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 ABSTRACT 

An experiment was conducted to determine the chemical 
composition and apparent metabolizable energy (AME) 
and AME corrected for nitrogen (AMEn) of three types of 
cottonseed meal (CM): extruded CM, CM by solvent 
extraction with husk and CM with 40% crude protein 
(CP), two varieties of sorghum and hominy feed. AMEn 
values of CM and sorghum from the existing literature 
were used to create prediction equations using chemical 
composition. Male Ross broilers at 14 days of age (n=210) 
were used in a metabolism assay and housed in 
metabolism cages in groups of five animals with six 
replicates per treatment. A reference diet (RD) and six test 
diets containing the ingredients under evaluation replacing 
40% of RD constituted the set of established treatments. 
The chemical composition of the ingredients was as 

follows: 92.92, 91.80, 89.08, 86.44, 87.19 and 88.50% for 
dry matter, 32.96, 35.11, 40.50, 9.83, 8.17 and 10.80% for 
CP, 17.81, 1.03, 3.59, 2.27, 2.67 and 12.90% for ether 
extract (EE) and the values of AMEn were 2977, 2793, 
2827, 2766, 3117 and 3017 kcal/kg, respectively, for 
extruded CM, CM with hulls, CM with 40% CP, IPA 
sorghum, Dow sorghum and hominy feed. The established 
AMEn equation for CM was -9,158.67 + 1,106.94*CP - 
12.05*CP*CP - 1,866.99*Ash + 100.16*Ash*Ash - 
834.01*Crude Fiber (CF) + 30.43*CF*CF and for 
sorghum was 4,365.59 + 175.41*CP - 10.35*CP*CP - 
99.55*EE + 525.34*Ash - 85.06*Ash*Ash - 1,310.47*CF 
+ 251.61*CF*CF. AMEn values of one sorghum and one 
CM type did not adjust to the prediction equations 
established. 

  
KEYWORDS: cotton seed meal; hominy feed; metabolism; prediction equations; sorghum. 
 

COMPOSIÇÃO QUÍMICA E VALORES DE ENERGIA METABOLIZÁVEL DE 
INGREDIENTES ALTERNATIVOS PARA FRANGOS DE CORTE  

 
RESUMO  

Um experimento foi realizado para determinar a 
composição química e os valores de energia metabolizável 
aparente (EMA) e EMA corrigida para nitrogênio (EMAn) 
de três tipos de farelo de algodão (FA): FA extrusado, FA 
com extração por solvente com casca e FA com 40% de 
proteína bruta (PB); duas variedades de sorgo e farelo 
residual de milho (FRM). Valores de EMAn do FA e do 
sorgo da literatura foram usados para estabelecer equações 
de predição através da composição nutricional. Pintos de 
corte machos Ross (n=210) foram alojados com seis 

repetições por tratamento e cinco aves por gaiola. Foi 
utilizada uma ração-referência (RR) e seis rações-teste 
contendo os ingredientes a avaliar em substituição de 40 
% da RR. A composição química dos ingredientes foi: 
92,92; 91,80; 89,08; 86,44; 87,19; 88,50% de matéria 
seca; 32,96; 35,11; 40,50; 9,83; 8,17 e 10,80% de PB, 
17,81; 1,03; 3,59; 2,27; 2,67 e 12,90% de extrato etéreo 
(EE) e os valores de EMAn foram 2977, 2793, 2827, 
2766, 3117 e 3017 kcal/kg para o FA extrusado, FA com 
casca, FA com 40% PB, sorgo IPA, sorgo Dow e FRM, 
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respectivamente. A equação de EMAn para o FA foi -
9158,67 + 1106,94*PB - 12,05*PB*PB -  1866,99*Cinzas 
(CZ) + 100,16*CZ*CZ - 834,01*Fibra Bruta (FB) + 
30,43*FB*FB e para o sorgo foi 4365,59 + 175,41*PB - 

10,35*PB*PB - 99,55*EE + 525,34*CZ - 85,06*CZ*CZ - 
1310,47*FB + 251,61*FB*FB. Os valores de EMAn de 
uma variedade de sorgo e um tipo de FA não se ajustaram 
às equações de predição estabelecidas.  

 
PALAVRAS-CHAVE: equações de predição; farelo de algodão; farelo residual de milho; metabolismo; sorgo.  
 

INTRODUCTION 
 

In the Brazilian poultry industry, feeding 
expenses account for about 60-75% of total costs, 
being most of it represented by corn and soybean 
meal. The lack of technical information limits or even 
prevents the use of alternative food sources 
(MURAKAMI et al., 2009), thus further studies to 
allow the partial or complete replacement of the most 
expensive ingredients contribute to the viability of 
production. 

Cottonseed meal (CM) is a potential 
ingredient and it can be used as a protein source in 
diets for broilers under low (OJEWOLA et al., 2006), 
medium (PIMENTEL et al., 2007) and high 
(SANTOS et al., 2008) performance conditions. The 
use of CM for poultry is restricted by the lysine 
limitation (AZMAN & YILMAZ, 2005), high crude 
fiber content and the presence of gossypol, but it 
becomes viable when combined with other protein 
ingredients to enhance the protein value of feed and 
substitute protein sources of animal origin. The by-
products resulting from the cotton seed processing for 
oil extraction represent, with a relative availability of 
6%, the third most important source of oilseed protein 
for animal feed in the world (NAGALAKSHMI et al., 
2007; USDA, 2011). In Brazil, the estimated current 
production is 3.2 million tons of cottonseed (CONAB, 
2011). The processing form applied to cottonseed 
provides various types of meal that differ from each 
other in the protein, fiber and residual oil content 
(WALDROUP & KERSEY, 2002). 

Sorghum is an important grass in semi-arid 
regions because of its xerophilous characteristics and 
greater adaptability than corn to harsh conditions of 
lower water availability and high daytime temperature 
(SANCHEZ et al., 2002). The estimated sorghum 
grain production (CONAB, 2011) is 2.3 million tons, 
representing approximately 4.4% of the annual corn 
production in Brazil. The grain presents similar 
nutritional characteristics as corn regarding 
metabolizable energy (SEDGHI et al., 2011), and 
higher crude protein content depending on the 
environment and soil fertility (DOUGLAS et al., 
1990; ANTUNES et al. 2006). As a disadvantage, it 
has lower levels of some amino acids (arginine, 
glycine and histidine) and fewer pigments than corn 
(GARCIA et al., 2005) and presents phenolic 
compounds, phytate and kafirin. Kafirin has a 

negative correlation with amino acid digestibility and 
the true metabolizable energy corrected for nitrogen 
(TMEn) (BYRDEN et al., 2009). Additionally, the 
digestibility of amino acids and carbohydrates in the 
digestive tract of birds is smaller and slower than the 
digestibility of corn because of the 
protein:carbohydrate complex in the endosperm, 
impairing the feed conversion of broilers (BYRDEN 
et al., 2009). 

The residual corn (RCM) is a byproduct of 
industrialization of corn for human consumption. This 
ingredient generated in the dry processing 
corresponds to one third of the industrial corn and 
comprises bark, germ and starch portions extracted 
from the grain, and presents a minimum of 4% of oil 
(BRUM et al. 2000). According to statistical estimates 
(ABIMILHO, 2011), the estimated annual RCM 
availability in the country is 1.1 million tons, being 
traditionally used as feed for dairy cattle. However, 
with the widespread use of enzymes in diets for 
broilers (ADEOLA et al., 2010), there is also an 
expectation for the partial replacement of corn by 
RCM (KACZMAREK et al., 2009). 

 These alternative ingredients show potential 
use in poultry production, but producers still 
considered their inclusion in rations unsafe due to 
uncertainties about their nutritional value. Therefore, 
this experiment was conducted with the following 
objectives: a) to determine the chemical composition 
and apparent metabolizable energy (AME) and AME 
corrected for nitrogen balance (AMEn) of RCM, of 
two varieties of sorghum and three types of CM from 
different processing methods, and b) to establish 
prediction equations for AME of sorghum and CM by 
using the results obtained and literature data. 

 
MATERIAL E MÉTODOS 

 
The experiment was conducted at the research 

laboratory of metabolism of non-ruminant animals of 
the department of Animal Sciences, Federal Rural 
University of Pernambuco (DZ/UFRPE). We 
collected the ingredients – sorghum grain of two 
varieties, residual corn meal (RCM), cottonseed meal 
(CM) submitted to different processing methods 
(extruded CM, CM with bark and CM with 40% 
crude protein) – and analyzed them at the laboratory 
of Animal Nutrition of the DZ/UFRPE for dry matter 
(DM), crude protein (CP), ether extract (EE), crude 
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fiber (CF), ash (A), calcium, phosphorus and gross 
energy using the methodologies described by SILVA 
& QUEIROZ (2002). The calculation of non-
nitrogenous extractive (NNE), expressed on natural 
matter basis, was performed using the formula: 

NNE = 100 - [(DM-100) - A - CF - CP - EE]. 
Subsequently, we developed a metabolism 

trial, using male Ross broiler chicks, to determine the 
apparent metabolizable energy (AME) and AME 
corrected for nitrogen balance (AMEn) of 
ingredients. We used the method of total excreta 
collection, as described by HILL & ANDERSON 
(1958), using the correction factor of 8.22 kcal / g for 
nitrogen retention. We determined the AME and 
AMEn of the ingredients using the equations proposed 
by MATTERSON et al. (1965). 

We housed 210 day-old chicks in battery 
cages, each consisting of six cages, in a climatized 
metabolism room, under continuous lighting (24 hours 
/ day) and average temperature of 23.5 ± 2.8 °C. The 
cages were provided with feeders and drinkers with 
trays covered with plastic, arranged to collect the 
excreta per experimental unit. We divided the birds at 
14 days of age and with an average weight of 396 ± 
10g into seven treatments with six replications in 

randomized blocks and five birds per experimental 
unit. The seven treatments consisted of a reference 
diet based on corn and soybean meal as shown in 
Table 1, and the six test diets contained 60% of the 
reference diet and 40% of the ingredient under 
evaluation. The nutritional composition of the 
reference diet was obtained from a standard table 
(ROSTAGNO et al., 2011). 

We provided water and mash feeds ad 
libitum. The adaptation period of the birds to the diets 
lasted five days, followed by five more days for total 
collection. We used ferric oxide powder as fecal 
marker, homogenized into the experimental diets at a 
ratio of 0.1%, to determine the beginning and end of 
the excreta collection. We collected the excreta twice 
a day, at 8:00 a.m. and at 4:00 p.m.  During data 
collection, we packed the material in plastic bags, then 
properly identified and stored the bags in a freezer at 
a temperature of -20 ºC until the end of the 
experiment, when the samples were homogenized per 
experimental unit. We sent representative samples of 
feed and excreta to the laboratory for analyses of dry 
matter, crude protein and gross energy. 

 

 
 
Table 1. Basal diet composition1 

Ingredients % 
Ground Corn Grain (2 mm sieve) 59.34 
Soybean meal 34.36 
Soybean oil 2.29 
Dicalcium phosphate 1.8 
Limestone 0.89 
Iodized salt 0.49 
DL-methionine 99%  0.24 
L-lysine (78.8%) 0.19 
Vitamin premix2 and micro-mineral3 0.40 
Total 100.00 
1Energy and nutritional composition: 3000 kcal ME / kg; 20.79% crude protein; 0.88% calcium; 0.45% available phosphorus; 0.81% 
methionine + cystine; 0.56% methionine; 1.24% lysine, and 0.21% sodium. 2Concentration levels per kg of diet: vit. A - 15,000 IU; 
vit. D3 – 1,500 IU; vit. E -15 IU; vit. B1 – 2.0 mg; vit. B2 – 4.0 mg; vit. B6 – 3.0 mg; pantothenic acid – 10.0 mg; vit. K3 – 3.0 mg; 
folic acid – 1.0 mg; nicotinic acid – 25.0 mg; vit. B12 – 15 µg; biotin - 120 µg; cholin - 500 mg and selenium - 250 µg. 
3Concentration levels per kg of diet: Mn - 24.0 mg; Fe - 24.0 mg; Zn - 15.0 mg; Cu - 3.0 mg; Co - 0.60 mg; and I - 0.30 mg . 
 

We established the prediction equations of 
sorghum and CM apparent metabolizable energy using 
data published in national and international food 
composition tables. To perform the multiple linear 
regression analyses of prediction, we used the linear 
and quadratic components of the values of the chemical 
composition (EE, CF, CP, A) expressed on dry matter 
basis. Regression analyses were performed using 
Stepwise indirect elimination method (Backward) and 

SAS (2008).  In each equation, the variables were 
maintained with significant effects at 5% probability by 
T test, and when the mean quadratic component was 
significant, the linear component was also kept in the 
equation. The use of NNE values in equations was 
restricted to reduce collinearity effects. After the 
establishment of the initial equations with the selection 
of the predictor variables for the initial data set that 
generated the equation, we compared the predicted 
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value with the value determined in the metabolism trial 
or the tabulated value. After defining the equation by 
the criteria of adjusted R2 and of t test for the estimated 
coefficients, we also adopted additional restriction 
criteria based on the extent of the difference between 
actual and predicted values. As a criterion, we 
established that the difference between these values for 
the ingredients could not be greater than 1% of the 
AMEn of the diets (28-32 kcal) when the level of 
inclusion is optimum, in case of energy ingredient, and 
0.5% (14-16 kcal) in case of proteic ingredient. Thus, 
to include a particular data source to the final prediction 
analysis we adopted restriction criteria of maximum 
deviation between predicted and actual values of 50 
kcal for sorghum (considering 56% of inclusion to the 
diet for broilers) and 75 kcal for CM (18% of inclusion 
to the diet).  
 

RESULTS AND DISCUSSÃO 
 

The types of cottonseed meal we evaluated 
present particular nutritional characteristics, which are 
the result of the processing methods. Extruded CM 
presents low relative CF content (7.56%), due to the 
withdrawal of the bark, and high EE content (17.81%), 
due to the loss of a small fraction of oil during 
extrusion, so the CP content (32.96%) is intermediate 
between the content present in the unprocessed 
cottonseed and the one present in the high-protein meal 

(Table 2). The CM bark obtained via solvent extraction 
has an EE concentration of only 1.03% and CF content 
of 15.94% due to the partial addition of the bark. The 
high protein CM (40.5%) presents a CF content of 
11.9% resulting from the partial addition of bark after 
oil extraction by screw-press. In the process, residual 
oil content remains and the EE concentration is 
3.59%. This CM presents similar CF and CP 
concentration to the findings by EMBRAPA (1991), 
but the EE content is twice higher. The CM with bark 
presents close CF and EE concentrations to the results 
reported by ROSTAGNO et al. (2005; 2011), but in 
this case, the CP concentration is lower. 

As a general rule, the EE concentration in 
cottonseed cake, resulting from mechanical extraction 
via hydraulic press, is between 4% and 8%. However, 
when it results from screw-press processing, cottonseed 
cake maintains EE content between 3% and 5%. By 
solvent extraction, the meal has less than 3% of 
residual oil, and the content is usually close to 
1%. WALDROUP & KERSEY (2002) reported the 
nutritional composition of cottonseed meal or cake 
obtained by solvent or mechanical extraction from 16 
U.S. factories and specified that, due to different kinds 
of management, the highest variability occurs in CF 
and EE concentrations. The CM evaluated in this study 
presented 0.12% of maximum total gossypol. 

 

 
Table 2. Chemical composition of extruded cottonseed meal (CM), CM by solvent extraction and with 
bark and CM with 40% crude protein (CP), IPA sorghum, Dow sorghum and residual corn meal with 
the values of dry matter (DM), crude protein (CP), ether extract (EE), crude fiber (CF), ash (A), calcium 
(Ca) and phosphorus (P), expressed in percentage, and gross energy (GE) expressed in kcal / kg on fresh 
matter basis 

Ingredient DM CP EE CF A GE Ca P 
Extruded CM 92.92 32.96 17.81 7.56 4.80 5365 0.11 0.78 
CM with bark 91.80 35.11 1.03 15.94 5.02 4287 0.10 0.76 
CM with 40% CP 89.08 40.50 3.59 11.90 5.54 4655 0.12 0.94 
IPA Sorghum 86.44 9.83 2.27 1.76 1.07 3903 0.02 0.20 
Dow Sorghum 87.19 8.17 2.67 1.79 0.72 3829 0.01 0.23 
Residual corn meal 88.50 10.80 12.90 5.04 3.90 4638 0.01 0.85 

 
The sorghum grains evaluated belong to 

the genetic group I (tannin-free): IPA 7301011®, 
which is white and presents tannin below 0.10%, 
and Dow Agroscience® 822, which is red. Both 
varieties present testa layer (sublayer below 
pericarp) without pigmentation. Dow sorghum 
presented lower CP content than IPA sorghum and 
lower than the values tabulated by ROSTAGNO et 
al. (2005, 2011) and NRC (1994). The 
concentration of CF, EE and A in both Dow and 

IPA sorghum was lower than the values tabulated 
by NRC (1994) and ROSTAGNO et al. 
(2011). The amount of GE of IPA sorghum is 
similar to the value tabulated by ROSTAGNO et 
al. (2011), while Dow sorghum has a 
concentration of about 100 kcal/kg lower than the 
tabulated value.    

The RCM presented a nutrient composition 
similar to the one described for the corn germ 
meal (ROSTAGNO et al., 2011). The CP and CF 
values were similar to the ones described by NRC 
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(1994); however, EE was much higher than the 
values published by NRC (1994) and BRUM et al 
(2000).  

The AMEn values calculated were, on 
average, 4.84% lower than the AME values (Table 
3). This difference characterizes the extent of 
nitrogen retention by birds. A correction by 
nitrogen balance aims to standardize and reduce 
the variation in AME of ingredients measured and 
applied in different conditions (LOPEZ & 
LEESON, 2008). According to these authors, the 
AME and AMEn values for corn are little affected 
by the age of the chickens and the correction for 
nitrogen retention was consistent at 3%. The 
sorghum cultivars evaluated showed a high 
difference between them, which is potentially 
related to differences in CP content. The 
coefficients of energy metabolism (CEM = 100* 
AMEn/GE) were influenced by the type of 
processing applied in different CM and the 
calculated values were higher than those reported 
by ROSTAGNO et al. (2011), ranging from 40.3 
to 46.7% for CM derived by solvent extraction 
with high (24.93%) and low (13.97%) 
concentration of CF. However, the values were 
close to the value of 58.8% for CM with 12.96% 
CF established by BRUMANO et al. (2006) for 
broilers with an average age of 45 days. The CEM 
for the CM extracted by solvent with low content 
of CF (11.98%), calculated from EMBRAPA 
(1991), is 52.5%.  

The CEM value of Dow sorghum is similar 
to the ones calculated by NAGATA et al. (2004), 
with 80% for ground grain and 81% for whole 
grain; by NUNES et al. (2008) with 81.1%; and by 
ROSTAGNO et al. (2011) with 81.5%. These 
CEM values contrast with the one calculated for 
IPA sorghum, which was closer to the values 

(74.8%) calculated from the data by BRUM et 
al. (2000). For RCM, CEM value was close to the 
one reported (69.0%) by BRUM et al. (2000); 
however, it is lower than the calculated values 
presented in NAGATA et al. (2004), 72.7%, and in 
ROSTAGNO et al. (2011), 74.0%, for corn germ. 

The value of 2977 kcal AMEn/kg 
determined for extruded CM was higher than the 
values established by the national (ROSTAGNO et 
al., 2011) and international tables (NRC, 1994), 
which are 1947 and 1657 kcal/kg, 
respectively. However, the EE concentration of 
extruded CM was much higher than the EE values 
of the CM presented in the tables, and the removal 
of the bark allowed a lower value of CF than at the 
tables. 

BRUMANO et al. (2006) conducted a 
metabolism trial using broilers aged between 41 
and 50 days, and established the value of 2461 
kcal AMEn/kg for CM, which is significantly 
different from the value determined for the age 
between 21 and 30 days (1963 kcal/kg). SHARMA 
et al. (1978) determined a value of 2601 kcal 
AMEn/kg for CM with 89% DM, 12.5% CF and 
7.4% EE, originated by the controlled extraction 
via press.  The CM with 40% CP with AMEn of 
3173 kcal/kg of DM did not show the expected 
adjustment to the equation presented in Table 
4. The factors that contribute to variation on 
energy values in metabolism trials are related to 
the food: physico-chemical composition, 
processing, digestibility and antinutritional 
factors; to the animals: genetics, age and sex; to 
methodology: trial duration, level of inclusion of 
the food, reference diet composition, consumption 
rate; and to the environment (SOARES et al., 
2005; LOPEZ & LEESON, 2008; ADEOLA & 
ILELEJI, 2009). 

 
 
Table 3.  Average values for dry matter (DM), coefficient of energy metabolism (CEM), apparent 
metabolizable energy (AME) and AME corrected for nitrogen (AMEn) of three kinds of cottonseed meal 
(CM), two sorghum cultivars and residual corn meal (RCM) 

Ingredient DM (%) CEM (%) AME (kcal/kg) AMEn 
(kcal/kg) 

Difference (%) AME 
and EMAn 

Extruded CM 92.92 55.5 3131±58.2 2977±60.4 4.92 
CM with bark 91.80 65.2 2944±27.7 2793±22.1 5.13 
CM with 40% CP 89.08 60.7 3016±59.2 2827±72.2 6.27 
IPA Sorghum 86.44 70.9 2908±44.1 2766±45.3 4.88 
Dow Sorghum 87.19 81.4 3206±15.3 3117±64.3 2.78 
Residual corn meal 88.50 65.0 3178±42.3 3017±32.2 5.07 
 
 



37 
 

Ci. Anim. Bras., Goiânia, v.14, n.1, p. 32-40, jan./mar. 2013 

Chemical composition and metabolizable energy… 

 
Regarding IPA sorghum, AMEn was below 

the expected value, disagreeing with ROSTAGNO et 
al. (2011) and NRC (1994), which presented values 
of 3189 and 3288 kcal / kg, respectively. The result 
for the variety of AMEn is close to what is displayed 
at the tables. NAGATA et al. (2004) determined the 
values of 3137 and 3177 kcal AMEn/kg, 
respectively, for ground sorghum and whole grain 
sorghum, showing 88.90% of DM. However, BRUM 
et al. (2000) showed the value of 2954 kcal 
AMEn/kg for low tannin sorghum. IPA sorghum 
with AME of 3200 kcal/kg of DM showed lack of 
adjustment to the equation presented in Table 

4. There are intrinsic factors to the grains of different 
types of sorghum, regarding especially the 
endosperm texture (ANTUNES et al., 2006), which 
interfere with the digestibility of starch 
(BENMOUSSA et al., 2006) and protein (DUODU 
et al., 2003), affecting their actual nutritional value 
for broilers (KRIEGSHAUSER et al., 2006; 
SALINAS et al., 2006). Environmental factors, such 
as water deficit during grain filling, can affect their 
nutritional value, which invalidates the comparison 
between different varieties produced in different 
climatic conditions. 

 
 
Table 4.  Equations for estimating the amount of apparent metabolizable energy corrected for nitrogen 
retention (AMEn) expressed based on dry matter for sorghum and cottonseed meal 
Ingredient Sorghum (n=19) Cottonseed meal (n=13) 
Component Parameter* Coefficient Prob Coeficiente Prob 
 Constant 4365.59 <0.0001 -9158.67 0.0013 

Crude Protein L 175.41 0.0744 1106.94 <0.0001 
Q -10.35 0.0182 -12.05 <0.0001 

Ether Extract L -99.55 0.0008 - - 
Q - - - - 

Ashes L 525.34 0.0002 -1866.99 <0.0001 
Q -85.06 0.0036 100.16 <0.0001 

Crude Fiber L -1310.47 <0.0001 -834.01 <0.0001 
Q 251.61 <0.0001 30.43 <0.0001 

Prob. of the regression model p<0.0001 p<0.0001 
Coefficient of determination  0.9619 0.9908 
Mean prediction error (kcal) 19.63 22.41 
Maximun prediction error (kcal) 44.8 75.5 
Difference between estimated and 
determined** 31 kcal 5 kcal (1) and 13 kcal (2) 

* L = Linear, Q = Quadratic. The parameters that multiply the coefficients present values expressed on dry matter basis. The 
probability presented refers to each of the significant parameters. ** Dow sorghum with AMEn value of 3575 kcal/kg DM and CM 
with determined AMEn values of (1) 3204 kca/kg DM (extruded CM) and (2) 3042 kcal/kg DM (CM with bark). 
 
 

The calculated value of AMEn for RCM was 
close to the one (3040 kcal/kg) reported by BRUM et 
al. (2000), but it was lower than the value (3144 
kcal/kg) presented by ROSTAGNO et al. (2011) for 
corn germ and higher than the value (2896 kcal/kg) 
presented by NRC (1994) for hominy feed. By 
adopting the equation AMEn = 3839.5 + 53.80 x EE 
- 264.46 x MM, proposed by NASCIMENTO et al. 
(2009), to estimate the AMEn values of energy 
concentrate feed for birds, the estimated value for 
RCM is 3060 kcal/kg (on natural matter basis), with 
a difference of 43 kcal/kg, representing 1.4%. 
ROCHELL et al. (2011) argues that the use of GE, 
CP and neutral detergent fiber as parameters to 
estimate corn byproducts produce more accurate 

estimates.  
Pearson’s correlation coefficient between CP 

concentration and AMEn of sorghum was 
significant, indicating that as the level of CP 
increased, the value of AMEn decreased (Table 
5). This result corroborates those obtained by 
BRYDEN et al. (2009), who characterized a negative 
correlation between TMEn and CP levels in 
sorghum, which is conditioned by the formation of 
low digestibility complexes between kafirin and 
carbohydrates. For CM, significant Pearson’s 
correlation coefficients for AME were the EE, 
positively correlated, and the A, negatively 
correlated. 

 



38  SANTOS, M.J.B. et al. 
 

Ci. Anim. Bras., Goiânia, v.14, n.1, p. 32-40, jan./mar. 2013 

 
Table 5.  Pearson's correlation coefficient and significance levels among the components of the nutritional 
composition and AMEn for sorghum and cottonseed meal 
Ingredient Sorghum (n=19) Cottonseed meal (n=13) 
  AMEn p = AMEn p = 
Crude Protain -0.5621 0.0123 -0.1561 0.6105 
Ether Extract 0.0859 0.7266 0.609 0.0272 
Ashes 0.2109 0.3862 -0.5449 0.0542 
Crude Fiber 0.3879 0.1008 -0.3888 0.1892 
 
 

The results presented in Tables 4 and 5 
taken together enable us to interpret CP, CF and A 
in association with their linear and quadratic 
components in the prediction equation of AMEn 
for CM, and to explain the isolated effect EE 
would have.  

 
CONCLUSIONS 

 
AMEn values determined for the types of 

cottonseed meal evaluated are different from the 
values reported in the literature, reflecting 
differences in the adopted processing technology, 
which alters the nutritional composition. Regarding 
sorghum, IPA variety presented lower AMEn value 
than expected, which characterizes that the grain was 
produced under water stress condition.  The AMEn 
equation established for the CM was -9158.67 + 
1106.94*CP - 12.05*CP*CP - 1866.99*A + 
100.16*A*A - 834.01*CF + 30.43*CF*CF, and for 
sorghum, 4365.59 + 175,41*CP – 10.35*CP*CP – 
99.55*EE + 525.34*A – 85.06*A*A – 1310.47*FB 
+ 251.61*CF*CF. The use of prediction equations 
based on the nutritional composition and on the 
imposed restrictions does not allow the estimation of 
AMEn for one variety of sorghum and one type of 
CM evaluated. 
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