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Effect of dietary net energy concentrations on growth 
performance and net energy intake of growing gilts

Gang Il Lee1, Jong Hyuk Kim1, Gi Ppeum Han1, Do Yoon Koo1, Hyeon Seok Choi1, and Dong Yong Kil1,*

Objective: This experiment investigated the effect of dietary net energy (NE) concentrations 
on growth performance and NE intake of growing gilts. 
Methods: Five diets were formulated to contain 9.6, 10.1, 10.6, 11.1, and 11.6 MJ NE/kg, respec­
tively. A metabolism trial with 10 growing pigs (average body weight [BW] = 15.9±0.24 kg) was 
conducted to determine NE concentrations of 5 diets based on French and Dutch NE systems 
in a 5×5 replicated Latin square design. A growth trial also was performed with five dietary 
treatments and 12 replicates per treatment using 60 growing gilts (average BW = 15.9±0.55 kg) 
for 28 days. A regression analysis was performed to predict daily NE intake from the BW of 
growing gilts. 
Results: Increasing NE concentrations of diets did not influence average daily gain and average 
daily feed intake of growing gilts. There was a quadratic relationship (p = 0.01) between dietary 
NE concentrations and feed efficiency (G:F), although the difference in G:F among treatment 
means was relatively small. Regression analysis revealed that daily NE intake was linearly associ­
ated with the BW of growing gilts. The prediction equations for NE intake with the BW of growing 
gilts were: NE intake (MJ/d) = 1.442+(0.562×BW, kg), R2 = 0.796 when French NE system was 
used, whereas NE intake (MJ/d) = 1.533+(0.614×BW, kg), R2 = 0.810 when Dutch NE system 
was used.
Conclusion: Increasing NE concentrations of diets from 9.6 to 11.6 MJ NE/kg have little impacts 
on growth performance of growing gilts. Daily NE intake can be predicted from the BW between 
15 and 40 kg in growing gilts.

Keywords: Dutch Net Energy System; French Net Energy System; Growing Gilt;  
Growth Performance; Net Energy Intake

INTRODUCTION

Net energy (NE) is well known to be a better expression of available energy in diets for pigs than 
digestible energy (DE) or metabolizable energy (ME) because NE reflects the closest true available 
energy value [1]. Therefore, there has been an increasing focus on pig diets formulated based on 
the French [2] or Dutch NE system [3]. Recently, the NRC [4] also incorporated these NE systems 
into the swine feeding standard [5].
  The advantage of NE system over DE or ME system in diet formulation is that NE values pro­
vide a better prediction of pig performance, which become more obvious if diets are formulated 
with ingredients containing highly various concentrations of protein and fiber [1,5]. Thus, many 
countries have chosen NE systems over DE or ME systems in swine diets. However, a lack of 
information regarding the effect of dietary NE concentrations on pig performance retards rapid 
and widespread adoption of NE systems. Moreover, energy intake is considered a key driving 
force of pig growth and has been used to recommend energy concentrations of diets [4]. How­
ever, much of the data concerning energy intake in pigs is based on DE or ME [4,6], whereas the 
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information is scarce regarding the effect of different NE con­
centrations of diets on NE intake for growing gilts.
  Therefore, the objective of the current experiment was to de­
termine the effect of varying NE concentrations of diets on growth 
performance of growing gilts. In addition, the possibility of pre­
dicting daily NE intake from the body weight (BW) of growing 
gilts was tested.

MATERIALS AND METHODS

Dietary treatments
Two experiments were conducted, and the Institutional Animal 
Care and Use Committee at Chung-Ang University reviewed and 
approved the protocols for both experiments. The ingredients 
and nutrient compositions of the experimental diets are presented 
in Table 1. The diets were formulated to contain increasing NE 
concentrations using published NE values for each ingredient 
adopted from Sauvant et al [7]. Increasing NE concentrations of 
diets were achieved by increasingly substituting corn, fish meal, 
and soybean oil for wheat, barley, soybean meal, and wheat bran. 

Table 1. Composition and nutrient content of experimental diets (as-fed basis)

Items
Formulated net energy concentrations of diets (MJ/kg)

9.6 10.1 10.6 11.1 11.6

Ingredients (g/kg)
Corn 179.3 413.8 543.1 587.6 612.1
Wheat 350.0 180.0 80.0 65.0 30.0
Barley 145.0 71.9 47.0 30.0 20.0
Soybean meal 190.0 190.0 170.0 128.0 120.0
Fish meal 10.0 25.0 30.0 35.0 50.0
Soybean oil - 11.0 27.0 45.6 67.6
Wheat bran 40.0 20.0 10.0 10.0 -
Lactose 30.0 30.0 30.0 30.0 30.0
Whey powder 20.0 20.0 20.0 20.0 20.0
Dicalcium phosphate 8.4 10.4 12.8 15.4 16.4
Limestone 7.6 6.6 5.8 5.0 4.4
L-lysine 5.1 5.5 6.9 8.8 9.2
DL-methionine 0.8 1.4 2.1 2.9 3.2
L-threonine 1.5 1.9 2.5 3.5 3.8
L-tryptophan - 0.2 0.5 0.9 1.0
NaCl 5.0 5.0 5.0 5.0 5.0
Mineral and vitamin premix1) 5.0 5.0 5.0 5.0 5.0
Ethoxyquin 2.0 2.0 2.0 2.0 2.0
Taste enhancer 0.3 0.3 0.3 0.3 0.3
Total 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0

Nutrients (calculation, g/kg)
Standardized ileal digestile (SID) amino acid

Lysine 11.5 12.1 12.7 13.3 13.9
Methionine+cysteine 6.3 6.7 7.0 7.4 7.6
Threonine 6.8 7.2 7.5 7.9 8.3
Tryptophan 1.9 2.0 2.1 2.3 2.3
Total calcium 6.5 6.9 7.2 7.5 7.9
Total phosphorus 5.6 5.9 6.2 6.5 6.8

Nutrients (analysis, g/kg)
Dry matter 884.0 880.7 879.5 880.5 885.4
Crude protein 181.3 183.7 160.6 150.3 154.0
Ash 52.2 41.6 52.5 49.0 53.4
Ether extract 14.0 34.0 48.0 68.0 83.0
Acid-hydrolyzed ether extract 26.0 41.0 53.0 75.0 92.0
Acid detergent fiber 62.1 65.5 63.7 63.8 65.7
Starch (Polarimetric)2) 402.7 414.9 433.3 431.4 424.0
Starch (Enzymatically)3) 420.5 437.3 455.7 447.5 455.9
Sugar4) 63.0 64.0 54.0 50.0 47.0

1) Provided per kilogram of the complete diet (as-fed basis): vitamin A, 10,000 IU; vitamin D3, 2,000 IU; vitamin E, 20 mg; vitamin K3, 2 mg; thiamine, 2 mg; riboflavin, 5 mg; niacin, 20 
mg; pantothenic acid, 10 mg; pyridoxine, 5 mg; biotin, 0.2 mg; folic acid, 1 mg; vitamin B12, 0.03 mg; choline chloride, 600 mg; ascorbic acid, 40 mg; Fe, 100 mg as ferrous carbonate; 
Cu, 20 mg as copper sulfate; Zn, 100 mg as zinc oxide; Mn, 40 mg as manganous oxide; I, 0.6 mg as calcium iodate; Se, 0.3 mg as sodium selenite; and Co, 1 mg as cobalt sulfate.
2) Measured by Ewers polarimetric method [10]. 3) Measured by amyloglucosidase method [11]. 4) Measured by Luff-schoorl method [12].
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The gradual change of ingredients was adopted to minimize the 
potential of ingredient-specific effects on growing pigs [8]. The 
formulated NE concentrations of five dietary treatments were 9.6, 
10.1, 10.6, 11.1, and 11.6 MJ/kg, respectively. The concentrations 
of standardized ileal digestible (SID) of lysine, methionine+cysteine, 
threonine, and tryptophan were set across all diets to 1.20, 0.66, 
0.71, and 0.20 g/MJ NE, respectively [4]. The concentrations of 
total phosphorus (P) and calcium (Ca) were 0.59 g/MJ NE and 
0.68 g/MJ NE for all diets, respectively [4]. These formulations 
ensured that nutrients were not limiting factors for the growth 
of gilts during the experiment. Vitamins and minerals also were 
included in all diets at the levels that meet or exceed recommended 
nutrient requirement estimates [4]. All diets were offered as a 
mash form.

Experiment 1: Metabolism trial
This experiment was designed to measure the DE and ME con­
centrations and to predict NE concentrations of five treatment 
diets. Ten growing barrows (Duroc×Landrace×Yorkshire) with 
15.9±0.24 kg of initial BW were used. Pigs were allotted to a 5×5 
replicated Latin square design with five diets and five periods. 
Pigs were individually housed in metabolism cages equipped with 
a feeder and a nipple drinker. Room temperature was maintained 
at 25°C via a mechanical ventilation system.
  Diets were provided at daily levels of 2.5 times the estimated 
maintenance requirement for energy (i.e., 106 kcal of ME/kg 
BW0.75) [6] with two equal meals provided at 0800 and 1800 h. 
The feed allowance was adjusted at the beginning of each period 
when the BW of each pig was recorded. Pigs had free access to 
water throughout the experiment. Each period lasted for 10 days. 
Total collections of urine and feces commenced on the morning 
of day 6 and finished on the morning of day 11. The initial 5 days 
were an adaptation period to the diet. On day 6, each pig was 
fed 5 g of ferric oxide as an indigestible marker in 100 g of diets 
that were fed in the morning. The remaining portion of the mor­
ning diets was offered after all marked diets were consumed. Fecal 
collection commenced when the marker appeared in the feces. 
On the morning of day 11, pigs were again offered 100 g of marked 
diets, as described above, and collection of feces was terminated 
when the marked feces appeared. Feces were collected twice daily 
and stored at –20°C. Urine buckets containing 50 mL of 5 N HCl 
were placed under the metabolism cages to permit total collec­
tion. They were collected once daily in the morning. An aliquot 
of urine sample (10% of total weight) was obtained, strained 
through cotton gauze and glass wool, and stored at –20°C.
  After sample collections, urine samples were thawed and 
mixed, and a subsample was collected for chemical analysis. Fecal 
samples were dried at 50°C in a forced-air oven and finely ground 
prior to chemical analysis. Urine samples were prepared and 
lyophilized before gross energy (GE) analysis. All samples were 
analyzed in triplicate. Diets and feces were analyzed for dry matter 
(DM; Method 930.15) [9], ash (Method 942.05) [9], ether extract 

(EE; Method 2003.06) [9], acid-hydrolyzed EE (AEE; Method 
996.01) [9], acid detergent fiber (ADF; Method 973.18) [9], and 
crude protein (CP; Method 990.03) [9]. The concentrations of 
starch in the diet were measured using the Ewers polarimetric 
method [10] and the amyloglucosidase method [11] for French 
and Dutch NE system, respectively. The concentrations of total 
free sugar in the diet were measured using the Luff-schoorl 
method for French NE system [12]. The enzymatically degraded 
fraction of total sugar for Dutch NE system was assumed as 73% 
of total free sugar measured using the Luff-schoorl method [3]. 
The samples for diets, feces, and urine were analyzed for GE using 
bomb calorimetry (Model 6400; Parr Instruments Co., Moline, 
IL, USA) with benzoic acid being used as the calibration standard.
  The coefficients of total tract apparent digestibility (CTTAD) 
of DM, CP, EE, AEE, organic matter (OM), and ADF in diets 
were calculated by the standard procedures [13]. The DE and 
ME concentrations of diets were determined [4]. The NE con­
centrations of diets were predicted using the NRC [4] equations 
of Eq. 1-7, Eq. 1-8, Eq. 1-9 (French NE system) [2], and Eq. 1-10 
(Dutch NE system) [3]:

  Eq. 1-7: NE7 = (0.726×ME)+(1.33×EE)+(0.39×Starch) 
			   –(0.62×CP)–(0.83×ADF),

  Eq. 1-8: NE8 = (0.700×DE)+(1.61×EE)+(0.48×Starch) 
			   –(0.91×CP)–(0.87×ADF),

  Eq. 1-9: NE9 = (2.73×DCP)+(8.37×DEE) 
			   +(3.44×Starch)+(2.89×DRES),

  Eq. 1-10: NE10 = (2.80×DCP)+(8.54×DAEE) 
		        +(3.38×Starcham)+(3.05×Suge)+(2.33×FCH),

  Where DCP = digestible CP, DEE = digestible EE, DRES = 
digestible residue, DRES = DOM–(DCP+DEE +starch+DADF), 
DOM = digestible OM, DADF = digestible ADF, DAEE = digestible 
AEE, Starcham = enzymatically digestible fraction of starch, Suge 
= enzymatically degraded fraction of total sugar (= Sugartotal× 
0.73), and FCH = Starchferm (assumed to be 0)+Sugferm (= Total 
sugar – Suge)+DOM–DCP–DAEE– Starcham–Sugartotal×0.95 (= 
correction factor for disaccharides in feed ingredients). All 
nutrient and digestible nutrient concentrations were expressed 
as g/kg DM.
  Although all energy values for DE, ME, and NE were expressed 
as kcal/kg DM in these NRC [4] equations, the resulting caloric 
values were converted to joule values (MJ/kg, as-fed basis) as 
expressed as dietary treatments in this experiment. The average 
NE value (NEaverage) was also calculated by averaging NE7, 
NE8, and NE9 values predicted from the NRC [4] equations of 
Eq. 1-7, Eq. 1-8, and Eq. 1-9, respectively. The reason for aver­
aging these three NE values was that they were predicted from 
the French NE system [2], and Sauvant et al [7] used average NE 
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values for ingredients in their feeding tables. However, the NE10 
values were not used to calculate average NE values because they 
were predicted from the Dutch NE system [3].

Experiment 2: Growth trial
This experiment was conducted to evaluate growth performance 
and to determine daily NE intake of growing gilts as affected by 
different NE concentrations of diets that were used in the meta­
bolism trial. A total of 60 growing gilts (Landrace×Yorkshire; 
average initial BW = 15.9±0.55 kg) were used in a 28-day feeding 
trial. Pigs were allotted to five dietary treatments with 12 repli­
cates (one pig per replicate) in a completely randomized design. 
Pigs were individually housed in pens (1.5×1.6 m) that were 
equipped with a feeder and a nipple drinker. Pigs had free access 
to diets and water throughout the experiment. Rooms were me­
chanically ventilated to maintain a minimum temperature of 25°C.
  The average daily gain (ADG), average daily feed intake (ADFI), 
and feed efficiency (gain to feed ratio; G:F) of pigs in each treat­
ment were calculated based on weekly recording of the BW and 
feed intake (FI) of pigs, but these data were summarized over the 
entire experimental period. Daily NE intake for each pig (MJ/d) 
was also calculated based on predicted NE concentrations (NEaverage 
or NE10, MJ/kg) of diets from Exp. 1 and ADFI (kg/d) of indi­
vidual pigs from Exp. 2.

Statistical analysis
The data obtained from Exp. 1 were analyzed using the MIXED 
procedure (SAS Institute Inc., Cary, NC, USA) with the individual 
pig as the experimental unit. Homogeneity of the variances was 
verified using the UNIVARIATE procedure of SAS. Dietary treat­
ment was the main effect in the model, whereas pig and period 
were random effects. However, no significant random effects 
were observed, and therefore, the random effects were removed 
from the final model. The LSMEANS procedure was used to cal­
culate mean values. Orthogonal polynomial contrast tests were 
used to determine the linear and quadratic effects of increasing 
NE concentrations of diets.

  The data obtained from Exp. 2 were analyzed in a manner 
similar to that of Exp. 1, but in a completely randomized design 
with the individual pig as the experimental unit. The model 
included dietary treatment as the main effect with no random 
variables in the model. In addition, regression analysis was per­
formed to develop prediction equations for daily NE intake (MJ/d) 
as a function of the BW of pigs. Average BW of pigs between 
weeks was used to represent the independent variables in the 
analysis. A probability of p<0.05 was considered significant for 
all data analyses.

RESULTS

Experiment 1: Metabolism trial
No apparent animal health or technical problems were observed. 
The CTTAD of DM, OM, and ADF were increased (linear, p< 
0.01) with increasing NE concentrations of diets (Table 2). The 
CTTAD of EE and AEE were also increased (linear and quadratic, 
p<0.01) as NE concentrations of diets were increased. The CTTAD 
of CP did not differ among five diets.
  The digestible nutrient concentrations of diets were calculated 
from the total nutrient concentrations of diets and CTTAD of 
nutrients (Table 3). The digestible CP concentrations of diets were 
decreased (linear and quadratic, p<0.01) as NE concentrations 
of diets were increased. Increasing NE concentrations of diets 
increased digestible EE, digestible AEE (linear and quadratic, 
p<0.01), OM (linear, p<0.01), and ADF (linear, p<0.05) concen­
trations of diets.
  Both measured DE and ME concentrations of diets were 
increased (linear, p<0.01) as NE concentrations of diets were 
increased (Table 4). These values were close to formulated values 
from tabulated DE and ME values for individual ingredients. The 
ME to DE ratio also was increased (linear, p<0.01) with increa­
sing NE concentrations of diets.
  The NE concentrations of diets, which were predicted based 
on the Eq. 1-7 (NE7), Eq. 1-8 (NE8), and Eq. 1-9 (NE-9) were 
increased (linear, p<0.01) with increasing NE concentrations of 

Table 2. Coefficients of total tract apparent digestibility of nutrients in diets1)

Items
Dietary net energy concentrations2) (MJ/kg)

SEM
p-value3)

9.6 10.1 10.6 11.1 11.6 T L Q

Dry matter 0.868 0.883 0.885 0.886 0.901 0.401 < 0.01 < 0.01 0.90
Organic matter 0.889 0.903 0.902 0.902 0.916 0.372 < 0.01 < 0.01 0.84
Crude protein 0.873 0.882 0.864 0.864 0.878 0.631 0.20 0.67 0.28
Ether extract4) 0.499 0.813 0.844 0.906 0.911 2.912 < 0.01 < 0.01 < 0.01
Acid-hydrolyzed EE5) 0.582 0.723 0.741 0.786 0.843 1.261 < 0.01 < 0.01 < 0.01
Acid detergent fiber 0.603 0.717 0.729 0.695 0.813 3.524 < 0.01 < 0.01 0.78

CTTAD, coefficients of total tract apparent digestibility; NE, net energy; SEM, standard error of the mean; EE, ether extract; AEE, acid-hydrolyzed ether extract.
1) Data are least squares means of 10 observations per treatment.
2) Formulated NE concentrations based on NE concentrations of ingredients [7].
3) T, overall effects of treatments; L, linear effects of increasing NE concentrations of diets; Q, quadratic effects of increasing NE concentrations of diets.
4) Values were calculated from dietary EE concentrations and fecal AEE concentrations [2].
5) Values were calculated from dietary AEE concentrations and fecal AEE concentrations [3].
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diets (Table 5). The average NE concentrations of diets (NEaverage) 
from NE7, NE8, and NE9 were also increased (linear, p<0.01) 
as NE concentrations of diets were increased. Increasing NE con­
centrations of diets increased (linear, p<0.01) NE concentrations 
of diets that were predicted from the Eq. 10 (NE10); however, 
these values were greater than the formulated NE values and NEaverage 
values. The ratio of NE10 to NEaverage was decreased (linear and 
quadratic, p<0.01) with increasing NE concentrations of diets.

Experiment 2: Growth trial
No apparent animal health or technical problems were observed. 
Final BW, ADG, and ADFI were not affected by increasing NE 
concentrations of diets (Table 6). There was a quadratic relation­
ship (p = 0.01) between G:F and NE concentrations of diets; 
however, the difference in G:F among the treatment means was 
relatively small.
  The linear regression equation of predicting daily NE intake 

Table 3. Digestible nutrient concentrations of diets (g/kg, dry matter basis)1)

Items
Dietary net energy concentrations2) (MJ/kg)

SEM
p-value3)

9.6 10.1 10.6 11.1 11.6 T L Q

DCP 179 184 158 147 153 1.2 < 0.01 < 0.01 < 0.01
DEE4) 13 31 46 64 87 0.9 < 0.01 < 0.01 < 0.01
DAEE5) 15 30 39 59 78 0.8 < 0.01 < 0.01 < 0.01
DOM 843 865 854 858 867 3.5 < 0.01 < 0.01 0.40
DADF 42 53 50 51 60 2.4 < 0.01 0.04 0.15

NE, net energy; SEM, standard error of the mean; DCP, digestible crude protein; DEE, digestible ether extract; DAEE, digestible acid-hydrolyzed ether extract; DOM, digestible organic 
matter; DADF, digestible acid detergent fiber; AEE, acid-hydrolyzed ether extract.
1) Data are least squares means of 10 observations per treatment.
2) Formulated NE concentrations based on NE concentrations of ingredients [7].
3) T, overall effects of treatments; L, linear effects of increasing NE concentrations of diets; Q, quadratic effects of increasing NE concentrations of diets.
4) DEE =  calculated with the amounts of dietary EE and fecal AEE [2].
5) DAEE =  calculated with the amounts of dietary AEE and fecal AEE [3].

Table 4. Measured digestible energy and metabolizable energy concentrations of diets (as-fed basis)1)

Items
Dietary net energy concentrations2) (MJ/kg)

SEM
p-value3)

9.6 10.1 10.6 11.1 11.6 T L Q

Formulated DE4) (MJ/kg) 13.48 14.00 14.43 14.81 15.34 - - - -
Measured DE5) (MJ/kg) 13.46 14.23 14.48 14.77 15.55 0.083 < 0.01 < 0.01 0.83
Formulated ME4) (MJ/kg) 12.87 13.41 13.87 14.29 14.82 - - - -
Measured ME5) (MJ/kg) 13.11 13.86 14.09 14.49 15.25 0.091 < 0.01 < 0.01 0.57
Measured ME:DE ratio 0.974 0.974 0.973 0.981 0.981 0.002 0.02 < 0.01 0.35

DE, digestible energy; ME, metabolizable energy; NE, net energy; SEM, standard error of the mean.
1) Data are least squares means of 10 observations per treatment.
2) Formulated NE concentrations based on NE concentrations of ingredients [7].
3) T, overall effects of treatments; L, linear effects of increasing NE concentrations of diets; Q, quadratic effects of increasing NE concentrations of diets.
4) Values were calculated based on DE and ME concentrations of ingredients [7].
5) Values were determined in the metabolism trial (Exp. 1).

Table 5. Predicted net energy concentrations of diets from net energy equations (as-fed basis)1)

Items
Dietary net energy concentrations2) (MJ/kg)

SEM
p-value3)

9.6 10.1 10.6 11.1 11.6 T L Q

NE74) (MJ/kg) 9.56 10.22 10.57 11.06 11.60 0.066 < 0.01 < 0.01 0.67
NE84) (MJ/kg) 9.41 10.08 10.49 10.93 11.47 0.058 < 0.01 < 0.01 0.27
NE94) (MJ/kg) 9.45 10.01 10.24 10.87 11.10 0.049 < 0.01 < 0.01 0.16
NEaverage

5) (MJ/kg) 9.47 10.11 10.44 10.95 11.39 0.055 < 0.01 < 0.01 0.32
NE106) (MJ/kg) 10.57 11.20 11.27 11.72 12.32 0.047 < 0.01 < 0.01 0.08
NE10:NEaverage ratio 112 111 108 107 108 0.2 < 0.01 < 0.01 < 0.01

NE, net energy; SEM, standard error of the mean.
1) Data are least squares means of 10 observations per treatment.
2) Formulated NE concentrations based on NE concentrations of ingredients [7].
3) T, overall effects of treatments; L, linear effects of increasing NE concentrations of diets; Q, quadratic effects of increasing NE concentrations of diets.
4) Values were predicted from Eq. 1-7 in NRC [4]; Values were predicted from Eq. 1-8 in NRC [4]; Values were predicted from Eq. 1-9 in NRC [4].
5) French NE values that were calculated by averaging NE7, NE8, and NE9 as suggested by French NE system [7].
6) Dutch NE values were predicted from Eq. 1-10 in NRC [4] and Dutch NE system [3].
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(MJ/d) from NEaverage of diets (French NE systems) and ADFI as 
a function of BW was NE intake = 1.442+0.562×BW (n = 240, R2 
= 0.796, p<0.01; Figure 1), whereas NE intake = 1.533+0.614×BW 
(n = 240, R2 = 0.810, p<0.01; Figure 2) when NE10 values (Dutch 
NE system) were used to represent dietary NE concentrations. 
Quadratic regression analysis was also conducted. However, a 
goodness of fit for the model (R2) was almost identical to the linear 
regression model, and therefore, quadratic regression equation 
was not reported herein.

DISCUSSION

The observation that increasing NE concentrations of diets in­
creased the values for the CTTAD of DM, OM, ADF, EE, and 
AEE is likely related to differences in the inclusion levels of lipid 
and fiber ingredients. Inclusion levels of soybean oil were in­
creased to achieve increasing NE concentrations of diets, whereas 
those of fiber ingredients such as wheat bran were concurrently 
reduced in this experiment. It is suggested that inclusion of lipids 
in diets slows the rate of digesta passage in the gastrointestinal 

tract, and as a consequence, improves the digestibility of other 
dietary components [14-16]. On the other hand, decreasing in­
clusion levels of fiber ingredients in diets have been reported to 
increase CTTAD of nutrients [17,18]. 
  Decreasing CP concentrations of diets were achieved in diet 
formulation by increasing NE concentrations of diets, which are 
expected to decrease the CTTAD of CP owing to the greater con­
tributions of endogenous losses of CP to the CTTAD of CP in 
low CP diets than in high CP diets [19]. However, no differences 
in the CTTAD of CP were observed in this experiment. Thus, 
we speculated that no differences in the CTTAD of CP among 
diets may be due to the fact that positive effects of increasing 
inclusion of lipids and concomitant decreasing inclusion of fiber 
ingredients on the CTTAD of CP ameliorate the reduction in 
the CTTAD of CP by decreasing CP concentrations of diets. In 
addition, the curvilinear increase in the CTTAD of EE and AEE 
with increasing NE concentrations of diets was in accordance 
with previous observations [20,21], and it is likely due to reduced 
effects of endogenous losses of EE and AEE on total EE and AEE 
excretion in feces as lipid concentrations of diets were increased 
[20,21].

Table 6. Growth performance of growing gilts as affected by different net energy concentrations of diets1)

Items
Dietary net energy concentrations2) (MJ/kg)

SEM
p-value3)

9.6 10.1 10.6 11.1 11.6 T L Q

Initial BW (kg) 15.69 15.94 15.98 15.97 15.95 0.551 - - -
Final BW (kg) 36.98 37.63 36.74 37.23 36.71 0.998 0.96 0.76 0.79
ADG (kg) 0.76 0.78 0.74 0.76 0.74 0.021 0.73 0.40 0.85
ADFI (kg) 1.49 1.57 1.50 1.51 1.42 0.050 0.35 0.21 0.17
G:F (kg/kg) 0.511 0.497 0.495 0.502 0.524 0.009 0.09 0.24 0.01

NE, net energy; SEM, standard error of the mean; BW, body weight; ADG, average daily gain; ADFI, average daily feed intake; G:F, gain to feed ratio.
1) Data are least squares means of 12 observations per treatment.
2) Formulated NE concentrations based on NE concentrations of ingredients [7].
3) T, overall effects of treatments; L, linear effects of increasing NE concentrations of diets; Q, quadratic effects of increasing NE concentrations of diets.

Figure 1. Linear regression analysis between daily net energy intake (= 
ADFI×average NE concentrations of diets predicted from French NE equations of Eq. 
1-7, 1-8, and 1-9 [4,7] and average body weight recorded weekly. NE, net energy; 
ADFI, average daily feed intake; BW, body weight.

Figure 2. Linear regression analysis between daily net energy intake (= ADFI×NE 
concentrations of diets predicted from Dutch NE equations of Eq. 1-10 [3,4] and 
average body weight recorded weekly. NE, net energy; ADFI, average daily feed 
intake; BW, body weight.
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  The measured DE and ME concentrations of five diets were 
similar to the formulated DE and ME concentrations of diets, 
which were based on tabulated DE and ME concentrations of 
individual ingredients of the diets [7]. As expected, increasing 
inclusion of lipid ingredients high in DE and ME and decreasing 
inclusion of fiber ingredients low in DE and ME resulted in an 
increase in the measured DE and ME concentrations of diets. 
In addition, increasing NE concentrations of diets increased the 
measured ME:DE ratio of diets, which is likely associated with 
increasing lipid concentrations and decreasing CP concentrations 
of diets [22].
  Increasing NE concentrations of diets linearly increased pre­
dicted NE7, NE8, and NE9 values and these values were similar 
although different prediction equations were used, indicating 
that NE values predicted from all three NE equations of NRC 
are comparable [4]. The NEaverage values were also close to those 
of the formulated NE concentrations of diets, which were based 
on tabulated NE concentrations of ingredients used for diets [7]. 
This is likely because tabulated NE values for ingredients were 
also predicted from the similar NE equations [2,7].
  The values for NE10 of diets were greater than the values for 
NE7, NE8, NE9, and NEaverage of diets. This result agrees with the 
results of previous experiments [5,23] in which values predicted 
from the equation of Blok [3] appeared to be greater than those 
predicted from the equations of Noblet et al [2]. This discrepancy 
can be attributed to differences in the concept of carbohydrate 
utilization of pigs and in the analytical procedure of lipids [5,23]. 
These NE prediction equations adopt digestible nutrient con­
centrations of feed ingredients to estimate the NE values for diets 
and ingredients in a similar manner [5,24]. However, Blok [3] 
separated total digestible carbohydrates (i.e., starch and sugar) 
into an enzymatically-digestible portion and a fermentable por­
tion due to the different energetic efficiencies of carbohydrates 
utilized in the small intestine vs. the large intestine of pigs. In 
addition, Blok [3] proposed the regression coefficient (= 8.54) 
for digestible lipids in the NE equation based on the CTTAD of 
lipids calculated with both diet and fecal AEE concentrations, 
whereas Noblet et al [2] generated the regression coefficient (= 
8.37) based on the CTTAD of lipids calculated with feed EE but 
fecal AEE concentrations.
  It was expected that the ranking of NE values for the 5 diets 
predicted from either Noblet et al [2] or Blok [3] would be similar 
in this experiment because the relative contributions of different 
digestible nutrient fractions appear to be comparable in the NE 
equations [5]. Interestingly, increasing NE concentrations of diets 
decreased the ratio of NE10 to NEaverage. This result is most likely 
a consequence of increasing lipid concentrations of diets for in­
creasing NE concentrations of diets.
  It has long been recognized that growing pigs generally try 
to consume feed or energy to satisfy their energy requirements 
for maintenance and growth, and therefore, if energy concen­
trations of diets are increased, voluntary FI of pigs will decline 

[25-27]. However, it was reported that young pigs weighing less 
than 20 kg had a limited ability to control FI in response to de­
creasing energy concentrations of diets, mainly due to limited 
physical gut capacity [28]. On the other hand, growing pigs from 
20 to 50 kg BW had a greater ability to adjust their FI to different 
energy concentrations of diets than young pigs if DE concen­
trations of diets exceeded 14 MJ DE/kg (assumed to be 9.94 
MJ NE/kg; NE = 0.71×DE) [28]. Similar results were also reported 
by Beaulieu et al [8] who observed a linear decrease in the FI of 
pigs during the growth period of 30 to 50 kg BW as DE of diets 
was increased from 13.6 to 14.9 MJ DE/kg (assumed to be 9.7 to 
10.6 MJ NE/kg; NE = 0.71×DE) [2]. In the current experiment, 
however, increasing NE concentrations of diets from 9.6 to 11.6 
MJ NE/kg did not affect the ADFI of growing gilts. This result 
was in agreement with observations by Oresanya et al [29] who 
reported that the ADFI was not affected by increasing NE con­
centrations of diets from 9.2 to 10.1 NE MJ/kg during the initial 
growing period (from 9.5 to 25.0 kg BW) of weanling barrows. 
Kil et al [14] also observed no differences in the ADFI of growing 
pigs between 20 and 50 kg BW if diets containing increasing NE 
concentrations by inclusion of soybean oil were provided. The 
reason for these conflicting results is not clear; however, it may 
be associated with variations in experimental conditions includ­
ing environment (temperature, group size etc.), animals (age, 
genotype, health etc.), and diets (nutrient concentrations, in­
gredient sources etc.) as demonstrated by Nyachoti et al [25]. For 
instance, pigs used in this experiment and other experiments 
[14,29] were raised individually, and thus may have the greater 
FI because of unlimited access to feeds [14,25,26], which may 
affect the ability to regulate FI in response to different NE concen­
trations of diets. In this experiment, increasing NE concentrations 
of diets were achieved by increasing inclusion of fish meal and 
soybean oil in the diets while concomitantly reducing inclusion 
of soybean meal and wheat bran. This approach may inadver­
tently increase the palatability of the diets to pigs [30], which 
may offset the reduction in FI that results from increasing NE 
concentrations of diets.
  The observation that increasing NE concentrations of diets 
had no effects on the ADG of growing gilts may be a result of 
the lack of a difference in the ADFI among pigs fed 5 dietary 
treatments. This result agreed with previous experiments using 
weanling barrows [29] and growing pigs [14,31-33]. Increasing 
NE concentrations of diets increased the concentrations of SID 
of essential amino acid (AA) as well as those of total Ca and P 
to maintain a constant ratio of AA, Ca, and P to NE (g/MJ) [4], 
and all diets were formulated to provide nutrients in excess of 
the requirement for this stage of pigs. This diet formulation was 
based on the assumption that FI will be decreased proportionally 
as NE concentrations of diets were increased, ensuring that other 
nutrients were not limited for pig growth [26]. However, we failed 
to detect differences in FI, indicating that growing gilts used in 
this experiment were not limited in the supply of any nutrient 
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for growth across different NE concentrations of diets. This result 
further suggested that nutrient concentrations of diets containing 
9.6 NE/kg, which contained the least amounts of energy and 
nutrients, may be sufficient to maintain proper growth of growing 
gilts housed individually.
  Increasing energy concentrations of diets have been typically 
known to improve G:F in pigs by decreasing ADFI and/or in­
creasing ADG [8,27]. However, this notion is not always warranted, 
owing to various animal and environmental factors affecting FI 
and the utilization of energy and nutrients in pigs’ bodies. Several 
previous experiments reported no effects of increasing NE con­
centrations of diets on the G:F of weanling pigs [29] and growing 
pigs [14,31,34]. However, the current experiment showed a qua­
dratic relationship between NE concentrations of diets and G:F. 
Growing gilts fed diets containing 11.6 MJ NE/kg tended to have 
greater G:F than those fed diets containing 10.1 or 10.6 MJ NE/kg, 
whereas other pigs fed diets containing 9.6 or 11.1 MJ NE/kg 
showed intermediate value for G:F. This result was difficult to 
be explained because final BW, ADG, and ADFI did not differ 
among dietary treatments and there were no apparent issues with 
animal health or technical problems. We speculated, therefore, 
that this quadratic relationship may be due to an unexpectedly 
greater G:F for pigs fed diets containing 9.6 MJ NE/kg with un­
known reasons, whereas there was an increasing tendency for 
G:F as NE concentrations of diets were increased from 10.1 to 
11.6 MJ NE/kg, which was supported by the general relationship 
between energy concentrations of diets and the G:F of pigs [8,27].
  The energy intake is an important factor affecting growth per­
formance of pigs, and it is also used to determine recommended 
energy concentrations of diets if FI is predicted accurately [4]. 
Most prediction equations for energy intake have been established 
based on DE [6] or ME [4] with an asymptotic relationship to 
the wide range of BW between 15 and 110 kg [6] or between 
20 and 140 kg [4]. To our knowledge, however, there has been 
limited information regarding NE intake predicted from the 
BW of young gilts, specifically for the growing phase although 
NE is superior to DE or ME for predicting pig performance [1,5]. 
In the present study, therefore, daily NE intake as a function of 
the BW for growing gilts between 15 and 40 kg BW was predicted 
from the data for ADFI and predicted NE concentrations (i.e., 
NEaverage and NE10) derived from NRC [4] NE equations [2,3], 
and the average BW of individual pigs measured weekly. As a 
goodness of fit for the regression model, the R2 values for both 
regression equations of NEaverage intake and NE10 intake were 
relative high (i.e., near to 0.80). According to NRC [4], daily NE 
intake was estimated to be 16.38 MJ NE for growing pigs between 
25 and 50 kg, and this value was comparable to 16.90 MJ NE for 
pigs of 27.5 kg BW predicted from the regression equation of 
NEaverage intake in the current experiment. However, daily NE 
intake was 18.42 MJ NE based on the regression equation of 
NE10 intake for pigs of 27.5 kg BW. The greater NE intake based 
on NE10 rather than NEaverage was expected due to greater NE10 

values than NEaverage values. It is suggested, therefore, that both 
equations can reasonably be used to predict daily NE intake as a 
function of the BW of growing gilts. However, a similar regression 
analysis for finishing gilts between 40 and 80 kg was performed 
in our previous experiment [23], but R2 values for the regression 
equations were very low (i.e., less than 0.37). Thus, we suggest 
that daily NE intake can be predicted solely from the BW of 
growing gilts, but this has little reliability for finishing gilts.
  In conclusion, formulated NE concentrations of diets based 
on NE concentrations of ingredients are close to predicted NE 
concentrations of diets using NRC [4] NE equations (French NE 
system), although formulated NE concentrations of diets in this 
experiment vary largely. Increasing NE concentrations of diets 
have little effect on growth performance of growing gilts. Daily 
NE intake for growing gilts can be predicted from the BW of pigs 
between 15 and 40 kg.
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