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Validation of Prediction Equations to Estimate the Energy Values of
Feedstuffs for Broilers: Performance and Carcass Yield

R. R. Alvarenga, P. B. Rodrigues**, M. G. Zangeronimo®, L. Makiyama, E. C. Oliveira,
R. T. F. Freitas, R. R. Lima? and V. M. P. Bernardino
Animal Sciences Department, Federal University of Lavras (UFLA), Lavras, Minas Gerais, 37200-000, Brazil

ABSTRACT: The objective was to evaluate the use of prediction equations based on the chemical composition of feedstuffs to
estimate the values of apparent metabolisable energy corrected for nitrogen balance (AMEN) of corn and soybean meal for broilers. For
performance and carcass characteristics, 1,200 one-d-old birds (male and female) were allotted to a completely randomised factorial 2x8
(two genders and eight experimental diets) with three replicates of each sex with 25 birds. In the metabolism trial, 240 eight-d-old birds
were distributed in the same design, but with a split plot in time (age of evaluation) with five, four and three birds per plot, respectively,
in stages 8 to 21, 22 to 35, and 36 to 42 d of age. The treatments consisted of the use of six equations systems to predict the AMEn
content of feedstuffs, tables of food composition and AMEn values obtained by in vivo assay, totalling eight treatments. Means were
compared by Scott-Knott test at 5% probability and a confidence interval of 95% was used to check the fit of the energy values of the
diets to the requirements of the birds. As a result of this study, the use of prediction equations resulted in better adjustment to the broiler
requirements, resulting in better performance and carcass characteristics compared to the use of tables, however, the use of energy
values of feedstuffs obtained by in vivo assay is still the most effective. The best equations were: AMEn = 4,021.8-227.55 Ash (for corn)
combined with AMEn = -822.33+69.54 CP-45.26 ADF+90.81 EE (for soybean meal); AMEn = 36.21 CP+85.44 EE+37.26 NFE
(nitrogen-free extract) (for corn) combined with AMEn = 37.5 CP+46.39 EE+14.9 NFE (for soybean); and AMEn = 4,164.187+51.006
EE-197.663 Ash-35.689 CF-20.593 NDF (for corn and soybean meal). (Key Words: Broiler, Feed, Energy Value)

INTRODUCTION

The poultry industry worldwide has seen significant
developments in recent decades, following the increase in
consumption of chicken by the population. In this scenario,
the improvement in nutrition, genetics, health and
management have allowed the continued development of
this activity. However, to adequately meet the nutritional
requirements, it is necessary to use diets that maximize the
utilisation of nutrients.

Currently, the main ingredients used in diets for broilers
are corn, which contributes ~65% of metabolisable energy,
and soybean meal as the main protein source, contributing
energy to a lesser extent. However, for efficient formulation
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of poultry, it is necessary to precisely know the energy
content of the feedstuffs, because the dietary energy balance
can influence the nutrient intake and thus affect the
performance and carcass characteristics of broilers.

The apparent metabolisable energy corrected for
nitrogen balance (AMERN) is often used in the elaboration of
poultry diets. However, there is a wide variation in chemical
and energy composition of feedstuffs, making it difficult to
estimate the correct AMEn values. In practice, some
problems are found in the determination of AMEn values,
such as the time required for the metabolic assay and
different methodologies available. Therefore, nutritionists
have used chemical and energy composition tables of the
feedstuffs used in animal nutrition. However, this practice
has limitations, since the values are derived from
ingredients obtained under various conditions, which can
often lead to the development of unbalanced diets of
broilers. The possibility of using equations to predict the
AMEN values of feedstuffs has been an objective of
researchers (Nascimento et al., 2011ab; Rochell et al., 2011).
The importance of the prediction equations for estimating
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the AMEn values of feedstuffs is the facility to get simple
chemical analysis of the feedstuffs, eliminating the need for
biological testing (in vivo determination), which are
expensive and often lengthy. However, for these equations
to be effective, validation studies using animal tests are
needed (Alvarenga et al., 2011).

The objective of this study was to evaluate the use of
prediction equations to estimate the AMEn values of corn
and soybean meal used in diets for broilers at different ages
and compare them to the use of energy composition tables
or in vivo assays to obtain the energy values of these
feedstuffs.

MATERIALS AND METHODS

The experiment was conducted at the Avian Centre,
Department of Animal Science, Federal University of
Lavras, Minas Gerais, Brazil. The experimental protocol
was approved by the Bioethics Committee of the Federal
University of Lavras.

Experimental design, animals, housing, and diets

Two experiments were conducted: performance and
metabolism. For performance, 1,200 Cobb 500 broiler
chicks (males and females), weighing 46.5+0.4 ¢, were
housed in a brick shed with a floor covered with wood
shavings and fed diets formulated for the different phases (1
to 7, 8to 21, 22 to 35, and 36 to 42 d of age). A completely
randomised design in the factorial scheme 2x8 (2 genders
and 8 experimental diets) with three replicates of each sex
with 25 birds (experimental unit) was used. All boxes were
equipped with feeders and drinkers, whose height was
adjusted according to the age of birds.

Simultaneously, a metabolism trial was conducted,
divided into different phases (8 to 21, 22 to 35, and 36 to 42
d old) to determine the values of metabolisable energy and
coefficient of metabolisability of nutrients of the diets. Two
hundred and forty eight-d-old birds were distributed in the
same experimental design of the performance trial, but with
a split plot in time (phase of evaluation) with five birds per
experimental unit in the 8 to 21 d period, four in the period
from 22 to 35 d and three during 36 to 42 d. In each group
diets were based on requirements suggested by Rostagno et
al. (2005).

The experimental diets consisted of specific diets for
each growth period (1 to 7, 8 to 21, 22 to 35 and 36 to 42 d
old; Tables 1, 2, 3 and 4, respectively), made with AMEn
values of corn and soybean meal estimated by prediction
equations (six equations obtained from the literature) based
on the chemical composition of the feedstuffs: crude protein
(CP), ether extract (EE), nitrogen free extract (NFE),
neutral detergent fibre (NDF), acid detergent fibre (ADF)
and crude fiber (CF); obtained from the energy and
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chemistry composition of food tables (Rostagno et al.,
2005) or obtained from in vivo assays. The treatments were
defined as:

R1: diet formulated using AMEn values (kcal/kg as-fed)
of corn and soybean meal described in Tables (Rostagno et
al., 2005), being 3,381 and 2,256 kcal/kg, respectively;

R2: AMEn values (kcal/kg as-fed) obtained by in vivo
assay, in metabolic cages, being 3,261 and 2,108 kcal/kg;

R3: AMEn (kcal/kg in DM) estimated by equation
prediction showed by Janssen (1989), specific for corn and
soybean meal: AMEnNn (corn) = 36.21CP+85.44EE+
37.26NFE, being 3,834 kcal/kg in DM or 3,336 kcal/kg as-
fed; AMEn (soybean meal) = 37.5CP+46.39EE+14.9NFE,
being 2,548 kcal/kg in DM or 2,264 kcal/kg as-fed.

R4: AMEn (kcallkg in DM) estimated by general
equation for protein and energy feedstuffs) described by
Nascimento et al. (2009) and indicated by Alvarenga et al.
(2011) as more applicable: AMEn = 4,101.33+56.28EE-
232.97Ash-24.86NDF+10.42ADF, being 3,902 kcal/kg in
DM or 3,395 kcal/kg as-fed (for corn) and 2,605 kcal/kg in
DM or 2,315 kcal/kg as-fed (for soybean meal)

R5: AMERn values (kcal/kg in DM) estimated by general
equation for protein and energy feedstuffs described by
Mariano et al. (2012): AMEn = 4,164.187+51.006EE-
197.663Ash-35.689CF-20.593NDF, being 3,890 kcal/kg in
DM or 3,385 kcal/kg as-fed (for corn) and 2,568 kcal/kg in
DM or 2,281 kcal/kg as-fed (for soybean meal).

R6: AMEn values (kcal/kg in DM) estimated by specific
equations proposed by Nascimento et al. (2011 a and b) and
indicated by Alvarenga et al. (2011) due to low standard-
error of estimative in predict the AMEnN values of feedstuffs
for broilers: AMEn (energy feedstuffs) = 4,205.23+30.58EE
-130.35Ash-58.29CF-28.31NDF+16.71ADF, being 3,795
kcal’kg in DM or 3,302 kcal/kg as-fed for corn; AMEnN
(protein feedstuffs) = 2,707.71+58.63EE-16.06 NDF, being
2,668 kcal/kg in DM or 2,370 kcal/kg as-fed for soybean
meal.

R7: AMEn values (kcal/kg in DM) estimated by specific
equations for corn and by-products described by Rodrigues
(2000) and soybean meal and by-products described by
Rodrigues et al. (2002): AMEn (corn) = 4,021.8-227.55Ash,
being 3,799 kcal/kg in DM or 3,306 kcal/kg as fed; AMEn
(soybean meal) = -822.33+69.54CP-45.26 ADF+90.81EE,
being 2,491 kcal/kg in DM or 2,213 kcal/kg as-fed.

R8: AMEn values (kcal/kg as fed) obtained by the
general equation described by Rostagno et al. (2005):
AMEN = 4.31 CPuyigestibiet9.29 EEgigestiblet4.14 ENNgigestible,
being 3,415 kcal/kg for corn and 2,295 kcal/kg for soybean
meal.

Experimental procedure
In the performance trial, birds were weighed at the
beginning and end of each growing phase to determine the
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Table 1. Composition of experimental diets to broilers from 1 to 7 d of age

Item (%) R1 R2 R3 R4 R5 R6 R7 R8
Corn 55.43 52.56 54.89 56.12 55.68 55.38 54.05 56.21
Soybean meal (45% CP) 37.57 38.11 37.67 37.44 37.52 37.58 37.83 37.42
Soybean oil 2.60 4.92 3.03 2.03 2.38 2.63 3.71 1.95
Salt 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52
Dicalcium phosphate 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04
Limestone 0.90 0.89 0.89 0.90 0.90 0.90 0.90 0.90
Vitamin premix* 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Trace mineral premix? 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
L-Lys HCI (78%) 0.30 0.29 0.30 0.31 0.31 0.30 0.30 0.31
DL-Met (99%) 0.33 0.34 0.33 0.33 0.33 0.33 0.34 0.33
L-Thr (98%) 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Choline chloride (60%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Lasalocid (15%) 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Bacitracin zinc (15%) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Composition (in dry matter basis)
GE (kcal/kg)3 4,449 4,569 4,505 4,442 4,457 4,463 4,500 4,407
AMER (kcal/kg)* 3,329 3,321 3,323 3,334 3,335 3,325 3,309 3,317
Crude protein (%)3 24.73 24.83 24.56 25.76 25.63 23.57 24.40 24.09
Digestible Lys (%)* 1.50 1.50 1.50 1.50 1.50 1.50 1.49 1.50
Digestible Met+cyst (%)* 1.07 1.06 1.06 1.07 1.07 1.06 1.06 1.06
Digestible Thr (%)* 0.98 0.97 0.97 0.98 0.98 0.98 0.97 0.97
Calcium (%)* 1.06 1.06 1.06 1.06 1.06 1.06 1.05 1.06
Available P (%)* 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
Ether extract (%)* 6.80 9.25 7.25 6.20 6.57 6.83 7.94 6.09
Crude fiber (%)* 3.99 3.95 3.98 4.01 4.00 3.98 3.95 3.98
NDF (%)* 11.34 11.02 11.24 11.52 11.45 11.37 11.12 11.44
ADF (%)* 6.35 6.31 6.33 6.37 6.38 6.35 6.30 6.35
Ash (%)® 2.90 2.90 291 2.90 291 2.90 2.88 2.89
Electrolyte balance (mEqg/kg)® 213 214 213 213 213 213 213 213

R1 = Elaborated diet with AMEn value of corn and soybean meal described in Brazilian Tables (Rostagno et al., 2005); R2 = AMEn Values obtained in in
vivo assay; R3 = Equations by Janssen (1989); R4 = Equation 1 proposed by Nascimento et al. (2009); R5 = Equation proposed by Mariano et al. (2012);
R6 = Equations 2 proposed by Nascimento et al. (2011a; b); R7 = Equations proposed by Rodrigues (2000) and Rodrigues et al. (2002); R8 = Equation
proposed by Rostagno et al. (2005).

! Contributed per kilogram of diet: 0.8 mg of folic acid, 14.5 mg of pantothenic acid, 0.03 mg of biotin, 18.5 mg of niacin, 10,000 1U of vitamin A, 1.5 mg
of vitamin By, 20.25 1U of vitamin E, 13.5 mcg of vitamin B;, 6.0 mg of vitamin B,, 3.0 mg of vitamin Bs, 2,500 IU of vitamin D3, 2.0 mg of vitamin K;

and 2.5 mg of BHT.

2 Contributed per kilogram of diet: 55 mg of zinc, 0.18 mg of selenium, 0.7 mg of iodine, 10 mg of cupper, 78 mg of manganese and 48 mg of iron.
® Analyzed at in the Laboratory of Animal Nutrition, University Federal of Lavras (Minas Gerais, Brazil).

4 Calculated according to Rostagno et al. (2005).

® Calculated according to Mongin (1980): (Na*, mEg/kg +K*, mEq/kg]-Cl, mEqg/kg).

weight gain. The diets and orts were also weighed to
determine the feed intake. The feed:gain was calculated in
each evaluated period. At the end of the experiment, two
birds with average weight of the experimental unit were
slaughtered for carcass evaluation. Prior to sacrifice, the
birds were fasted for 12 h and weighed immediately. After
slaughter, the animals were plucked and eviscerated and
carcasses without heads and feet were weighed. For the
determination of carcass yield, the weight of the clean
eviscerated carcass and body weight obtained prior to
slaughter was considered. The fat in the abdominal region,
near the bursa of Fabricius and the cloaca was separated and

weighed. The income of breast, wings, thighs, drumsticks
and abdominal fat was calculated considering the weight of
the eviscerated carcass (Mendes et al., 2004).

In the metabolism trial, the technique of total collection
of excreta (Sibbald and Slinger, 1963) was used. The
collections were performed in the last 3d of each evaluated
growing phase (d 19, 20 and 21; 33, 34, and 35; and 40, 41,
and 42, respectively). The excreta were stored in a freezer (-
5°C) until the end of the collection period, when they were
thawed, weighed and homogenised. Next, representative
samples were removed and subjected to pre-drying in a
forced air oven (65°C) to constant weight. After drying, the
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Table 2. Composition of experimental diets (as-fed basis) to broilers from 8 to 21 d of age!

Item (%) R1 R2 R3 R4 R5 R6 R7 R8
Corn 59.55 56.70 58.98 60.23 59.81 59.36 58.16 60.35
Soybean meal (45% CP) 34.07 34.60 34.18 33.95 34.03 34.11 34.34 33.92
Soybean oil 2.48 4.80 2.94 1.93 2.27 2.64 3.61 1.83
Salt 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49
Dicalcium phosphate 1.90 191 191 191 191 191 191 191
Limestone 0.86 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Vitamin premix? 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Trace mineral premix® 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
L-Lys HCI (78%) 0.17 0.16 0.17 0.18 0.17 0.17 0.17 0.18
DL-Met (99%) 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
L-Thr (98%) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Choline chloride (60%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Lasalocid (15%) 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Bacitracin zinc (15%) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Composition (in dry matter basis)
GE (kcal/kg)4 4,505 4,562 4,453 4,475 4,477 4,453 4,507 4,452
AMERn (kcal/kg) ® 3,385 3,377 3,379 3,391 3,392 3,382 3,365 3,373
Crude protein (%)4 23.14 24.36 23.05 23.35 24.32 21.93 23.47 22.83
Digestible Lys (%)° 1.30 1.30 1.29 1.30 1.29 1.30 1.29 1.30
Digestible Met+Cyst (%)° 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Digestible Thr (%)° 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Calcium (%)° 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00
Available P (%)° 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Ether extract (%)* 6.84 9.34 7.26 6.20 6.57 7.00 7.94 6.09
Crude fiber (%)* 3.77 3.72 3.85 3.82 3.76 3.86 3.83 3.80
NDF (%)4 11.59 11.19 11.87 11.72 11.70 11.55 11.10 11.61
ADF (%)* 6.07 6.20 6.20 6.38 6.47 6.21 6.34 6.35
Ash (%)4 2.69 3.14 2.90 2.85 2.97 2.81 2.79 2.72
Electrolyte balance (mEg/kg)® 199 200 200 199 199 199 200 199

 Contributed per kilogram of diet: 0.64 mg of folic acid, 11.6 mg of pantothenic acid, 0.024 mg of biotin, 14.8 mg of niacin, 8,000 IU of vitamin A, 1.3
mg of vitamin By, 16.2 IU of vitamin E, 10.8 mcg of vitamin By, 4.8 mg of vitamin B, 2.4 mg of vitamin Bg, 2,000 1U of vitamin D3, 1.6 mg of vitamin
Ks and 2.0 mg of BHT.

2 Contributed per kilogram of diet: 55 mg of zinc, 0.18 mg of selenium, 0.7 mg of iodine, 10 mg of cupper, 78 mg of manganese and 48 mg of iron.

% Analyzed at in the Laboratory of Animal Nutrition, University Federal of Lavras (Minas Gerais, Brazil).

* Calculated according to Rostagno et al. (2005).

® Calculated according to Mongin (1980): (Na*, mEq/kg+K"*, mEq/kg]-Cl", mEqg/kg).

faeces were ground (using a knife mill with a sieve of 1.0 for the nitrogen retention. The calculations of the apparent

mm) and stored at 4°C until the chemical analyses. metabolisability coefficient (AMC) of dry matter (AMCpy),
crude protein (AMCcp) and ether extract (AMCgg),

Chemical analysis following equations was used:

The DM was determined using an oven (method
943.01), crude protein (CP) by the Kjeldahl method AMC of nutrient (%)
(method 954.01) and ether extract (EE) without acid _ Nutrient consumed - Nutrient excreted>< 100
hydrolysis (method 920.39), according to AOAC (1995). Nutrient consumed
The gross energy (GE) was determined by calorimetric
bomb (model 1261, Parr Instrument Company, Moline, IL, The AMEn, AMCpyv, AMCce and AMCg of
USA). All analyses were conducted in duplicate. experimental diets were evaluated in each growing period.
Calculation of variables Statistical analyses

The energy values of diets were calculated using the The AMERn values of experimental diets were compared

equations proposed by Matterson et al. (1965) and adjusted to the broiler requirements using a confidence interval of
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Table 3. Composition of experimental diets (as-fed basis) to broilers from 22 to 35 d of age®

Item (%) R1 R2 R3 R4 R5 R6 R7 R8
Corn 62.32 59.52 61.72 62.96 62.56 61.99 60.92 63.12
Soybean meal (45% CP) 30.55 31.07 30.66 30.43 30.51 30.61 30.81 30.40
Soybean oil 3.46 5.73 3.95 2.94 3.26 3.73 4.60 2.81
Salt 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Dicalcium phosphate 1.76 1.77 1.76 1.76 1.76 1.76 1.76 1.76
Limestone 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81
Vitamin premix? 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Trace mineral premix® 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
L-Lys HCI (78%) 0.19 0.18 0.19 0.19 0.19 0.19 0.18 0.19
DL-Met (99%) 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22
L-Thr (98%) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Choline chloride (60%) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Lasalocid (15%) 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Bacitracin zinc (15%) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Composition (in dry matter basis)
GE (kcal/kg)* 4,577 4,626 4,557 4,532 4,536 4,617 4,573 4,506
AMER (kcal/kg)® 3,506 3,482 3,497 3,486 3,489 3,495 3,475 3,493
Crude protein (%)4 21.57 21.52 21.19 22.83 22.18 21.92 23.11 22.97
Digestible lys (%)° 1.21 1.21 1.21 1.21 1.21 1.21 1.20 1.21
Digestible Met+Cyst (%)° 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Digestible Thr (%)° 0.79 0.78 0.79 0.78 0.78 0.79 0.78 0.79
Calcium (%)° 0.93 0.93 0.93 0.93 0.93 0.93 0.92 0.93
Available P (%)° 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46
Ether extract (%)4 7.95 10.31 8.44 7.36 7.70 8.21 9.11 7.25
Crude fiber (%)* 3.81 3.53 3.80 3.59 3.84 3.88 3.80 3.94
NDF (%)4 11.48 10.80 11.03 1141 11.46 11.27 10.98 11.40
ADF (%)* 6.03 5.83 6.06 6.08 6.07 6.22 5.86 6.01
Ash (%)4 2.67 2.72 2.70 2.72 2.75 2.67 2.67 2.75
Electrolyte balance (mEg/kg)® 185 185 185 185 185 185 185 185

! See Table 1 for description.

2 Contributed per kilogram of diet: 0.48 mg of folic acid, 8.7 mg of pantothenic acid, 0.018 mg of biotin, 11.1 mg of niacin, 6,000 IU of vitamin A, 0.9 mg
of vitamin B,, 12.15 1U of vitamin E, 8.1 mcg of vitamin By, 3.6 mg of vitamin B,, 1.8 mg of vitamin Bs, 1,500 IU of vitamin D3, 1.2 mg of vitamin K;

and 1.5 mg of BHT.

% Contributed per kilogram of diet: 55 mg of zinc, 0.18 mg of selenium, 0.7 mg of iodine, 10 mg of cupper, 78 mg of manganese and 48 mg of iron.
* Analyzed at in the Laboratory of Animal Nutrition, University Federal of Lavras (Minas Gerais, Brazil).

® Calculated according to Rostagno et al. (2005).

® Calculated according to Mongin (1980): (Na*, mEq/kg+K*, mEq/kg]-Cl', mEg/kg).

95%. The data of performance, carcass and coefficient of
metabolisability of nutrients were subjected to analysis of
variance using the statistical program Sisvar version 5.3
(Ferreira et al., 2011). The following model was used: Yj; =
put+Gi+Dj+GDj+e;; where Y is the dependent variable, p is
the mean, G is the gender, D is the diets, GD, is the
interaction between factors and e is the residual error. SNK
test was used to test treatments in factorial arrangements.
The level of significant difference was set at p<0.05.

RESULTS
During the period of 8-21d of age of broilers, the use of

prediction equations or tables (Rostagno et al., 2005)
resulted in diets with underestimated energy values

compared to the broilers requirements (Table 5). During 22
to 35 d old, the equations proposed by Janssen (1989) and
Mariano et al. (2012) and general equations proposed by
Nascimento et al. (2009) and Rostagno et al. (2005) or the
use of tables (Rostagno et al., 2005) were adequate but the
use of AMEn values of feedstuffs obtained in vivo and the
other prediction equations resulting in diets with high
AMER compared to the requirements for this phase. During
36 to 42 d old, only the equations proposed by Janssen
(1989) and the specific equations proposed by Nascimento
et al. (2011a; b) and Rodrigues (2000) and Rodrigues et al.
(2002) were suited to the values required by the birds. At
this phase, all other equations, as well as tables or equations
proposed by Rostagno et al. (2005), resulted in diets with
AMEN lower than recommended, while the use of energy
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Table 4. Composition of experimental diets (as-fed basis) to broilers from 36 to 42 d of age®
Item (%) R1 R2 R3 R4 R5 R6 R7 R8
Corn 66.43 63.65 65.78 67.03 66.65 65.92 64.99 67.22
Soybean meal (45% CP) 26.78 27.30 26.90 26.66 26.73 26.87 27.05 26.63
Soybean oil 3.41 5.68 3.95 2.92 3.23 3.83 4.59 2.77
Salt 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
Dicalcium phosphate 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62
Limestone 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Vitamin premix? 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Trace mineral premix® 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
L-Lys HCI, 78% 0.23 0.22 0.23 0.23 0.23 0.23 0.23 0.23
DL-Met, 99% 0.20 0.21 0.21 0.20 0.20 0.21 0.21 0.20
L-Thr,98% 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Choline chloride 60% 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Composition (in dry matter basis)
GE (kcal/kg)4 4,522 4,602 4,575 4,526 4,541 4,542 4,544 4,471
AMERn (kcal/kg)® 3,527 3,506 3,540 3,552 3,503 3,514 3,544 3,525
Crude protein (%)* 20.77 20.00 19.99 20.63 20.24 19.94 19.52 23.15
Digestible Lys (%)° 1.14 1.13 1.14 1.15 1.13 1.13 1.14 1.14
Digestible Met+Cyst (%)° 0.82 0.81 0.82 0.83 0.81 0.82 0.82 0.82
Digestible Thr (%)5 0.74 0.74 0.74 0.75 0.74 0.74 0.74 0.74
Calcium (%)° 0.85 0.85 0.86 0.86 0.85 0.85 0.86 0.85
Available P (%)5 0.43 0.42 0.43 0.43 0.42 0.42 0.43 0.43
Ether extract (%)4 7.93 10.28 8.52 7.48 7.71 8.36 9.21 7.24
Crude fiber (%)* 3.52 3.47 3.52 3.56 3.52 3.57 3.49 3.58
NDF (%)4 11.36 10.91 11.00 11.49 11.31 11.30 11.16 11.32
ADF (%)* 5.35 5.08 5.19 5.57 5.06 5.29 5.27 4.88
Ash (%)4 2.37 2.60 2.27 2.63 251 2.43 242 2.58
Electrolyte balance (mEqg/kg)® 170 171 170 170 170 170 170 170

! See Table 1 for description.

2 Contributed per kilogram of diet: 0.32 mg of folic acid, 5.8 mg of pantothenic acid, 0.012 mg of biotin, 7.4 mg of niacin, 4,000 IU of vitamin A, 0.65 mg
of vitamin By, 8.1 U of vitamin E, 5.4 mcg of vitamin By,, 2.4 mg of vitamin B,, 1.2 mg of vitamin B, 1,000 IU of vitamin Ds, 0.8 mg of vitamin Kj

and 1.0 mg of BHT.

% Contributed per kilogram of diet: 55 mg of zinc, 0.18 mg of selenium, 0.7 mg of iodine, 10 mg of cupper, 78 mg of manganese and 48 mg of iron.
* Analyzed at in the Laboratory of Animal Nutrition, University Federal of Lavras (Minas Gerais, Brazil).

® Calculated according to Rostagno et al. (2005).

® Calculated according to Mongin (1980): (Na*, mEq/kg+K"*, mEq/kg]-CI", mEq/kg).

values obtained in vivo was overestimated.

Regarding AMC, the diets with higher EE content had
the highest (p<0.05) values of AMCpy, only during 36 to 42
d of age of broilers, in other words, the use of in vivo values
of AMEn of feedstuffs or obtained by equations proposed
by Janssen (1989) or specific ones proposed by Nascimento
et al. (2011a; b) or Rodrigues (2000) and Rodrigues et al.
(2002) led to the diets with the highest values.

The use of AMEn of feedstuffs obtained in vivo or by
equations proposed by Janssen (1989), Nascimento et al.
(2009) (general equation) and Mariano et al. (2012), that
also resulted in diets with higher EE content, generated
(p<0.05) diets with higher AMCcp during 8 to 21 d of age.
During 22 to 35 d, all diets had similar values, except
(p<0.05) those formulated with AMEn values of feedstuffs
shown in tables (Rostagno et al., 2005) or obtained by the
equation prediction proposed by Janssen (1989), whose

values were lower. During 36 to 42 d, the use of the
equation proposed by Rostagno et al. (2005) resulted
(p<0.05) in higher AMCcp.

Higher values (p<0.05) of AMCge during 8 to 21 d of
age were obtained in diets formulated with AMEn of
feedstuffs obtained in vivo or by equations proposed by
Rodrigues (2000) and Rodrigues et al. (2002). In the
following stages, only the use of in vivo values were
effective (p<0.05), followed by the use of specific equations
of Nascimento et al. (2011a; b) or those proposed by
Janssen (1989) or Mariano et al. (2012) or Rodrigues
(2000) and Rodrigues et al. (2002) in the period 22 to 35 d
of age, and only by Rodrigues (2000) and Rodrigues et al.
(2002) during 36 to 42 d old.

No interactions (p>0.05) between gender and diets was
observed in any variables (Table 6). The diets did not affect
(p>0.05) the weight gain. Lower feed intake was observed
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Table 5. Apparent metabolizable energy corrected to nitrogen balance (kcal/kg as-fed) with respective confidence intervals (95%),
obtained in metabolism trial with broilers diets formulated with energy values of corn and soybean meal obtained from tables, in vivo

assay or prediction equations

Diets

Age (d) / Energy requirements (kcal/kg as-fed)

8-21/3,000 22-35/3,100 36-42 /3,150
R1T 2,934 (2,898; 2,970)2 3,104 (3,068; 3,140)* 3,097 (3,061; 3,133)
R2 2,997 (2,961; 3,033)* 3,271 (3,235; 3,307) 3,276 (3,240; 3,312)
R3 2,931 (2,895; 2,967) 3,105 (3,068; 3,141)* 3,118 (3,082; 3,154)*
R4 2,886 (2,840; 2,912) 3,063 (3,026; 3,100)* 3,059 (3,023; 3,095)
R5 2,865 (2,829; 2,901) 3,071 (3,035; 3,107)* 3,087 (3,051; 3,123)
R6 2,930 (2,894; 2,966) 3,151 (3,115; 3,187) 3,144 (3,108; 3,180)*
R7 2,915 (2,879; 2,951) 3,153 (3,117; 3,189) 3,185 (3,149; 3,221)*
R8 2,867 (2,831; 2,903) 3,073 (3,037; 3,100)* 3,048 (3,012; 3,084)*

! See Table 1 for description. 2 Mean (lower limit, upper limit).

* Appropriate to the broilers requirements according to confidence interval (95%).

(p<0.05) during the total period of evaluation (1 to 42 d)
when diets were elaborated with AMEn values determined
in vivo or estimated by the prediction equation proposed by
Janssen (1989). The feed:gain was lower (p<0.05) when
AMERN values of feedstuffs obtained in vivo were used in all
evaluated periods, except in the first week of age of broilers,
when no difference was observed between the diets.
Regarding equations, those proposed by Rodrigues (2000)
and Rodrigues et al. (2002) showed lower feed:gain during
1 to 21 d of age of broilers, keeping this behaviour in the
later stages. Considering the period of 1 to 42 d old,
equations proposed by Janssen (1989) or Mariano et al.
(2012) showed better feed:gain (p<0.05), similar to the
equations proposed by Rodrigues (2000) and Rodrigues et
al. (2002).

No effect of the diets was observed in carcass traits
(Table 6), except for carcass yield, which was higher
(p<0.05) when AMEn of feedstuffs was obtained in vivo or
by equations proposed by Janssen (1989) or Mariano et al.
(2012) or Nascimento et al. (2011a; b) or Rodrigues (2000)
and Rodrigues et al. (2002).

DISCUSSION

The results show the importance of knowledge of
chemical composition of feedstuffs used for broilers. The
differences observed between the AMEn of diets show the
necessity of using appropriate AMEn of feedstuffs. The use
of tables to obtain the AMEn values of feedstuffs is not
always adequate to meet the requirements of the broilers, as
shown in the phases of 8 to 21 and 36 to 42 d old (Table 5).
This result is probably due to the fact that most studies use
broilers from 22 to 35 d old to determine the AMEn values
of feedstuffs. This suggests the necessity of using more
accurate methods to determine the energy values of
feedstuffs used in broiler nutrition.

It was observed that diets formulated with AMEn values

of feedstuffs obtained in vivo fit the broiler requirements
only during 8 to 21 d of age. Probably, this occurred
because the energy values of the ingredients described in
the tables were determined with broilers in the growth
phase (21 to 35 d old), in which the bird’s digestive
capacity is already more developed. In contrast, the
digestive tract of birds in the pre-initial phase is in early
development, with less ability to digest, which affects the
utilization of the energy content of the ingredient. This fact
was also observed by Nir et al. (1993) in which a value of
3,244 kcal of AME/kg for the first week-old birds was
obtained, and this value was 6% lower than indicated in the
Nutrient of Requirements of Council (NRC, 1994). In the
present work, because the highest AMEn values of the diets
were observed in later stages of growing, and were higher
than those calculated to meet the broilers requirements, it is
suggested that dietary nutrients have a higher capacity of
utilisation in older broilers.

Brumano et al. (2006) observed that the AMEn values
of protein feedstuffs evaluated with broilers from 41 to 50 d
of age was 13% higher than the AMEn values obtained with
broilers from 21 to 30 d old. Kato et al. (2011) also suggest
that broilers until 2 wk take less nutrients of corn. This fact
indicates that with advancing age and the development of
their digestive tract, there is better feed utilization by the
birds.

Regarding the differences observed between the AMEn
values of diets, it was noted that higher oil inclusion
resulted in diets with high levels of AMEn, as verified in
diets formulated with AMEn values determined in vivo or
by equations proposed by Rodrigues (2000) and Rodrigues
et al. (2002). It is known that the presence of higher
amounts of lipids can improve the energy efficiency of the
diet, since these nutrients produce 2.25-fold more calories
than carbohydrates. In fact, it was observed in the present
work that diets with higher AMCg had higher AMEn
values. Moreover, the extra-caloric effect of the oil may
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Table 6. Apparent metabolisability coefficient (AMC) of nutrients, performance and carcass and cuts yield of broilers fed diets
elaborated using prediction equations, composition tables or in vivo assay to estimate the energy values of feedstuffs

Experimental diets? p-value
Item RSD? Diet Gender
R1 R2 R3 R4 R5 R6 R7 R8 D) ©) DxG
AMC of dry matter (%)
8-21d 73.95 74.53 74.61 74.15 73.62 73.03 73.40 7384 125 003 053 051
22-35d 76.05 76.97 76.00 76.64 76.57 76.62 76.60 76.16
36-42d 74.85°  76.44°  76.04° 7521  7540° 7593 7633  7563°
AMC of crude protein (%)
8-21d 64.35°  67.90° 65.32°  66.01* 66.41*° 61.75° 64.38° 64.82° 360 <001 014 044
22-35d 62.49°  66.20° 63.77° 67.33°  67.47°  66.60° 67.55°  67.02°
36-42d 62.41°  63.82° 61.90° 61.60° 60.84°  63.06° 64.41°  67.70°
AMC of ether extract (%)
8-21d 80.26°  86.25°  80.76°  72.95%  77.92° 81.33° 84.83"  77.07° 297 <001 087 0.16
22-35d 82.54° 8832  85.92° 80.97° 8497  8355°  84.49°  80.25°
36-42d 80.03°  86.92*  81.12°  79.68°  80.12°  80.34°  83.15°  79.58°
Weight gain (g/bird)
1-7d 129 125 124 125 128 130 131 126 434 021 045 061
1-21d 877 882 864 870 874 885 892 872 285 060 <001 0.87
1-35d 2,133 2,138 2,111 2,095 2,147 2,145 2,155 2,127 293 073 <001 076
1-42d 2,838 2,846 2,811 2,797 2,865 2,826 2,865 2,787 204 018 <001 081
Feed intake (g/bird)
1-7d 153 142 150 148 149 149 154 148 495 022 033 067
1-21d 1,261 1,220 1,241 1,268 1,247 1,259 1,254 1,259 262 029 <001 074
1-35d 3,352 3,263 3,352 3,375 3,361 3,391 3,389 3,427 312 031 <001 0.70
1-42d 4853° 46490  4711° 4866  4,818°  4808°  4,802°  4,831° 189 <001 <001 081
Feed:gain
1-7d 1.19 1.13 1.2 1.19 1.16 1.14 117 118 408 025 039 062
1-21d 1.44° 1.39° 1.44° 1.46¢ 1.43° 1.43° 1.41° 145° 1.01 <001 <001 059
1-35d 157° 153° 1.59° 1.61¢ 157° 1.58° 157° 161° 144 <001 <001 068
1-42d 1.72° 1.64° 1.68° 1.74° 1.69° 1.71° 1.68° 1.74° 132 <001 <001 0.72
Carcass
Carcass yield (%) 73.38°  76.04°  7575°  7453°  7520° 7559°  7590°  73.64° 180 <001 030 0.77
Chest yield (%) 38.18 39.17 38.93 39.62 38.49 39.42 38.62 3828 432 075 002 0.89
Back yield (%) 22.76 21.93 23.01 22.40 23.12 22.70 22.96 2245 467 057 059 0.83
Thighs+drumsticks 28.82 28.6 27.93 27.97 28.21 27.78 28.24 29.03 411 052 <001 0.65
yield (%)
Wings yield (%) 10.35 9.91 10.04 10.14 9.91 10.08 9.74 1024 477 044 052 088
Abdominal fat (%) 1.97 1.68 1.66 153 1.87 1.77 15 202 1111 018 012 059

! See Table 1 for description. 2 RSD = Relative standard deviation (%).

a0 Values with different letters within a row are different by SNK test (p<0.05).

have a direct influence on nutrient digestibility (Sakomura
et al., 2004). In this case, it is important to consider the
adequate energy balance of diets, since low energy limits
the development of tissues and the excess reduces the intake
of essential nutrients.

Regarding AMCcp, this value represents the coefficient
of nitrogen retention by birds. According to Tesseraud et al.
(2011), the AMCcp are related to the amino acids balance in
the diet since the lack or excess of one or more amino acids
may interfere with synthesis of protein in tissue. Although
the amino acid profile was the same between the
experimental diets, the use of the dietary amino acids is
related to the digestibility of protein, which in turn depends
on the presence of other nutrients in the diet, such as lipids

or fibres. In this study, all diets had similar values, although
they differed statistically but with no relation to the
performance or carcass traits.

The results obtained with performance show that the
adequate adjustment of the dietary energy in diets for
broilers in the initial phase of growing is essential for the
development of the birds in the later stages. In the present
study, the use of AMEn values of feedstuffs determined in
vivo to formulate diets was the only one that met the
requirements of broilers during 8 to 21 d of age (Table 5),
whereas other sources used to obtain the AMEn values
resulted in diets with energy values lower than
recommended. On the other hand, the performance could
also be related to different levels of oil used that could
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influence the use of dietary nutrients. It is important to
emphasise that the addition of oil was related to food energy
values estimated by equations, tables, or in vivo assay.

Influence of energy levels of diets on performance can
be found in the literature. Positive results of performance
with increase of the AMEn levels in diets were observed by
Mendes et al. (2004), Sakomura et al. (2004), Duarte et al.
(2007) and Dozier et al. (2011). On the other hand, some
studies have shown negative effects of energy levels in the
feed:gain (Albuquerque et al.,, 2003) and weight gain
(Xavier et al., 2008), probably due to the imbalance
between major nutrients in cellular metabolism. These
studies reinforce the necessity of knowing the actual energy
value of feedstuffs, avoiding unbalanced diets for poultry.

Regarding the characteristics of carcasses, the results
showed that the use of different energy values of feedstuffs
could influence the carcass yield of broilers. Andreotti et al.
(2004), when working with oil levels ranging from 0 to
9.9%, found that this nutrient may also influence abdominal
fat and carcass traits. On the other hand, Monfaredi et al.
(2011) claim that oil supplementation in low-energy diets
can reduce the abdominal fat and improve the carcass yield,
arguing that the presence of lipid spares the use of amino
acids as energy sources, these being directed towards
protein synthesis. In the present work, the greater carcass
yield may be related not only to the presence of oil in the
diets, but also to the different energy levels. The best
combinations of corn, soybean meal and soybean oil
resulting from the use of certain equations or values of
AMEN of feedstuffs obtained in vivo led to the balance of
nutrients adequate to the bird's metabolism, improving the
carcass yield.

Overall, considering all parameters, the best equations
were the specific ones proposed by Janssen (1989) or
Rodrigues (2000) and Rodrigues et al. (2002) and also the
general equation proposed by Mariano et al. (2012). The
equations proposed by Rodrigues (2000) and Rodrigues et
al. (2002) are specific equations for corn and soybean and
their respective by-products, while the equations proposed
by Janssen (1989) are specific to corn and soybean only. On
the other hand, the equation presented by Mariano et al.
(2012) is indicated for any concentrated feedstuffs used for
broilers. However, further studies should be performed
regarding this last equation to test the effectiveness with
other foods.

In this study, it was found that all equations were better
than the use of tables of chemical and energy composition
of feedstuffs, resulting in broilers with better performance
and carcass yield. Despite these indications, no equations
were as efficient as the use of AMEn of food obtained in
vivo. The results suggest that knowledge of the energy value
of food is important, since this directly influences the
energy values of diets.
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