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ABSTRACT: Determination of energy value of the diets is very important in animal feed industry. The
amount of available energy of poultry feed is described either by metabolizable energy (ME) or by
organic matter digestibility (OMD). Due to expensive and time-consuming process of in vivo
determination of ME, there has been a considerable interest in developing rapid, low-cost and
accurate methods for ME determination. The aim of this study was to develop equations for predicting
of ME of poultry diets. Twenty one complete diets for poultry were used in this study. Regression
analysis was used to generate mathematical models for prediction of response value of true
metabolizable energy (TMEnN). Independent variables in models were: in vitro digestibility (%, X,),
crude protein (%, X,), crude fat (%, Xs3), crude fibre (%, X4) and ash content (%, Xxs). The six polynomial
equations are proposed in this study. Each equation is describing individual and interaction effects of
three factors on the TMEN. In vitro digestibility was taken into account in all equations. The root mean
square of most of equations was lower than 4%, showing that proposed equations had very good
prediction of experimental results. Equations with crude protein as one of independent variables have
low fit of experimental data (R2 < 0,8), indicating that crude protein did not have strong influence on
TMERN. In most of equations in vitro digestibility had significant linear, quadratic or interactional effect
on TMEn with relatively good fit of data.
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INTRODUCTION

Achieving appropriate nutritional and phy-
sical characteristics of animal feed is very
important for animal health and growth.
Once the nutrient requirements of the ani-
mals were established, a correct balanced
diet can be formulated if the accurate nu-
trient composition of feedstuffs is known
(Colovié et al., 2010; Dale and Batal,
2002). Energy value of diets is of great im-
portance for animal feed manufacturers

and end users. The amount of available
energy in feeds is described either by its
metabolizable energy (ME) or by organic
matter digestibilty (OMD), (Pali¢ and
Leeuw, 2009; Poji¢ et al., 2008). ME de-
termination of diets requires the use of live
animals, appropriate sample collection,
ME assay trial, and determination of ener-
gy content of feed ingredients and collec-
ted excreta (Elkin, 1987; Mohamed, 1984).
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In vivo determination of ME can be expen-
sive in terms of time and resources, thus it
is important to develop rapid, inexpensive,
and accurate methods for ME prediction
which could be helpful to manufacturers
and nutritionists in monitoring of animal
feed quality. There has been a conside-
rable and continuous interest to develop
equations for prediction of ME (Perai et al.,
2010; Robbins and Firman, 2005; Zhang
et al., 1994).

The aim of this study was to develop equ-
ations for rapid prediction of metaboliza-
ble energy of diets for poultry.

MATERIAL AND METHODS
Chemical analysis

Twenty one complete diets for broilers
were used in this study. Dry matter, crude
protein, crude fat, crude fibre and ash of
the diets were determined according to
AOAC official methods (AOAC, 2000). A
modified method of Boisen and Fernandez
(1997) for estimating the enzymatic dige-
stibility of organic matter (EDOM) was
used. For determination of in vivo TME,, a
method of Fisher and McNab (1987) was
followed.

Experimental design and statistical
analysis

Regression analysis was used to generate
mathematical models for prediction of res-
ponse value of true metabolizable energy
(TMEn (MJ/Kg DM)). Independent varia-
bles in models were: in vitro digestibility
(%, Xx1), crude protein (%, X,), crude fat (%,
X3), crude fibre (%, x4) and ash content (%,
Xs). The response was related to selected
variables by second-order polynomial mo-
del. The generalized model proposed for
the response is given in equation below:

Y =by + X X + D bixE+ DD b,

where Y represents the experimental res-
ponse, by, b, b;, and b; are constants and
regression coefficients of the model, and x;
and x; are uncoded values of independent
variables. STATISTICA software version 9
(Statsoft, Tulsa, OK, USA) was used for
regression analysis of experimental data.
The software generated regression coe-
fficients for each of the combinations of

the independent variables and their signifi-
cances were determined using the p-va-
lues generated through the t-tests. Ade-
quacy of predicted model was evaluated
by coefficient of determination (R% and
magnitude of root mean square (RMS):

2
Yexp - Ypred

)

Ypred

RMS =100

where Y, and Y,eq are the experimental
and predicted values of the response
(TMEn (MJ/Kg DM)) and N is the number
of experimental values.

RESULTS AND DISCUSSION

The chemical composition of complete
diets used in this study is shown in Table
1.

The six polynomial equations are propo-
sed in this study. Each equation is des-
cribing individual and interaction effects of
three factors on the TMEn. In vitro diges-
tibility was taken into account in all equa-
tions. Regression equation coefficients are
presented in Table 3. Subscript numbers
of the coefficients are denoting factors to
whom they are related. The significance of
the coefficients is evaluated by Student’s t-
test and p-values. Bold numbers denote
values significant at 95% level.

Equation 1 (in vitro digestibility, crude pro-
tein and crude fat) shows that linear and
quadratic effect of in vitro digestibility on
TMERn is significant (p < 0,05). Equations 2
(in vitro digestibility, crude protein and
crude fibre) and 3 (in vitro digestibility,
crude protein and crude fibre) are not ha-
ving significant regression coefficients. All
three equations are having relatively low
coefficient of determination (R*> < 0,8).
Equation 4 (in vitro digestibility, crude fat
and crude fibre) indicated that linear and
quadratic influence of crude fat and crude
fibre was significant, as well as the inte-
raction of all three factors. Obtained coe-
fficient of determination was relatively
higher in comparison with equations 1, 2
and 3. Equation 5 (in vitro digestibility,
crude fat and ash) is showing significant
linear and quadratic influence of in vitro
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digestibility, with high coefficient of deter- significant.
mination (R? = 0,93). Linear and quadratic Coefficient of determination of equation 6
influence of in vitro digestibility in equation was R? = 0,87. The EDOM and TMEn va-
6 (in vitro digestibility, crude fibre and lues of complete poultry diets are shown in
ash), likewise in equations 1 and 5, was Table 2.
Table 1.
Chemical composition of complete diets
Diet Dry matter (%) Crude protein Crude fat Crude fibre Crude ash
(9/100g DM) (9/100g DM) (9/100g DM) (9/100g DM)
1 89,85 27,37 11,06 3,58 8,29
2 89,59 21,79 7,50 2,98 7,03
3 88,90 16,63 11,06 4,09 6,43
4 89,84 20,78 14,88 3,68 7,35
5 89,57 17,19 9,74 7,25 11,39
6 89,31 21,88 9,56 8,87 7,02
7 85,30 24,72 9,50 2,73 4,28
8 86,35 25,99 5,72 2,78 3,81
9 88,68 25,01 3,17 2,12 5,86
10 88,31 24,61 6,08 2,65 5,42
11 88,77 25,38 3,56 2,49 6,08
12 87,99 24,65 8,82 2,38 5,21
13 88,50 22,35 5,51 2,11 5,22
14 88,43 19,97 7,50 4,24 5,48
15 88,26 21,40 4,32 2,06 5,94
16 88,25 22,66 7,37 2,16 6,06
17 88,28 26,22 2,91 3,05 6,21
18 88,06 26,39 3,21 1,90 5,32
19 88,21 26,53 3,16 2,69 5,63
20 88,16 25,84 2,89 4,07 5,57
21 88,23 26,77 2,79 2,57 2,25

Table 2.
Enzymatic degistibility of organic matter (EDOM) and true metabolizable energy (TME,) of poultry
diets

Diet EDOM (%) TMEn (MJ/kg DM)
1 84,01 14,63
2 84,94 14,59
3 83,31 16,92
4 83,78 16,50
5 71,50 12,60
6 75,27 15,28
7 81,60 17,18
8 86,76 15,81
9 81,94 15,28
10 80,29 16,46
11 81,47 15,21
12 81,83 16,51
13 80,75 16,33
14 78,61 15,67
15 79,20 15,99
16 82,68 16,19
17 77,85 14,71
18 79,65 15,46
19 78,60 15,38

20 78,30 14,92
21 78,57 15,46

DM — dry matter
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Table 3.

Regression coefficients for TMEn of complete diets

Eq 1l Eq 2 Eq 3

Eq 4 Eq 5 Eq 6

b, -348,210 by -204,868 b, -189,923

297,747 b, -330,648 b, -645,942

b, 8,848 b, 5,453 b, 5,177 -6,477 b, 8,274 b, 16,183

b, -0,301 b, 0,473 b, -0,349 15,586 b; 0,467 b, -14,945

b3 2,249 b, -4944 bs 0,368 -39,663 bs 3,845 bs 7,693
Quadratic

b11 -0,058 b;; -0,036 by -0,032
b2, -0,029 by, -0,019 by, -0,001
b33 -0,039 bys 0,081  bss 0,007

0,037 b, -0,049 by;; -0,098
0,055 b33 0,004 b4a 0,165
0,416 bss 3,845 bss 0,004

Interaction

[ 0,027 by, 0,007 by, 0,004
[ 0,003 by, 0078 Dbys -0,007
[ -0,074 b,, -0,082 by -0,011
R? 077 R* 068 R? 0,79
RMS 298 RMS 345 RMS 2,80

-0,188 bis -0,003 Dby, 0,165
0,478 bis -0,052  b;s  -0,109
-0,278 bss -0,016  bys 0,240

0,86 R’ 0,93 R’ 0,87

RMS 2,22 RMS 266,36 RMS 2,10

Eq — equation

The RMS of equations 1, 2, 3, 4 and 6 was
lower than 4%, showing that those equa-
tions had very good prediction of experi-
mental results. The RMS value of equation
5 was very high due to big discrepancy
between experimental and predicted re-
sults.

Equations with crude protein as one of in-
dependent variables had low fit of expe-
rimental data, indicating that crude protein
did not have strong influence on TMEn.
On the other hand, in most of equations in
vitro digestibility had significant linear,
quadratic or interactional effect on TMEn
with relatively good fit of data.

CONCLUSIONS

Each of six proposed equations describe
individual and interactional effects of three
independent variables, and was evaluated
by several quality criteria. This could be
helpful in choosing appropriate model de-
pending on chosen variable, or quality cri-
teria. The root mean square of most of
equations was very low, showing good
prediction of experimental data. The poly-
nomial equations proposed in this study
could be successfully used for accurate
and rapid prediction of TMEnN.
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HEJIMHEAPHU MOAEJNMU 3A NPEABUHAHKE METABOJIMYKE
EHEPIruJE

Yonoswh P. Pagmuno’, Manuh B. fparax®, Modika Y. Kedibone?, Barnes Penny?

'YHuBepauteT y HoBom Cagy, VHCTUTYT 3a npexpambeHe TexHomnorvje y Hosom Capay,
21000 Hoeu Cag, bynesap uapa Jlasapa 6p. 1, Cpbuja

“Agricultural Research Council, Pretoria, Hatfield 0001, Republic of South Africa

CaxeTak: Y MHOYCTPUjKU XpaHe 3a >XUBOTUHE BEOMa je BaXHO Aa Ce oapean eHepreTtcka
BPEAHOCT CMeca 3a MUCXpaHy XuBoTuHa. KonvyunHa nckopuctMBe eHepruje Hajuelhe ce onucyje
meTabonudkom eHeprujoMm (ME) nnu ceapremsolwhy opraHcke matepuje. 360r cKyrnor n BpeMeHCKM
3axTeBHOr NocTyrka in vivo ogpefuBarwa ME, jaBuna ce notpeba 3a passujarbe 6p3unx, jedTUHUX 1
npeumsHUx Metoda 3a npegsuhawbe ME cmeca 3a ncxpaHy XmBOTUH-A. 21 cMmeca 3a UcXpaHy
Opojnepa je kopuwheHa y 0BOj cTyauju. 3a reHepucarwe mateMaTU4kux mogena 3a npeasuhane
BpeaHoOCTM cTBapHe meTabonuuke eHepruje (TMEn (MJ/kg)) kopuwheHa je perpecuoHa aHanmaa.
HesaBucHe npomewuBe y mogenuma Oune cy: in vitro cBaprbMBOCT opraHcke MaTepuje (%, Xi),
cagpxaj cmposux npotenHa (%, X,), cagpxaj cmposux mactu (%, X3), Cagpxaj CMPOBMX BriakaHa
(%, X4) n cagpxaj nenena (%, xs). Lect nonMHomManHux jegHauvMHa je NpeasnoxXeHo y OBOj CTYAUjU.
CBaka jegHauMHa oOnucyje nojeavHadHyn yTuuaj Tpu daktopa, kao u yTtuuaj mehycobHe
WHTepakumje daktopa Ha BpegHocT TMEN. In vitro cBaprsnBoCT opraHcke matepuje je dakTtop Koju
durypuile y ceum jegHauymHama. KopeH kBagpaTtHe cpefre BpegHocTu (RMS) oactynamwa nsmehy
eKkcrnepuMMeHTanHMx u mspadyyHaTux nogartaka 3a BehuHy jeaHaumHa 6uo je mawum of 4%, WTo
yKasyje Aa cy npearioxeHe jegHauvHe umane gobpo npeasuhare ekcnepyMMeHTanHux BpeaHoCTh
TMEnN. JegHaunHe y Kojuma courypuLly CUpoBM NPOTEUHN, Kao jeaHa of He3aBUCHUX NPOMEHUBUX,
nMane cy rnolle cnarawe ca ekcrnepumeHTanHum nogauuma (R> < 0,8), wWTo nokasyje Aa je
cagpxaj cupoBUX NpoTeuHa akTop Koju HeMa Benuku ytuuaj Ha BpegHocT TMEN. Y BehuHu
jeAHaymnHa In vitro cBaprbMBOCT OpraHcke MaTtepuje je umana 3HavajaH fMHeapHW, KBagpaTHU U
WHTEepaKTUBHU yTuuaj Ha BpegHocT TMEN, y3 gobpo cnarawe nogaraka.

KrbyuHe peun: memabosiudka eHepeuja, MamemMamuyku Mooers, pespecuoHa aHanusa, Xu-
8UHa, cmece
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