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ABSTRACT - The objective of this study was to develop an equation to determine the apparent metabolizable energy
(AME) and metabolizable energy corrected for nitrogen balance (AMEn) using a physical-based classification of corn. A total of
5,055 samples were taken from bulk cargo trucks, over a five-year period. The parameters studied were the variables related to the
physical characteristics of grains. The density of maize was evaluated, and AME and AMEn were calculated. The average value
for AME was 3,375 kcal/kg, and two groups were formed of high quality and low quality for all samples. Stepwise regression
analysis was then carried out using grain quality to estimate AME and AMERn, and the validation of the equations was carried out
with 6,490 independent samples. The average value for density was 767.7 kg/m*. The multiple regressions used to estimate AME
and AMEn as a function of humidity, density, and physical composition of corn kernels showed that moisture was included for
AME, but not for AMEn. The equations presented high coefficients of determination (R?) for AME (0.994) and AMEn (0.987).
The discriminant analyses correctly classified 98% of the high-quality samples and 96.69% of low-quality samples, so the error
was smaller than the expected. The calculated equations were shown to be good at discriminating between samples of high and
low quality of corn according to its physical composition, and the most important variables for separation between groups were
damaged grain fraction, impurities, burnt, and soft. The correlation between calculated (independent samples) and estimated
metabolizable energy and AMEn were, respectively, 0.9942 and 0.9859. The corn energy values can be estimated based on

physical evaluation of the grain.
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Introduction

Corn (Zea mays L.) is one of the main cereals grown
worldwide that provides energy due to its composition
of carbohydrates and lipids, being used for animal feed,
human consumption, and industry (Matos, 2007). For feed
formulation, knowledge of the energy value of feeds is
essential to calculate the energy supply to optimize animal
performance (Sakomura and Rostagno, 2007).

In practice, it is assumed that the energy value of corn
is constant, but the uses of nutrients vary due to various
factors, mainly chemical composition (Soto-Salanova
et al.,, 1996). These variations justify the importance of
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understanding the energy values of the feed (Eyng et al.,
2009). However, there is little information on the significant
variations in the chemical composition and nutritional
value of grain, thus hampering the precise formulation of
rations (Silva et al., 2011).

The determination of feed energy values used to
formulate diets is difficult for the industry because it takes
time, infrastructure, and financial resources (Pozza et al.,
2008). An indirect way to evaluate the nutritional quality
of this raw material is the use of prediction equations
including determination of metabolizable energy using
chemical and physical parameters of the feed (Eyng et al.,
2009; Corte Real et al., 2014). This equation has been an
important tool to increase accuracy in the feed formulation
process, so energy values can be corrected according to
variations in the composition of the feed (Albino and Silva,
1996; Barbarino Junior, 2001), as most chemical analysis
of corn and other ingredients used in equations to infer
energy values are often not consistent with those measured
in metabolic assays (Corte Real et al., 2014).
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Thus, to speed up the correction of the energy value of
corn based on its physical characteristics, the objective of
this work was to develop an equation to determine AME
and AMEn using a physical-based classification of corn.

Material and Methods

The experiment was conducted in Brasilia, Distrito
Federal, Brazil, defined by the geographical coordinates
15°46'48" of South latitude, 47°55'45" of West longitude,
and average altitude of 1.136 m. A total of 5,055 samples
were taken from bulk cargo trucks, with a mean of
100 samples per month, over a five-year period. An amount
of 30 kg was collected in the upper, middle, and lower
substracts of the truck with total capacity of 30 tonnes, with
a minimum quantity of 2 kg per sampled point (according to
Brazilian Federal Regulations; Brasil, 2011). The extracted
samples, at least 1 kg each, were homogenized and divided
into four parts (250 g for each sample): two were evaluated
by chemical analysis and two stored as counterproof. The
removal or extraction of the sample and the classification
of grain was carried out according to Brazilian Federal
Regulations (Brasil, 2011).

The parameters studied were the variables related to
physical characteristics, especially damage, in grams per
100 grams of corn, such as grains considered strange,
impurity, and foreign grains: normal grains which passes
readily through a 12/64-inch or 5-mm round-hole
sieve, being considered the impurities of the own product
or seeds of other species, as well as plant debris, dirt,
and foreign matter of any nature, not originated from the
product; broken grains: the pieces of normal grains that were
retained in the 12/64-inch or 5-mm round-hole sieve and
normal grains missing small parts or containing small
flakes; soft or immature grains: grain devoid of internal
mass, stiffened, and wrinkled by incomplete physiological
development; grains damaged by beetles: grains attacked
by beetles, but without the presence of live insects; grains
damaged by fungi and derivates: whole or broken grains
that present fungus (mold) in whole or in part; sour grain:
grains that have lost color characteristic by the action of
heat and moisture or fermentation in more than a quarter
of the grain size; fermented grains: grains with dark spots
of any size up to a quarter of the grain area, corresponding
approximately to the germ area; grains damaged by various
causes: whole or broken grains considered as defective,
which present alteration in the integument or mass due to
mechanical, physical, or biological causes; grains injured
by other causes: the sum of the several defects mentioned in
the other categories; grits: normally developed grains that

have good maturity and conservation conditions; density in
grams per liter and humidity, all expressed in percentage.

Grains were grouped following the classifications
defined in Barbarino Junior (2001). Moldy grains included
burnt, fermented, and moldy; fragmented included
impurities, fragmented, and grits; insects were mainly
beetles; broken grains; and damaged included soft, those
attacked by rodents, pests, parasites, and others not included
above. The grains considered as good were obtained by the
difference of the entire sum of all the physically damaged
grains above.

The density of corn was evaluated using the
methodology of the test weight, in which the products are
distinguished by gravity table, which stratifies the cereal by
the density or the specific weight.

Apparent metabolizable energy and AMEn related to
the corn physical characteristics (Table 1) were obtained
from a digestibility trail (Costa et al., 2015) and calculated
according to Matterson et al. (1965):

AME (kcal/kg) = CE-Ceexc/dry matter intake (Equation 1)
and AMEn (kcal/kg) = CE-Ceexc + 8.22*NB/dry matter
intake (Equation 2),
in which CE = crude energy intake; Ceexc = crude energy
excreted; and NB = nitrogen balance (intake nitrogen-

excreted nitrogen).

Based on the above physical analysis and metabolizable
energy values from sample components, depending on the
proportion of each type of grain found in the 5,055 samples,
AME and AMEn were calculated for the full grain sample,
according to the categories used by Barbarino Junior (2001):

AME (kcal/kg) = [(%Good*3,381) + (%Broken*3,353)
+ (%Fermented*3,334) + (%lInsect*3,176) + (%Burnt/
Moldy*3,290) + (%eDamaged*3,353)]/100 (Equation 3);
AMEn (kcal/kg) = [(%Good*3,310) + (%Broken*3,290)
(%Fermented*3,266) + (%lnsect*3,122) +
(%Moldy*3,244) + (%Damaged*3,290)]/100 (Equation 4).

The average value for AME of all samples was
3,375 keal/kg.

Table 1 - Apparent metabolizable energy (AME) and apparent
metabolizable energy corrected for nitrogen balance
(AMEn) as-fed basis (kcal/kg), related to the corn
physical characteristics

AME AMEn
(kcal/g as-fed basis) (kcal/g as-fed basis)

Physical variable

Broken grain 3.353 3.290
Fragmented grain 3.353 3.290
Burnt/moldy grain 3.290 3.244
Fermented grain 3.334 3.266
Insects 3.176 3.122
Damaged 3.353 3.290
Good 3.381 3.310
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Two groups were formed in the cluster analysis of
high-quality and low-quality samples. Stepwise regression
analysis was then carried out using grain quality (fractions,
humidity, and density) to estimate AME and AMEn. A
significance level of 1% for each variable was adopted. The
final equations considered only variables that presented
significance. The validation of the equations in the present
study was carried out by comparing the AME and AMEn
estimated values with AME and AMEn values calculated
using Eqations 3 and 4 from 6,490 independent samples.
Results from Equations 3 and 4 were compared with the
values obtained using the equations developed in this
work, based on their metabolizable energy values using
correlations (PROC CORR).

A canonical discriminant analysis was performed to
determine the most important traits in the classification of
variables within the two quality groups.

Outliers (3 SD) were deleted for each variable
individually. Residuals were tested for normality and
found not to differ from the normal, probably because
of the large number of data in each variable. Analyses
were carried out using SAS software (Statistical Analysis
System, version 9.3).

Results

The average value obtained through the equations for
density was 767.7 kg/m? and ranged between 628 kg/m?® and
895 kg/m® (Table 2).

The equations from the multiple regressions used to
estimate AME and AMEn (Table 3) as a function of humidity,
density, and physical composition of corn kernels showed
that moisture was included for AME, but not for AMEn.

Table 2 - Means, standard deviations (SD), and minimum (Min)
and maximum (Max) values obtained for 5,055 corn

The equations presented high coefficients of
determination (R?) for AME (0.994) and AMEn (0.987),
which indicate an excellent fit to the data. The discriminant
analyzes correctly classified 98% of the high-quality
samples and 96.69% of low-quality samples, so the error
was smaller than the expected (Table 4).

Thus, the calculated equations were shown to be good
at discriminating between samples of high and low quality
of corn according to its physical composition (Table 5).

Table 3 - Equations from the multiple regression to estimate
AME and AMEn as a function of density, moisture,
and physical composition of corn kernels

AME AMEn
Intercept 3310.06292 3381.18478
Density —0.00013085 —0.00027
Broken —0.19867 —0.27963
Fragmented —0.20547 —0.28623
Moldy/burnt —0.60084 —0.79110
Insect —1.88072 —2.06007
Injured —0.22810 —0.29799
Humidity NS —0.232
R2 0.994 0.987

AME - estimate the apparent metabolizable energy; AMEn - apparent metabolizable
energy corrected for nitrogen balance; NS - not significant; R? - coefficient of
determination.

Table 4 - Percentage of samples classified in high- (HQ) and low-
quality (LQ) groups using discriminant functions

Group classification

Group

HQ LQ No. of samples
HQ 98.06 1.94 2,635
LQ 3.31 96.69 2,420
Error 0.02 0.03 5,055
Prior error expectation 0.50 0.50

Table 5 - Discriminant analysis coefficients for corn physical
parameters for high- and low-quality grains

samples used in equation development ) Group
Variable

Trait Mean SD Minimum Maximum High quality Low quality
Density (kg/m?) 767.7 26.00 628.00 895.00 Constant —521.65911 —536.31773
Humidity (%) 12.75 1.72 10.08 16.00 Density 1.13555 1.13244
Good (%) 88.41 3.13 67.00 98.12 Humidity 10.11671 10.39806
Broken (%) 4.63 1.36 0.00 1.54 Broken 3.05915 3.25655
Fragments (%) 1.95 0.96 0.00 10.40 Fragmented 2.94883 2.99657
Impurities (%) 0.27 0.29 0.00 5.56 Impurities 16.9886 26.50723
Burnt (%) 0.14 0.29 0.00 13.00 Burnt 22.65568 34.00288
Moldy (%) 0.00 0.04 0.00 2.00 Moldy —11.02629 —9.22456
Sour (%) 2.83 1.11 0.00 10.05 Sour 3.81331 4.0943
Fermented (%) 0.88 0.57 0.00 5.14 Fermented 7.40845 7.79502
Infected by insects (%) 0.13 0.24 0.00 6.12 Infected by beetles 1.30763 1.65086
Soft (%) 0.16 0.18 0.00 8.00 Soft 1.76299 2.63130
Damaged (%) 0.60 0.54 0.00 5.05 Damaged 4.2571 14.1451
Foreign material (%) 0.05 0.13 0.00 4.00 Foreign matter 8.69903 430.748
Injured (%) 9.23 2.47 0.00 24.39 Injured —0.09064 0.02584
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The most important variables for separation between
groups were damaged grain fractions, impurities, burnt,
and softness (Table 6). The fractions of moldy, fragmented,
fermented, infected by beetles, and good grains had little
effect on the differences among the groups.

Correlations using the independent samples using the
equations proposed in Table 3 and those in Equations 3 and
4 for metabolizable energy and AMEn were, respectively,
0.9942 and 0.9859.

Discussion

An indirect way to assess the nutritional quality of
corn is the use of prediction equations. Most equations
use chemical analyzes to infer AMEn value for corn and
other ingredients, often with inconsistent values measured
in metabolism assays. An alternative to this type of
equation is predictions involving the density, humidity, and
classification of the grain.

The average values for the density described by
Rodrigues et al. (2001) ranged between 724.5 and
757.7 kg/m?, being lower than the average values obtained
in this study (767.7 kg/m?). The variation obtained by the
previous researchers showed less variation between the
minimum and maximum values than those found in this
study (628 kg/m? to 895 kg/m?).

Silva et al. (2008) evaluated the nutritional value of
different corn quality for broilers and concluded that the
percentage of broken, rancid, infected by beetles, and
hollow grains, impurities/fragments, and foreign material
increased as the density of maize grains studied decreased.
Silva et al. (2011) also reported loss increase when corn
quality decreases, and, to make corrections, they suggested
the evaluation of corn quality according to the classification
of grains. The average humidity was 12.75% and met the
specifications for corn type 1 (maximum limit of 14%;
Brasil, 2011).

Table 6 - Standardized canonical analysis for separation of groups

Variable Coefficient
Broken 0.12641
Fragmented 0.00761
Impurities 0.60269
Burnt 0.36558
Moldy 0.02942
Sour 0.14109
Fermented 0.08348
Infected by beetles 0.02033
Soft 0.28777
Damaged 1.10086
Good 0.00000

The average score for the total injured corn, which
includes other physical fractions analysed, except the good
grains, was 11.64%, value that would meet the standard
specification for corn type 3 (maximum limit is 15%);
however, when considering the maximum value obtained
from the samples of 24.39%, the corn would be classified
as unusable, as the maximum limit is 20% (Brasil, 2011).

Equations with many variables, although providing
more accurate estimates, may be unfeasible, since the
determination of components such as chemical analysis and
all the grain damages under practical conditions is often
difficult to measure. Thus, the use of equations with fewer
variables are more easily used in low-complexity analysis,
especially those carried out in routine laboratory analysis,
requiring less time and showing ease of determination
(Nunes et al., 2001).

The fraction of grains damaged by insects was the
variable that most affected the energy values of the two
equations and correlated negatively with the energy content
of the corn. The proliferation of insects and mold growth
are closely associated with the reduction of nutrients such
as lipids, carbohydrates, minerals, proteins, and vitamins,
which reduces the performance and health of the animals
(Brucato et al., 1986).

Barbarino Junior (2001) showed, in a canonical
analysis, that the occurrence of fungal and insect attacks
resulted in losses in the ether extract, starch, and sugars in
the grains. Dale and Jackson (1994) observed that broken
corn kernels and strange matter significantly reduced the
value of true metabolizable energy for poultry by 5.6 and
17.0%, respectively.

The average values of AME found in this work
was 3,375 kcal/kg. This finding is consistent with those
observed by Eyng et al. (2009), who found 3,227 to
3,416 kcal/kg for AME in eight different corn varieties.
Low-quality grains showed more damage, more problems
such as fragmented, broken, and grains infected by beetles,
but little difference in density. The results of physical
composition and grain moisture affected the corn chemical
and energy content, as demonstrated by Rodrigues et al.
(2014), Costa et al. (2015), and Hruby (2015), as corn
hybrids and broiler age of determination can affect the
energy content, similar to the observed in the experiment
conducted by Kato et al. (2011).

The prediction equations should be validated to be
considered reliable (Dale et al., 1990). In addition, the
NRC (1994, 1998) pointed out few studies comparing the
estimated and chemically determined or validate equations
under different conditions to those in which they were
developed. Since corn groups were defined as different
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from each other of these relations, within each group, the
correction proposed by the equation can also be performed,
which is a form to validate its use (Table 3). It is possible
to note that one of the main steps in this process is the
validation of the proposed equations, by comparing the
estimate values with independent ones.

Silva et al. (2008), comparing the results obtained in
the metabolism assay with those obtained by the equation
of Baidoo et al. (1991) for estimating the energy value
according to the density and dry matter, found 3,462, 3,187,
and 2,574 kcal/kg for the high (MDA), intermediate (MDI),
and low (MDB) density, respectively. The results were
similar to those found in the metabolism assay for the MDA,
which was inferior to MDI and MDB by approximately
300 and 700 kcal/kg, respectively. The equation evaluated
by the authors estimated the best energy value of good-
quality corn and underestimated the value of lower-quality
corn. According to Albino et al. (1992), the importance
of determining prediction equations for the energy value
of feed is necessary due to the difficulty in performing
bioassays and to the fact that most laboratories do not have a
calorimeter. In this case, working with equations generated
from physical and routine-quality control laboratories, these

results in simple equations can help the nutritionist.
Conclusions

Based on these data, the proposed equation is valid to
estimate the corn energy values according to the physical
quality of the grain.
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