Sedghi et al.

Iranian
chAurTigc{
OAn%pr’nal
Science

Application of Mathematical Models to Estimate Metabolizable

Energy Contents of Energetic Concentrate Feedstuffs for Poultry

Research Article
P. Soleimani Roudi’

M. Sedghi’, K. Tayebipoor®, B. Poursina®, M. Eman Toosi’ and

* Kian Jooje Aria Company, Mashhad, Iran

Received on: 12 Jul 2013
Revised on: 10 Sep 2013
Accepted on: 15 Sep 2013
Online Published on: Sep 2014

*Correspondence E-mail: pa_soleimani@yahoo.com
© 2010 Copyright by Islamic Azad University, Rasht Branch, Rasht, Iran

Online version is available on: www.ijas.ir

ABSTRACT

A study using 51 wheat, 56 barley and 34 oat grain samples was conducted to investigate the feasibility of
predicting the apparent metabolizable energy (AME) value of these cereals for poultry. Stepwise regression
analyses were performed to evaluate the relationship of AME with starch, ether extract (EE), crude fiber
(CF), soluble sugar (SS), ash and crude protein (CP) (for wheat and barley grain samples) or dry matter
(DM), CF, ash and CP (for oat grain samples) as independent variables. According to the stepwise regres-
sion analyses, SS, CF and ash for wheat, CF, EE and starch for barley and CF and CP for oat were found to
be useful predictors for AME prediction. Also, multiple linear regression (MLR) and artificial neura net-
work (ANN) methods were devel oped to find the best models which can estimate the AME content of these
cereals. Mean sguare deviation, Mean square variation and their components were used to evaluate the per-
formance of MLR and ANN models. The results showed that AME of wheat can be predicted by SS, CF
and ash. The CF, EE and starch are good independent variables to estimate AME content of barley samples.
Also, CF and CP are good predictor parameters for AME prediction in oat samples. In case of model per-
formance, the accuracy of the ANN model was stronger than MLR. Based on these resullts, it was concluded
that the use of chemical composition in combination with the ANN model is a promising method to predict
AME of wheat, barley and oat grain samplesin poultry nutrition.

(A0 artificial neural network, chemical composition, metabolizable energy, multiple
linear regression, stepwise regression.

INTRODUCTION

Cereal grains are important feed ingredients to meet the
energy requirement for poultry. Different cultivars of each
cereal grains vary widely in metabolizable energy (ME)
content as a result of variation in chemical composition
according to genotype (Sibbald, 1976; Classen et al. 1988),
location and environmental conditions under which the
grains are grown (Jeroch and Danicke, 1996). In order to
enhance energy efficiency and optimize poultry perform-
ance it is suggested that the metabolizable energy value of
feedstuffs be measured before feed formulation. However
AME determination requires elaborate assays, use of test

animals, sample collection, and bomb calorimetry which
can take several weeks and is costly. Therefore, nutrition-
ists are interested in developing simpler, rapid, inexpensive
and accurate methods to estimate the nutritional values of
feedstuffs based on chemical composition.

Severa chemical factors influence ME of cereals, includ-
ing starch, crude protein (CP), non-starch polysaccharides
(NSP) and ether extract (EE) content (Metayer et al. 1993;
Zhang et al. 1994; Lozano et al. 1995; Steenfeldt, 2001;
Svihus and Gullord, 2002; Pirgozliev et al. 2003; L osada et
al. 2009). Previous studies demonstrated that there is a neg-
ative correlation between protein content and AME of
wheat grains (Svihus and Gullord, 2002). Also some studies
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suggested that the fiber fraction should be considered when
the chemical composition is used to establish a regression
equation for predicting the ME of feedstuffs (Noblet and
Perez, 1993; Fairbairn et al. 1999; Nascimento et al. 2011).
Nascimento et al. (2011) predicted AME, values of ener-
getic feedstuffs using chemical composition by meta
analysis and used the stepwise procedure to study the asso-
ciation among equation variables by their importance. They
demonstrated that NDF and ADF variables are influencing
the feedstuffs energetic values. Villamide et al. (1997) re-
ported that there are significant relations among AME,
values of supplemented barley cultivars and EE, NSP and
sugars of them. Metayer et al. (1993) found that there is a
noticeable correlation between starch, crude fiber (CF) and
ME in oat. Losada et al. (2009) used regression equations
to estimate metabolizable energy of some grains using dry
matter (DM), EE, ash, total sugars and CF. Although muilti-
ple linear regression (MLR) has been used to predict the
ME in severa cereals, artificial neural network (ANN) is
another candidate that can be successfully used to estimate
the AME content of cereals. The ANN is modeling tech-
nique that is especially useful to address problems where
solutions are not clearly formulated or where the relation-
ships between inputs and outputs are not sufficiently known
(Roush et al. 1996; Roush and Cravener, 1997). Successful
ANN applications have been found in various poultry sub-
jects, such as in the prediction of ME, amino acid and tan-
nin of cereals (Ebadi et al. 2011; Sedghi et al. 2011; Sedghi
et al. 2012; Soleimani Roudi et al. 2012; Mariano et al.
2013).

The primary goal of this study was comparison between
ANN and MLR and their performance. Also the perform-
ance of the models was compared and the best predictor for
AME estimation was selected from their chemical composi-
tion of tested ceredls.

MATERIALS AND METHODS

Three data groups were collected from Sibbald and Price
(1976), Coates et al. (1977), and Peltonen Sainio et al.
(2004) studies to predict the AME value of wheat, barley
and oat samples based on their chemical compositions. Se-
guential multiple linear regression analyses (stepwise pro-
cedure) were used to select the effective model’s inputs for
AME prediction. Starch, EE, CF, soluble sugar (SS), ash
and CP were used to select the effective parameters for pre-
diction of AME in wheat and barley grain samples. The
DM, CF, ash and CP were the candidates for selection of
model’s inputs to estimate AME in oat grain samples.
Stepwise regression analysis was conducted using SAS
(SAS, 2003). Subsequently, independent variables that
caused a significant improvement (P<0.05) in stepwise re-
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gression, were used for prediction of AME of wheat, barley
and oat grain samples by MLR and ANN models (Table 1).
The ranges of data patterns (input-output) which selected
based on stepwise regression, for wheat, barley and oat
grain samples are shown in Tables 2, 3 and 4, respectively.

L)l The significant inputs (obtained via stepwise regression) and their
contribution for predicting AME of wheat, barley and oat

Samples Variable entered R? F-value P>F
Soluble sugar 0.261 17.33 < 0.0001
Soluble sugar +
Wheat crude fiber 0.482 2234 <0.0001
Soluble sugar +
crude fiber + ash 0.594 22.96 <0.0001
Crude fiber 0.406 36.98 < 0.0001
Crude fiber + ether
Barley extract 0.486 25.04 <0.0001
Crude fiber + ether
extract + Starch 0.547 20.90 <0.0001
Crude fiber 0.597 47.33 <0.0001
Oat i
Crudeflber_+ crude 0.651 28.94 < 0.0001
protein

The collected data lines (using stepwise regression) were
randomly divided into two sets; the 70% of data were se-
lected as training and 30% of the data were used for testing
data. In this study atype of ANN as multilayer perceptron
(MLP) was employed. Furthermore, feed forward neural
network (a special type of artificial neura network) was
used to construct the models. We trained neural networks
with vary the number of hidden units (4 and 6).

All data processing algorithms were implemented with
the STATISTICA networks software (Stat Soft, 2009).
Multiple linear regressions were used as a comparison con-
trol for the ANN procedures. The MLR model construction
obtained using 70% of data which had been used for train-
ing in ANN models. The remaining (30%) data were used
to test the MLR equations. The PROC REG of the SAS
(SAS, 2003) was used for regression analyses. The ANN
and MLR models performance tested using mean sguared
deviation (MSD), squared bias (SB), squared difference
between standard deviations (SDSD), lack of correlation
weighted by the standard deviations (LCS) and mean
squared variation (MSV) as described by Kobayashi and
Salam (2000).

RESULTS AND DISCUSSION

By considering result obtained from stepwise regressions,
SS, CF and ash are the most important factors that can be
used as independent variables to predict AME of wheat
samples, while CF, EE and starch are useful inputs for
AME estimation in barley. In case of oat, CF and CP have a
significant effect on AME value. The MLR equations for
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The selected parameters obtained via stepwise regression used to The selected parameters obtained via stepwise regression
predict AME of wheat samples by multiple linear regression and neural used to predict AME of barley samples by multiple linear regression
networks models and neural networks models
Wheat Inputs (g/kg of DM) Output Barely sam- Inputs (g/kg of DM) bt
(MJIkg) les (MJkg)
samples Solublesugar  Crude fiber Ash AME P Starch  Ether extract  Crude fiber AME
1 31.40 35.70 1480  14.92 1 700 19.00 55.10 11.70
2 37.00 35.40 1710 1446 2 622 18.50 61.10 11.95
4 35.30 42.00 1960  14.30 4 676 18.90 50.30 13.96
5 32.00 38.10 1570 1513 5 656 19.50 54.90 13.04
6 27.20 41.70 1580  14.71 6 618 17.60 67.70 13.59
7 31.70 35.60 1680 1534 7 685 16.10 58.30 13.33
8 28.00 35.30 1530 1522 8 622 14.20 71.00 13.63
9 31.20 33.70 1880  14.71 9 633 20.30 64.60 12.87
10 27.10 32.20 1740 1547 10 649 19.20 61.70 13.67
11 33.60 32.70 1750 1517 1 657 16.10 52.00 1354
12 34.30 38.30 1370  14.96 12 664 17.50 61.00 13.46
13 38.40 35.20 2140 1413 13 668 20.30 53.20 14.25
14 34.60 33.60 2080  14.67 14 607 1570 57.80 14.34
15 27.90 37.00 1670  14.63 15 617 16.40 64.90 12.67
16 43.10 26.20 3020 1476 16 629 17.60 56.40 13.17
17 25.60 32.90 1850  14.84 17 569 1340 70.00 1271
18 28.80 34.40 1920  14.09 18 617 14.00 62.20 12.16
19 34.50 36.10 1900  14.17 19 584 12.70 79.90 12.04
20 51.50 33.60 2660 1170 20 674 26.00 46.40 13.25
21 32.70 34.20 1580  14.55 21 543 11.70 58.10 14.00
22 32.70 31.40 2000 1522 22 623 21.00 56.30 13.54
23 29.40 38.60 1820 1522 23 634 18.30 56.40 13.46
24 33.40 32,60 2440 1505 24 643 18.40 54.70 12.83
25 29.90 3450 1360 1484 25 624 12.10 66.30 11.24
26 35.20 34.00 2160 1555 26 578 17.20 70.20 1279
27 35.10 29.30 2200 1542 27 607 14.10 83.00 9.86
28 30.40 34.70 1830  15.05 28 546 11.70 80.90 11.54
29 32.80 41.50 2090 1384 29 565 14.80 75.50 14.13
30 27.10 37.80 2060 1434 30 572 9.80 95.60 11.45
31 24.10 35.80 2120 1413 31 607 13.00 74.20 11.16
32 38.00 39.30 1940  14.04 32 633 16.00 50.60 13.46
13 35.70 40,60 2080 1359 33 662 14.30 58.30 10.99
34 33.90 37.50 2260 1413 34 540 18.00 57.90 14.34
35 33.50 34.50 2220 1384 35 607 9.90 50.90 12.25
36 36.30 29.00 15.40 15.93 36 578 11.70 81.10 10.58
37 29.10 28.00 1610 1534 37 538 14.30 93.50 1175
38 33.70 30.00 3090 1459 38 603 14.10 71.30 1195
39 23.50 26.00 1890  15.68 39 642 15.00 47.90 13.75
40 29.60 34,00 1810 1538 40 597 1520 73.00 12.96
41 36.70 29.00 3320 1442 41 654 22.10 48.30 14.30
43 41.80 35,00 1510  14.84 43 639 21.60 53.20 14.17
44 29.10 30.00 1950 1505 44 668 24.40 54.70 14.38
45 28.90 34.00 1900 1513 45 647 22.10 45.30 14.13
46 36.90 34,00 2050 1517 46 652 22.00 50.70 1350
a7 30.00 28.00 1980  15.72 47 618 24.10 66.20 12.96
48 32.10 28.00 2420 1568 48 639 27.00 58.90 13.88
49 32.90 29.00 2000 1576 49 648 23.40 53.90 1379
50 36.80 29.00 1890 1555 S0 631 31.60 71.70 1317
51 30.60 28.00 1590  15.63 51 654 24.30 49.90 13.67
52 648 25.80 49.50 1371
. . . ) ) 53 657 26.20 62.90 14.25
AME prediction esxapl i §hed by traini pg dataset is shown. in 54 632 25 50 45.50 1363
Table 5. Alsothe statistical valuesderived from multiple lin- 55 631 25.80 62.10 1354
ear regressions and artificial neural network models using 56 643 19.60 38.90 14.04
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testing data set are presented in table 6. These parameters
were obtained from a comparison between experimental
data with model predicted data using testing data sets. The
goodness of fit in terms of R corresponding to testing of the
ANN model showed a higher accuracy of prediction than
the equation established by the regression method for wheat
(0.918 vs. 0.618), barley (0.902 vs. 0.701) and oat (0.888 vs.
0.829).

LI The selected parameters obtained via stepwise regression used
to predict AME of oat samples by multiple linear regression and neural
networks models

LR The multiple linear regressions eguation established by
training data set to predict AME of grain samples

Grain Multiple linear regression
Wheat AME= 20.97-0.03 CF - 0.11 SS- 0.06 ash

Barley AME= 20.86 - 0.01 starch + 0.09 EE- 0.05 CF

Oat AME=18.55- 0.03 CF - 0.01 CP
AME: apparent metabolizable energy (MJkg DM); SS: soluble sugar (g/kg
DM); CF: crude fiber (g/kg DM); EE: ether extract (g/kg DM) and CP: crude
protein (g/kg DM).

The statistic values (derived from testing data sets) obtained by
multiple linear regression and artificial neural network models to
estimate the AME vaue of wheat, barley and oat samples based on
chemical composition

Ot samples Inputs (g/kg of DM) Output (MJIkg) Statisti Wheat Barley Oat

P Crudefiber ~ Crude protein AME Cs MLR ANN MLR ANN MLR ANN
1 91.60 130.59 14.21 R? 0618 0918 0701 0902 0829 0.888
2 91.30 119.52 14.25 sB 0.046 0025 0000 0012 0015 0.090
3 99.50 139.34 13.59 SDSD 0160 0010 0347 0249 1692 0001
4 144.60 102.03 12.83 LCS 0128 0076 0288 0101 0393 0336
5 112.10 107.86 12.54 MSD 0334 0111 0635 0362 0558 0427
6 104.30 128.84 13.63 MSV 0288 0085 0635 0350 0543 0337
7 135.10 127.09 13.38 SB: squared bias; SDSD: squared difference between standard deviations; LCS:
8 105.20 13351 13.04 Iack‘ gf correlation weighted by theAstlandard deviations; MSD: mean squared

deviation and MSV: mean squared variation.

9 122.90 130.01 321 MLR: multiple linear regression and ANN: artificial neural network.
10 126.30 143.42 12.16
11 188.60 113.10 9.74 i o .
1 133.00 12243 1233 method (Metayer et aI.. 1993; NRC, 1994; Villamide et al.
13 117.20 116.60 13.92 1997). Sibbald and Price (1976) measured the ME values,
14 115.70 177.82 12.33 physical characteristics and chemical compositions of Ca
15 145.00 163.24 10.74 nadian wheat, barley and oat grain samples to use the data
16 105.30 124.76 1225 to test published indirect assays for ME. Similar to our re-
7 113.80 107.86 13.71 sult they found that the correlations between observed and
18 61.50 141.67 15.80 odicted ME val tcularly high for oats and
19 30,60 148.67 14.63 predic values were par |_cu ar.y igh for oats an
20 130.10 125.93 12.96 poorer for wheat and barley Villamide et al. (1997) ex-
21 124.60 113.10 11.95 pressed that no relationship was found between AME,, of
22 140.10 104.94 13.42 un-supplemented barley cultivars and their chemical com-
23 117.10 134.67 1116 position, while there was a stronger relationship between
24 124.00 132.34 1350 chemical compositions and AME, for enzyme
25 126.60 131.18 11.54 P n 2y
%6 109.30 135.84 11.16 supplfemented barlfey. Metayer et al. (1993) measurgd
27 15.40 171.99 15.97 chemical composition and ME of the cereals grown in
28 28.80 153.33 15.47 France. They reported that prediction of ME of wheat and
29 112.00 114.00 1388 barley from chemical results is not satisfactory because of
30 10000 134.00 13.98 the low accuracy. However, they detected that there were
31 116.00 113.00 13.98 q olati bet sarch de fib q
2 11800 160.00 1358 good correlations between starch, crude fiber and gross
33 96.00 127.00 14.28 energy with ME of oat grans. They used CF, CP, EE and
34 108.00 130.00 13.98 starch and established four predictive regressions equations

In terms of others error parameters, the ANN model gen-
erally showed lower error than that of regression model in
testing data sets (Table 6). Based on the current results, it is
evident that the prediction of AME content of wheat, barley
and oat grains as a function of chemical composition
through ANN model provides much more accurate values
than those with MLR model. There are many prediction
equations with use of chemical compositions to determine
the energy content of wheat, barley and oat via regression
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for energy estimation of oat grain with r’=0.82. Similarly
we found good correlation between CF and CP with AME
of oat grain samples (R*=0.829). Choct et al. (1999) dem-
onstrated that there was no correlation between AME and
starch content of wheat. They resulted that this finding is
consistent with AME of wheat being influenced more by
the anti-nutritive effect of NSPs rather than there being an
absolute shortage of energy in the grain. While Mc Cracken
and Quintin (2000) and Svihus and Gullord (2002) find the
positive correlation between starch content and AME value
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of wheat. Svihus and Gullord (2002) determined that fiber
content was negatively correlated to AME. Paris (2000)
demonstrated that there is an inverse relationship between
fiber concentration and energy per unit of feed, thus high
fiber content has been an issue of concern in feeding bar-
ley-based diets due to lower ME values. This result corre-
sponds well to finding in the present study. We find a nega-
tive correlation between CF and AME of wheat, barley and
oat grain samples. Furthermore, we observed that when
starch or starch and EE plots to AME for barley samples,
there was a positive correlation between them. While when
CF added, effect of starch change and be negative. It's
maybe due to the strong effect of CF on AME of barley
samples. Based on our results and review published studies,
it seems that chemical compositions can be used as a rapid
method for estimation of metabolizable energy in cereals
but not always with strong correlation.

Although estimation of the AME value in feedstuffs has
been reported in several studies, these equations aren’'t used
widely in poultry feed formulation because of poorer accu-
racy and precision. Finding the novel mathematical models
with good accuracy and precisely may make these equa-
tions acceptable to be used by nutritionists. The ANN mod-
els are good candidates that can improve this application.
There are some studies that used ANN model for prediction
of cereals metabolizable energy (Lozano et al. 1995; Sedghi
et al. 2011; Soleimani Roudi et al. 2012). Lozano et al.
(1995) predicted the AME of barley with 12 easily obtain-
able analytical parameters by applying neural networks and
found correlation coefficient of 0.82. Also, Soleimani
Roudi et al. (2012) used NSP and / or DM, ash and CP to
predict ME of wheat grains and demonstrated that the ANN
model was an accurate method for prediction of AME as
compared with MLR and partial least square methods. The
main goal of previous studies on neural networks was to
introduce this method as a powerful tool that can be used in
nutrition subject. Based on published article about ANN
ability, it seems that this method can be a powerful tool in
nutrition area and may terminate nutritionist’s concern
about the applicability of mathematical model in nutrition
science.

CONCLUSION

The results showed that AME can be predicted by chemical
compositions. The MLR method is just able to produce a
very rough estimate of AME. In comparison the ANN is
capable to pursue the fluctuations of AME and could be
considered as a promising tool in AME prediction.

REFERENCES

Choct M., Hughes R.J. and Annison G. (1999). Apparent

571

metabolisable energy and chemical composition of Australian
wheat in relation to environmental factors. Aust-tralas J. Agr.
Res. 50, 447-451.

Classen H.L., Campbell G.L. and Grootwassink JW.D. (1988).
Improved feeding value of Saskatchewan-grown barley for
chickens with dietary enzyme supplementation. Can. J. Anim.
Sci. 68, 1253-1259.

Coates B.J., Srrucer S.J,, SurvrrTtns J.D. and Bayley H.S. (1977).
Metabolizable energy values and chemical and physica
characteristics of wheat and barley. Can. J. Anim. Sci. 57, 195-
207.

Ebadi M.R., Sedghi M., Golian A. and Ahmadi H. (2011).
Prediction of the true digestible amino acid contents from the
chemical composition of sorghum grain for poultry. Poult. Sci.
90, 2397-2401.

Fairbairn S.L., Patience JF., Classen H.L. and Zijlstra R.T.
(1999). The energy content of barley fed to growing pigs:
Characterizing the nature of its variability and developing
prediction equations for its estimation. J. Anim. Sci. 77, 1502-
1512

Jeroch H. and Danicke S. (1996). Barley in poultry feeding: a
review. World Poult. Sci. J. 51, 271-291.

Kobayashi K. and Salam M.U. (2000). Comparing simulated and
measured values using mean squared deviation and its
components. Agr. J. 92, 345-352.

Losada B., Garcia Rebollar P., Cachaldora P., Alvarez C., Mendez
J. and Deblas C. (2009). A comparison of the prediction of
apparent metabolisable energy content of starchy grains and
cereal by-products for poultry from its chemical components,
in vitro analysis or near-infrared reflectance spectroscopy.
Span. J. Agric. Res. 7, 813-823.

Lozano J., Novic M., Rius F.X. and Zupan J. (1995). Modelling
metabolic energy by neural networks. Chemometr. Intel. Lab.
Sys. 28, 61-72.

Mariano F.C., Paixdo C.A., Lima R.R., Alvarenga R.R,
Rodrigues P.B. and Nascimento G.A. (2013). Prediction of the
energy values of feedstuffs for broilers using meta-analysis
and neural networks. Anim. 7, 1440-1445.

Mc Cracken K.J. and Quintin G. (2000). Metabolisable energy
content of diets and broiler performance as affected by wheat
specific weight and enzyme supplementation. Br. Poult. Sci.
41, 332-342.

Metayer JP., Grosean F. and Castaing J. (1993). Study of
variability in French cereals. Anim. Feed Sci. Technol. 43, 87-
108.

NRC. (1994). Nutrient Requirements for Poultry. Sth rev. ed.
National Academy Press, Washington, DC.

Nascimento G.A.J., Rodrigues P.B., Freitas R.T.F., Reis Neto
R.V., Lima RR. and Allaman [.B. (2011). Prediction
equations to estimate metabolizable energy values of energetic
concentrate feedstuffs for poultry by the meta-analysis
process. Arg. Bras. Med. Vet. Zootech. 63, 222-230.

Noblet J. and Perez JM. (1993). Prediction of digestibility of
nutrients and energy values of pig diets from chemical
analysis. J. Anim. Sci. 71, 3389-3398.

Paris R.L. (2000). Potentia of hulless winter barley as an
improved feed. Ph D Thesis, University of Maryland Eastern
Shore, Blacksburg, Virginia, USA.




Metabolizable Energy Prediction of Feedstuffs for Poultry

Peltonen Sainio P., Kontturi M. and Rajala A. (2004). Impact
dehulling oat grain to improve quality of on-farm produced
feed: . Hullability and associated changes in nutritive value
and energy content. Agric. Food Sci. 13, 18-28.

Pirgozliev V.R., Birch C.L., Rose SP., Kettlewell P.S. and
Bedford M.R. (2003). Chemical composition and the nutritive
quality of different wheat cultivars for broiler chickens. Brit.
Poult. Sci. 44, 464-475.

Roush W.B. and Cravener T.L. (1997). Artificial neural network
prediction of amino acid levelsin feed ingredients. Poult. Sci.
76, 721-727.

Roush W.B., Kirby Y.K., Cravener T.L. and Wideman R.F.
(1996). Artificial neural network prediction of ascites in
broilers. Poult. Sci. 75, 1479-1487.

SAS Indtitute. (2003). SAS/STAT Software Version 9 Cary, NC:
SAS Institute Inc.

Sedghi M., Ebadi M.R., Golian A. and Ahmadi H. (2011).
Estimation and modeling true metabolizable energy of
sorghum grain for poultry. Poult. Sci. 90, 1138-1143.

Sedghi M., Golian A., Soleimani Roudi P., Ahmadi H. and Aami
Azgadi, M. (2012). Relationship between color and tannin
content in sorghum grain: application of image anaysis and
artificial neural network. Brazilian J. Poult. Sci. 14, 57-62.

Sibbald I.R. and Price K. (1976). Relationships between
metabolizabte energy values for poultry and some physical

572

and chemical data describing Canadian wheats, oats and
barleys. Can. J. Anim. Sci. 56, 255-268.

Sibbald I.R. (1976). A biocassay for true metabolizable energy in
feeding stuffs. Poult. Sci. 55, 303-308.

Soleimani Roudi P., Golian A. and Sedghi M. (2012).
Metabolizable energy and digestible amino acid prediction of
wheat using mathematical models. Poult. Sci. 91, 2055-2062.

STAT SOFT. (2009). Statistica (Data Analysis Software System).
Version 8.0. Tulsa, OK. Statistica Software Incorporation.

Steenfeldt S. (2001). The dietary effect of different wheat cultivars
for broiler chickens. Br. Poult. Sci. 42, 595-609.

Svihus B. and Gullord M. (2002). Effect of chemical content and
physical characteristics on nutritional value of wheat, barley
and oats for poultry. Anim. Feed Sci. Technol. 102, 71-92.

Villamide M.J., Fuente JM., Perezde Ayala P. and Flores A.
(1997). Energy evaluation of eight barley cultivars for poultry:
effect of dietary enzyme addition. Poult. Sci. 76, 834-840.

Zhang W.J., Campbell L.D. and Stothers S.C. (1994) An investi-
gation of the feasibility of predicting nitrogen-corrected true
metabolizable energy (TMER) content in barley from chemical
composition and physical characteristics. Can. J. Anim. Sci.
74, 355-360.




