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ABSTRACT The objectives of this study were to develop equations for predicting gross energy (GE) and nitrogen-corrected
apparent metabolizable energy (AMEn) based on the chemical compositions of feed ingredients, as well as to evaluate the
accuracy of these prediction equations. For the GE prediction, a total of 2,084 ingredient samples were utilized, comprising
592 cereal by-products, 428 cereal grains, and 1,064 oilseed meals. Additionally, data for AMEn prediction included 74 samples,
consisting of 22 cereal grains, 44 cereal by-products, and 8 oilseed meals. Furthermore, to validate the equations, five equations
obtained from the literature were compared with the AMEn values derived from INRA (2004) using regression analysis. Three
developed equations for GE concentrations in feed ingredients exhibited similar coefficients of determination (R%) of 0.379,
0.385, and 0.388, respectively. However, the slopes and Y-intercepts of the developed prediction equations for GE in feed
ingredients displayed significant differences from the line of y = x. Conversely, the equations developed for estimating AMEn
in feed ingredients for broiler chickens demonstrated relatively higher R* values of 0.712, 0.767, and 0.786 for Equations 1,
2, and 3, respectively. A validation test of the developed equations for AMEn indicated intercepts of —62.2 (P = 0.354), —78.6
(P = 0.162), and —93.7 (P = 0.085), along with slopes of —0.18 (P = 0.094), 0.05 (P = 0.648), and 0.07 (P = 0.465).
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46419 + 32 x CP Eq. (1)
42809 + 8.0 x CP + 53.8 x EE Eq. (2)
43105 + 102 x CP + 54.1 x EE — 143 x Ash Eq. (3)
4296.8 + 103 x CP + 49.8 x EE + 53 x CF

~ 19.0 x Ash Eq. (4)
50172 + 10.5 x CP + 51.3 x EE + 7.0 x CF
~ 18.0 x Ash — 85 x DM Eq. (5)

Table 1. Energy concentrations and chemical compositions in
feed ingredients, based on a literature review, for the
development of gross energy

Chemical compositions
Item GE (kcal/kg)
Cp EE CF Ash

Cereal by product (n = 428)

Maximum 848 436 358 126 6,371
Mean 20.0 3.6 10.2 6.0 4219
Minimum 2.9 0.9 0.2 1.5 2,938
Max.-Min. 819 427 356 11.2 3,433
SD 5.0 2.3 2.7 1.6 281.6
Cereal (n = 592)
Maximum 37.6 338 16.7 49 6,117
Mean 8.8 32 2.7 1.3 3,946
Minimum 6.2 0.8 0.5 0.6 3,378
Max.-Min. 3.3 330 163 43 2,739
SD 3.7 2.0 2.0 0.5 190.7
Qilseed meal (n = 1,064)
Maximum 556 200 244 744 6,143
Mean 24.1 5.1 12.2 5.8 4,322
Minimum 13.1 0.3 33 1.4 3,553
Max.-Min. 42.6 198 212 730 2,590
SD 10.9 34 3.9 2.5 270.1

CP = crude protein; EE = ether extract; CF = crude fiber; GE =
gross energy; Max.-Min. = Maximum — Minimum; SD = standard
deviation.

o] % CPYH¥E+= CP9 EEYH 53 WH4= &-83) Eq. (1)
7} Eq. Q)= R? #to] 22} 0.0187 03622 WA Ueh} 34
2 Aol A8t @9, Eq. (3), Eq. (4), Eq. (5)2] R

Table 2. Energy concentrations and chemical compositions in feed ingredients, based on a literature review, for the development of
nitrogen-corrected metabolizable energy prediction equations

e Chemical compositions GE AMEn
cP EE CF Ash ADF NDF (kealkg) (kealkg)
Feed ingredients

Maximum 68.7 259 21.8 13.3 47.1 77.6 5,811 3,936
Mean 254 6.3 6.1 4.1 9.6 25.7 4,780 2,936
Minimum 7.5 0.2 0.4 0.5 0.5 35 3,925 1,746
Max.-Min. 61.2 25.7 214 12.8 46.7 74.0 1,886 2,190
SD 142 5.7 3.8 24 82 15.3 439.3 495.6

CP = crude protein; EE = ether extract; CF = crude fiber; ADF = acid detergent fiber; NDF = neutral detergent fiber; GE = gross energy;
AMEn = nitrogen corrected-apparent metabolizable energy; Max.-Min. = Maximum — Minimum; SD = standard deviation.
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Table 3. Developed prediction equations for the gross energy concentrations (kcal’kg, DM basis) of feed ingredients based on chemical composition

Equations R? RMSE MBE
1) 43105 + 54.1 x EE (%) + 102 x CP (%) — 14.3 x ash (%) 0379 21893  —104.83
2) 42968 + 49.8 x EE (%) + 103 x CP (%) + 5.3 x CF (%) — 19.0 x ash (%) 0385 21787  —93.80
3) 50172 + 51.3 x EE (%) + 10.5 x CP (%) + 7.0 x CF (%) — 18.0 x ash (%) — 845 x DM (%) 0.388  217.36  —94.77

RMSE = root mean square error; MBE = mean bias error; determined GE — predicted GE / number of observations.

(A) Eq. 1 (B) Eq. 2 (C) Eq. 3

5500 . L YX 5500 . Y=X 5500 . X
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Fig. 1. Comparison of prediction equations for gross energy (kcal’kg, DM). Three equations were developed based on the chemical
compositions of feed ingredients sourced from previous studies (n = 2,084) and were validated utilizing 38 samples from INRA (2004).
The equations (A), (B), and (C) exhibited intercepts of —104.83 (P<0.001), —93.8 (P<0.001), and —94.8 (P<0.001), respectively, along
with slopes of 0.23 (P = 0.003), 0.29 (P<0.001), and 0.27 (P = 0.0004).

= 747} 0.379, 0.385, 0.388°]912H, RMSEE ZH7t 218.93, Table 4. Validation of prediction equations developed on the che-
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Table 5. Developed prediction equations for nitrogen corrected-metabolizable energy (kcal/kg) of feed ingredients based on chemical

composition, DM basis

Equations R’ RMSE MBE
1) 3,743.5 + 42.1 x EE — 105.5 x CF — 119.7 x Ash + 27.5 x ADF 0712 3009 2035
2) 3259.5 + 348 x EE — 80.1 x CF — 110.7 x Ash + 36.1 x ADF — 12.8 x NDF + 0.1 x GE 0.767 2749 1434
3) 3,1528 — 5.6 x CP + 31.7 x EE — 759 x CF — 974 x Ash + 369 x ADF — 14.5 x NDF + 02 x GE 0.786 2655 1343
RMSE = root mean square error; MBE = mean bias error; determined AMEn — predicted AMEn / number of observations.
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Fig. 2. Comparison of prediction equations for nitrogen-corrected apparent metabolizable energy (kcal’kg, DM). Three equations were
developed based on the chemical compositions of feed ingredients sourced from previous studies (n = 74) and were validated utilizing
38 samples from INRA (2004). The equations (A), (B), and (C) exhibited intercepts of —62.2 (P = 0.354), —78.6 (P = 0.162), and
—93.7 (P = 0.085), respectively, along with slopes of —0.18 (P = 0.094), 0.05 (P = 0.648), and 0.07 (P = 0.465).
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