains, and
T6 = 60% T1 + 40% corn used in the reference diet.
The diets were offered ad libitum as mash.
One hundred and eighty 22-day-old male Cobb
500 broilers were used. Birds were weighed at the
beginning of the experiment, and presented 1080
g average body weight. The experiment was carried
out in a metabolism room with a digitally controlled

Results and Discussion
The sound corn (T2) and the reference corn (T6)
presented similar DM, CP, CF, EE, and GE (Table 1)
contents when compared to the Brazilian Tables
(Rostagno, 2011). The insect-damaged and mold308
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damaged grains had higher CP levels compared
with sound corn (17.8 and 26.0%, respectively).
Nevertheless, the density of these fractions were 23.2
and 18.6% lower, respectively. Dale & Jackson (1994)
and Silva et al. (2008) attributed the fact that low
density corns have higher CP level to the low starch
content of grains with low specific weights, thereby
increasing the concentration of the other nutrients.
According to Lilburn and Dale (1989), this high CP
level, however, is not reflected in higher amino acid
levels, such as methionine, cysteine and lysine, and
therefore, the authors suggest that amino acid levels
in low-density corn grains should not be corrected
due to the increase in CP level. Dale (1995) observed
that corn contaminated with fungi have substantially
higher protein levels than non-contaminated corn
and verified that lower density fractions showed
higher contamination and higher powder and
fine particle concentrations. The fermented grains
presented slightly lower CP than sound grains and
10% lower density. Differences among corn fractions
are expected due to climate, storage, and processing,
which interfere in the chemical composition of the
feed (Albino et al., 1992). As the corn fractions were
manually separated to characterize experimental
treatments in the present experiment, variations in
their physical traits also were expect.
Chemical composition values, on dry matter
basis, presented the following differences among
corn fractions: 23% for CP (8.86 to 11.54%), 21%
for CF (1.97 to 2.49%), and 9.2% for EE (4.24 to
4.67%). A 23% density difference (675 to 879g/L)
was also detected. However, gross energy (GE) values
were similar among the corn fractions analyzed (2%
variation).

Density is also used as a criterion in the evaluation
of corn nutritional quality. Leeson & Summers
(1997) stated that in the USA, density is the main
measure of corn quality evaluation, together with
the determination of damaged and broken grains
and foreign material levels. Baidoo et al. (1991)
found that corn energy values linearly increased
with grain density; however, high reductions in grain
densities resulted in small reductions in GE. This is
in agreement with the results of the present study,
where a small GE reduction (2%) between the highest
density (sound corn) and the lowest density grains
(insect-damaged corn) was observed. In the study of
Baidoo et al. (1991), a 20% decrease in corn density
was correlated with a mere 4.3% reduction in AME.
Lesson & Summers (1976) had previously verified
that when the density of corn samples harvested
in a same year varied in approximately 40%, their
metabolizable energy, determined in adult cockerels,
varied only 12%.
Silva et al. (2008) found that low-density corns
presented lower percentage of insect-damaged
grains, but higher percentage of hollow, broken and
mold-damaged grains than high-density corns. In the
present experiment, insect-damaged grains present
the lowest density among the evaluated grain types.
Changes in the nutritional values of grains are related
to the preferences of insects for the germ (Lopes et
al., 1988). On the other hand, Stringhini et al. (2000)
evaluated the performance of 1- to 28-day-old broilers
fed diets containing insect-damaged corn (0 to 40%)
and did not find any significant differences in weight
gain, feed conversion, or liver, pancreas, and bursa
weights relative to body weight.

Table 1 – Chemical composition, energy and density of different corn fractions
Fraction of corn

T2
Sound

Values expressed on “as-fed” basis
Dry matter. %
88.4
Crude Protein. %
8.1
Crude fiber. %
1.79
Ether extract %
3.85
Density g/L
777
Crude energy. kcal/kg
3977
Values expressed on dry matter basis
Crude Protein. %
9.16
Crude fiber. %
2.02
Ether extract %
4.36
Density g/L
879
Crude energy. kcal/kg
4499

T3
Fermented

T4
Insect-damaged

T5
Mold-damaged

T6
Reference

Brazilian
Tables*

88.0
7.8
1.86
4.11
697
3981

86.2
9.3
2.15
3.92
582
3952

88.4
10.2
1.74
3.75
632
3991

88.8
8.0
1.99
4.13
736
3978

87.5
7.88
1.73
3.65
3940

8.86
2.11
4.67
792
4524

10.79
2.49
4.55
675
4585

11.54
1.97
4.24
715
4515

9.01
2.24
4.65
829
4480

9.00
1.98
4.17

*Rostagno (2011)
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When expressed on “as-fed” basis, the AMEn
content of the insect-damaged corn was lower than
that of the other grains (Table 2), due the 2% lower
water content of this fraction (Table 1). Nevertheless,
AMEn levels on DM basis were not different among
the corn fractions (data not shown) (p>0.05). On the
other hand, Silva et al. (2008), comparing corns with
densities of 805.1, 736.6, and 592.9 kg/m3, found that
ME levels decreased with density. It had been shown
that fungi and insect infestation affect corn quality.
For instance, Krabbe et al. (1994) found that the level
of fungal infection in corn is proportional to feed
ME reduction, especially due to reduced EE content.
Antunes et al. (2011) observed that insect infestation
level influences the chemical composition of the corn
grain. Therefore, we hypothesize that the corn used in
the present experiment presented better quality than
those evaluated in the previously mentioned, including
a smaller fraction of insect-damaged grains.
The obtained AMEn values were different from
those reported in Brazilian (Rostagno, 2011) and
international (NRC, 1994) literature. Rostagno (2011),
based on prediction equations, calculated a ME value
of 3432 kcal/kg (on “as-fed” basis) for standard corn.
The equation proposed by Rostagno (2011) estimates
highest ME losses due to fungi and insect damage in
the different corn fractions studied here. On the other
hand, Dale & Jackson (1994) reported that broken
grains and foreign material reduce true ME for poultry
in 5.6 and 17%, respectively.
No references on AME values of the different
corn fractions were found in the literature. Mean
AME values reported in other experiments (Albino et
al., 1992; Dale & Jackson, 1994; Silva et al., 2008)
were obtained from mixed corn samples, containing
different fractions in different proportions, but not for
stratified fractions as in the present experiment.
The calculated DM metabolizability of molddamaged corn was lower (Table 2) compared with

sound and fermented corn, but similar to that of insectdamaged and reference samples. Insect-damaged
and mold-damaged corn also presented significantly
lower (p<0.05) coefficients of protein metabolizability
compared with the other corn fractions.
Insect-damaged and mold-damaged corn fractions
presented higher CP levels than sound corn (Table
1). The results in the present experiment show that,
although the CP content of these fractions was higher,
it was not well utilized by the broilers, leading to lower
CP metabolizability. This is in agreement with Lilburn
and Dale (1989), who verified that the higher protein
levels found in the lower density grains did not lead
to an increase in essential amino acids levels, such as
lysine and methionine.
The coefficients of EE and GE metabolizabilty (Table
2) did not differ among the different corn fractions
(p>0.05). All corn fractions presented high level of
energy utilization (above 80%), demonstrating the
importance of corn for broiler nutrition. However, the
corn MGE coefficient (86%) presented in the Brazilian
Tables (Rostagno, 2011) is higher than the values
found in the present study.
Table 3 shows the correlations among the measured
corn parameters. All correlations were positive and
influenced by grain density. Density presented low
correlation with AMEn and MGE (r<0.5) and high
correlation with MCP (r=0.83), whereas it was
intermediately correlated with the other evaluated
characteristics. These data are in agreement and
with complementary to metabolizability data, which
showed that grain protein utilization by broilers was
the most sensitive factor to changes in corn density
(Table 2).
Intermediate correlations were determined between
MDM and MEE and MDM and MCP (0.58 and 0.73,
respectively); however, the correlation between MDM
and MGE (r = 0.93) was high. The correlation between
MCP and MEE was low (r =0.41), but it was high

Table 2 – Density (g/L), AMEn on “as-fed” basis (AF), metabolizability coefficients of dry matter (MDM), crude protein
(MCP), ether extract (MEE), gross energy (MGE) of corn fractions fed to 26- to 29-d-old broilers.
Density
AMEn kcal/g NM
MDM
MCP
Treatment
g/L
(%)
(%)
Sound
777
3310 a*
84.39 a
66.8 a
Fermented
697
3266 a
84.28 a
62.2 a
Insect-damaged
582
3122 b
81.49 ab
51.7 b
Mold-damaged
632
3244 ab
80.37 b
46.7 b
Control
736
3290 a
82.98 ab
62.2 a
Mean
677.6 ± 71.4
3240 ± 0.10
82.6 ± 2.5
57.3 ± 8.2
CV%
2.32
2.39
5.46
*Numbers followed by the same letters in the same column are not statistically different (p>0.05) by Tukey’s test.
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MEE
(%)
66.15 a
60.69 a
50.03 a
61.31 a
64.09 a
59.8 ± 9.7
14.19

MGE
(%)
83.49 a
83.32 a
80.87 a
80.74 a
82.35 a
82.1 ± 2.3
2.64
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between MEE and MGE (r =0.70). All correlations of
AMEnDM and AMEnMN with other variables were
high (r >0.75), except for MCP, which were low and
intermediate (0.48 and 0.52, respectively).

reduction in AMEn. Nevertheless, that author did not
find any significant effects of the inclusion of increasing
levels of low-density corn on broiler performance.
All results of the regression of density against
metabolizable energy and metabolizability coefficients
were low, but significant, and presented a linear
behavior (Figures 1 and 2). These effects were also
observed by Silva et al. (2008) and Silva et al. (2011);
however, these authors did not determine coefficients
of metabolizability.

Table 3 – Correlations between grain density (Den),
metabolizability coefficients of dry matter (MDM), crude
protein (MCP), ether extract (MEE), gross energy (MGE),
AMEn on dry (DM) and as-fed (AF) basis.
AMEnDM
AMEnAF
MDM
MCP
MEE
MGE

Dens
0.47*
0.65
0.55
0.83
0.53
0.46

AMEnDM

AMEnAF

MDM

MCP

MEE

0.95
0.89
0.48
0.77
0.94

0.79
0.52
0.82
0.85

0.73
0.58
0.93

0.41
0.56

0.70

*All correlations were significant at p<0.01

The correlation between density and AMEnDM was
low (0.47), in agreement with Lesson et al. (1993) and
Lesson & Summers (1976), who asserted that corn
density is not a sound predictor of nutritional value. On
the other hand, Silva et al. (2008), testing corns with
different densities (805, 737, and 593 g/L), verified
significant energy losses at lower densities, estimating
that a 26% reduction in corn density caused a 12%

Figure 1- Effect of density on apparent metabolizable energy (AME) corrected for nitrogen (AMEn) in dry matter

Figure 2. Effect of grain density on metabolizability of dry matter (DDM), crude protein (MCP), ether extract (MEE) and gross energy (MGE)
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Nutritional level changes do not always alter
digestive use of nutrients. For instance, Stringhini et
al. (2000), evaluating corn quality for broilers, found
high protein levels in poor quality corn, such as that
contaminated with insects or fungi. However, the diet
containing this corn also affected the birds’ health
status, causing leg and digestive problems. Bartov
et al. (1982) found that fat and fat-soluble vitamin
levels are reduced as grain contamination with fungi
increases. Carvalho et al. (2004 and 2009), despite not
detecting changes in the chemical composition and
in gross energy levels of corn submitted to different
drying temperatures (80 to 120oC) and storage periods
(0 to 180 days), observed reduced AME and amino acid
digestibility values as drying temperatures and storage
periods increased. In the present study, corn energy
and nutrient utilization were not markedly different,
which may due to the high quality of the corn samples
used. The use of corn harvested in different years or
regions may lead to more contrasting results.
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