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Dietary net energy concentrations to optimize growth performance of 
modern pigs – a review 

Key information 

• Based on the results of published literature, the dietary net energy (NE) concentrations to optimize growth 

performance of pigs with average body weight of 7 to 12 kg, 10 to 23 kg, 25 to 50 kg and 60 to 100 kg fed low 

protein diets are 10.4, 10.2, 10.0 and 9.9 MJ/kg (2.48, 2.43, 2.39, 2.36 Mcal/kg), respectively. 

• The estimates of corresponding optimal standardized ileal digestible (SID) Lys:NE ratio for 7 to 12 kg, 10 to 23 kg, 

25 to 50 kg and 60 to 100 kg pigs are 1.37, 1.31, 1.05 and 0.83 g/MJ, respectively. 

• Growth responses of pigs fed diets with adequate Lys level are greater than pigs fed Lys-deficient diets even 

though diets were balanced for the same SID Lys:NE ratio. This suggests that balancing for an adequate Lys level 

is more crucial and it may not be appropriate to maintain the same SID Lys:NE ratio in pig diets when SID Lys 

levels are different in these diets. 

• The NE requirement estimates presented in this review article are slightly lower than current recommendations for 

NE (AMINOPig®). One possible reason is that today’s pigs with a greater lean protein gain and less body fat would 

need somewhat lower NE compared with their counterparts with greater body fat, because energy requirements for 

retained protein are about 1.7 times lower than the same unit of body lipids. Furthermore, pigs fed with reduced 

protein diets require less energy for the breakdown of excess protein. 

• More research is needed into energy nutrition of pigs to better understand under which dietary conditions the 

dietary NE level affects feed intake, body weight gain or gain:feed, and if the different sources of energy (starch, 

fiber, protein or lipids) influence these parameters. 

Introduction 

To achieve maximum growth rate, adequate dietary supply of amino acids (AA), particularly lysine (Lys), is important 

because it is the first limiting AA in typical pig diets. Through continuous selection for lean gain, modern pigs are leaner 

and have a greater gain:feed (G:F) ratio compared with pigs of over a decade ago (CCSI, 2010). Because the main role 

of Lys is for body protein synthesis, an increase in lean gain of pigs means that these pigs need more Lys to meet their 

genetic growth potential. Indeed, an increased Lys requirement has been reported for pigs of different body weight (BW) 

ranges (Kim et al., 2011; Nemechek et al., 2012; NRC, 2012). 

Energy is not a nutrient per se, but it is required for metabolic processes, and it is associated with the nutrient content of 

the diets. Dietary energy density can influence the control of feed intake of pigs. Because the intake of feed can be 

influenced by the energy density of the diets, some nutritionists maintain an optimum Lys to energy ratio in different 
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phases of swine diets. Increasing the dietary net energy (NE) concentration increases energy intake, body deposition 

rate and content of lipid but not protein deposition rate (Oresanya et al., 2008). This also means that changes in dietary 

energy concentration alter the composition of gain without necessarily changing overall BW gain.  

The energy requirement for 1 g of retained lipids (9.46 kcal/g) is about 1.7 times greater than that of 1 g retained protein 

(5.66 kcal/g) in pigs (Ewan, 2001). Increased fat content in the body leads to an increased energy requirement per unit 

of BW gain. This also means that today’s pigs, with a greater lean protein gain and less body fat, would need less 

energy for a given amount of BW gain compared to their counterparts with greater body fat. 

Energy is important because it is the most expensive portion of the feed, and it can affect feed intake, nutrient utilization, 

and therefore animal performance. Our current understanding of energy nutrition is not at the same level as for AA 

nutrition in pigs. Among the energy systems for pigs, NE is the closest estimate of the energy that is actually available to 

the pigs because it considers heat loss associated with metabolism and ensures a more consistent growth and carcass 

quality (Kerr et al., 2015). 

However, the majority of the experiments conducted to determine the optimal Lys to energy ratio have used diets 

formulated on the basis of metabolizable energy (ME). Studies evaluating the optimal NE concentrations and/or optimal 

SID Lys:NE ratios in pig diets are scarce and inconsistent. Thus, the aim of this article was to do a literature review and 

provide an update on the optimal NE concentrations in low crude protein diets for weaned, grower and finisher pigs. 

Optimal net energy concentration in diets for weaned pigs (7 to 12 kg average BW) 

The optimal dietary NE estimates for weaned pigs (7 to 12 kg BW) are summarized in Table 1. Zhang et al. (2011a) 

conducted four experiments to determine the optimal NE concentration and SID:NE ratio for pigs about 8 to 13 kg 

(Landrace x Yorkshire) that were raised under commercial conditions. In Exp. 1, pigs were assigned to one of three diets 

adequate in AA (1.21 % SID Lys) but varied in NE (10.38, 10.13 or 9.87 MJ/kg). Average daily gain (ADG) and G:F 

maximized when the diet contained 10.38 MJ/kg. Average daily feed intake (ADFI) increased when the diet with the 

lowest NE content (9.87 MJ/kg) was fed to the pigs. The diets used in Exp.1 were also fed to 7 to 11 kg pigs in Exp. 2. 

Similar to Exp. 1, the ADG and G:F reached its maximum at a dietary NE concentration of 10.38 MJ/kg. In Exp. 3 and 4, 

pigs were assigned to one of the three diets adequate in NE (10.38 MJ/kg) but varied in SID Lys (1.11, 1.21 or 1.31 %) 

corresponding to SID Lys:NE ratios of 1.07, 1.17 or 1.26 g/MJ. In both Exp. 3 and 4, the ADG and G:F maximized and 

the ADFI was the lowest at a dietary SID Lys:NE ratio of 1.26 g/MJ. Based on these results, the optimal NE level was 

10.38 MJ/kg (2.48 Mcal/kg) and the optimal SID Lys:NE ratio was 1.26 g/MJ (5.28 g/Mcal) to maximize ADG and G:F of 

7 to 13 kg pigs. 

Htoo and Morales (2016a) evaluated the effect of dietary SID Lys and NE concentration on growth performance of 7 to 

11 kg PIC pigs that were assigned to six diet regimes using a 2 x 3 factorial arrangement with two levels of SID Lys 

(1.35 or 1.42 %) and three NE levels (10.00, 10.35 or 10.70 MJ/kg). Increasing SID Lys from 1.35 to 1.42 % increased 

G:F but did not affect ADG. The dietary NE content did not promote significant differences in ADG. The ADFI was not 

affected by SID Lys or NE levels. Overall, the G:F of 7 to 11 kg pigs reached its maximum when the diet contained 1.42 

% SID Lys and 10.35 MJ/kg NE, which corresponds to a SID Lys:NE of 1.37 g/MJ. They found that ADG and G:F 

responses of pigs fed a higher SID Lys diet (1.42 %) were greater than pigs fed a lower SID Lys diet (1.35 %), even 

though diets were balanced for a similar SID Lys:NE ratio (1.33 and 1.35 g/MJ, respectively). This indicates that 

formulating swine diets with an adequate Lys level is more crucial and it is better to individually evaluate the optimal 

dietary levels of AA and NE as suggested by Cline et al. (2016). Based on these results, the optimal dietary NE 

concentration for 7 to 12 kg pigs was 10.4 MJ/kg (2.48 Mcal/kg). On average, 13.9 MJ (3.32 Mcal) is required to achieve 

1 kg of BW gain for 7 to 12 kg pigs.  
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Optimal net energy concentration in diets for starter pigs (10 to 23 kg average BW) 

The optimal NE estimates for 10 to 23 kg pigs are given in Table 2. Htoo and Morales (2016a) used 9 to 17 kg PIC pigs, 

which were assigned to six diet regimes using a 2 x 3 factorial arrangement with two levels of SID Lys (1.22 or 1.32 %) 

and three NE levels (9.75, 10.10 or 10.45 MJ/kg). Increasing dietary SID Lys from 1.22 to 1.32 % increased ADG but did 

not affect G:F. The dietary NE level did not significantly increase G:F. Feed intake was not affected by SID Lys or NE 

levels. Increasing SID Lys from 1.22 to 1.32 % slightly decreased the amount of NE needed per kg BW gain from 17.2 to 

16.5 MJ/kg BW gain. Overall, the ADG of 9 to 17 kg pigs reached its maximum when the diet contained 1.32 % SID Lys 

and 10.10 MJ/kg NE, which corresponds to a SID Lys:NE ratio of 1.31 g/MJ. It should be mentioned that ADG and G:F 

of pigs fed 1.22 % SID Lys diet were lower than pigs fed 1.32 % SID Lys diet despite the fact that both diets were 

balanced for a similar SID Lys:NE ratio (1.25 and 1.26 g/MJ, respectively). This suggests that it may not be appropriate 

to balance for the same SID Lys:NE ratio in pig diets when SID Lys levels are different in these diets. 
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Li et al. (2011) also determined the optimal NE level for 11 to 28 kg pigs (Large white x Landrace x Duroc) by assigning 

the pigs to four dietary treatments (4 NE levels of 9.91, 10.06, 10.22 or 10.37 MJ/kg). The ADFI and ADG were not 

significantly affected but G:F maximized at a dietary NE content of 10.22 MJ/kg. Based on these results, the average 

optimal NE concentration in diets for 10 to 23 kg pigs was 10.2 MJ (2.43 Mcal/kg). Taking the average of both 

experiments, 16.0 MJ (3.82 Mcal) is required to achieve 1 kg of BW gain for 10 to 23 kg pigs. 

Optimal net energy concentration in diets for growing pigs (25 to 50 kg average BW) 

The optimal NE estimates for 25 to 50 kg growing pigs are summarized in Table 3. Yi et al. (2010) conducted two 

experiments to estimate the optimal NE level for approximately 25 to 50 kg barrows (Yorkshire x Large White x Duroc). 

In Exp. 1, the ADFI was not affected but ADG and G:F were affected by increasing dietary NE levels (9.87, 10.13, 10.46, 

10.79 or 11.05 MJ/kg). Both ADG and G:F reached their maximum at a dietary NE content of 9.87 MJ/kg. Similarly, the 

greatest ADG and G:F were achieved when pigs were fed a diet containing a NE content of 9.83 MJ/kg in Exp.2. 

In a 3 x 3 factorial arrangement with three levels of NE (9.66, 9.87 and 10.08 MJ/kg) and three SID Lys:NE ratios (0.89, 

0.96 and 1.03 g/MJ), Zhang et al. (2011b) evaluated the optimal NE and SID Lys:NE ratio for 23 to 56 kg barrows 

(Yorkshire x Large White x Duroc). The ADFI was not affected but the ADG and G:F maximized at dietary NE level of 

9.87 MJ/kg and a SID Lys:NE ratio of 1.03 g/MJ. 

Li et al. (2012) determined the effects of graded levels of NE (9.60, 9.91, 10.22 or 10.53 MJ/kg) on performance of 31 to 

50 kg mixed-sex pigs (Large White x Landrace x Duroc). The ADFI decreased when dietary NE content was increased 

from 9.60 to 10.22 or 10.53 MJ/kg. The ADG and G:F were highest at dietary NE level of 9.91 and 10.53 MJ/kg 

respectively, which gave an average optimal NE content of 10.22 MJ/kg for these pigs. Cámara et al. (2014) also 

assessed the effects of graded levels of NE (9.58, 9.75, 9.92, 10.08 or 10.25 MJ/kg) on performance of 28 to 44 kg gilts, 

boars or immune-castrated males. The ADG was not affected but there was a linear effect of NE level on ADFI and G:F. 

For maximizing G:F, these pigs need a dietary NE content of 10.08 MJ/kg whereas ADFI was highest at a dietary NE 

content of 9.5 MJ/kg. 

Htoo and Morales (2016b) assigned 23 to 45 kg PIC pigs in a 2 x 3 factorial arrangement with two levels of SID Lys 

(0.97 or 1.06 %) and three NE levels (9.65, 10.00 or 10.35 MJ/kg). Increasing SID Lys from 0.97 to 1.06 % increased 

ADG and G:F. At adequate dietary Lys (1.06 %), the ADG and G:F was highest at a dietary NE content of 10.0 MJ/kg 

(2.39 Mcal/kg) and 10.35 MJ/kg (2.47 Mcal/kg), respectively. Overall, the ADG of 23 to 45 kg pigs was highest at a 

dietary SID Lys of 1.06 %, which corresponds to a SID Lys:NE ratio of 1.06 g/MJ. 

Based on these results, the average optimal dietary NE concentration for 25 to 50 kg pigs was 10.0 MJ, which 

corresponds to a SID Lys:NE of 1.05 g/MJ. On average, 21.6 MJ (5.08 Mcal) is required to achieve 1 kg of BW gain for 

25 to 50 kg pigs. 

Optimal net energy concentration in diets for finishing pigs (60 to 100 kg average BW) 

The optimal NE estimates for 60 to 100 kg finishing pigs are given in Table 4. Chen et al. (2011) conducted two 

experiments to estimate the optimal NE level for approximately 60 to 100 kg barrows (Yorkshire x Large White x Duroc). 

In Exp. 1, the ADFI and ADG were significantly decreased by increasing dietary NE levels (9.87, 10.13, 10.46, 10.79 or 

11.05 MJ/kg). Both ADG and G:F maximized at a dietary NE content of 9.87 MJ/kg. The lowest back fat thickness and 

the greatest carcass lean gain were achieved when the diet containing 9.87 NE MJ/kg and 0.66 % SID Lys was fed to 

these pigs. Similarly, the greatest ADG and G:F were achieved when pigs were fed a diet containing a NE content of 

9.83 MJ/kg in Exp.2. However, the lowest back fat thickness and the greatest lean percentage were achieved with 10.04 

NE MJ/kg and 0.68 % SID Lys. 
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Zhang et al. (2011b) tested the optimal NE level and SID Lys:NE ratio for 63 to 99 kg barrows (Yorkshire x Landrace x 

Duroc) using a 3 x 3 factorial arrangement with 3 levels of SID Lys and 3 NE levels. The ADFI was not affected but the 

optimal ADG and G:F were achieved at a dietary NE level of 10.04 MJ/kg and a SID Lys:NE ratio of 0.83 g/MJ. 

Htoo and Morales (2017) conducted an experiment using 60 to 100 kg PIC pigs in a 2 x 3 factorial arrangement with 2 

levels of SID Lys (0.70 or 0.80 %) and 3 NE levels (9.40, 9.75 or 10.10 MJ/kg) for 45 days. Increasing dietary SID Lys 

from 0.70 to 0.80 % increased the ADG and G:F, and reduced the amount of NE need per kg BW gain from 24.1 to 22.0 

MJ/kg BW gain. Carcass yield, back fat and lean gain were not affected by dietary NE contents. Overall, the ADG of 60 

to 100 kg pigs maximized when the diet contains 0.80 % SID Lys and 9.75 MJ/kg NE, which corresponds to a SID 

Lys:NE of 0.82 g/MJ. 
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Based on these results, the average optimal NE concentration in diets for 60 to 100 kg pigs was 9.9 MJ (2.36 Mcal/kg), 

which corresponds to a SID Lys:NE of 0.83 g/MJ. On average, 27.9 MJ (6.66 Mcal) is required to achieve 1 kg of BW 

gain for 60 to 100 kg pigs. 

Conclusions 

Based on the evaluation of the available published data on NE requirements of pigs, the optimal dietary NE 

concentration are 10.4, 10.2, 10.0 and 9.9 MJ/kg (2.48, 2.43, 2.39, 2.36 Mcal/kg) for 7 to 12 kg, 10 to 23 kg, 25 to 50 kg 

and 60 to 100 kg BW, respectively (Figure 1). These NE values are slightly lower than the current Evonik 

recommendation for NE of 10.7, 10.4, 10.2 and 10.0 MJ/kg for these BW ranges (AMINOPig®). 

This may be partly because the energy requirement for the same unit of body lipids is about 1.7 times higher than that of 

retained protein, as today’s pigs with greater lean gain and less body fat need somewhat lower NE compared with their 

counterparts with greater body fat. Furthermore, pigs fed reduced protein diets require less energy for the breakdown of 

excess protein. Thus, the NE requirements of the lean pigs fed low-protein diets may be lower than the current 

recommendations. 

Future perspectives 

More research is needed in energy nutrition of pigs to better understand under which dietary conditions the dietary NE 

level affects feed intake, body weight gain or gain:feed, and whether different sources of energy (starch, fiber, protein or 

lipids) influence these parameters. Moreover, research should aim to increase knowledge about how NE is utilized, 

partition of body protein and lipids by the pigs, and how to optimize daily energy supply for a desired carcass quality to 

achieve the highest possible profit. 

 

 

 

 
Figure 1:  Overview of optimal dietary NE concentration in pig diets for different phases 



 

 

Evonik Operations GmbH | AMINONews® | August 2021 | Page 7 / 9 

 

 

References 

AMINOPig® 1.0. 2011. Evonik Industries, Hanau-Wolfgang, Germany. 

Canadian Centre for Swine Improvement. 2010. Annual Report 2009/2010 (Source: 

www.ccsi.ca/meetings/annual/ann2010.pdf). 

Cámara, L., J.D. Berrocoso, J.L. Sánchez, C.J. López-Bote and G.G. Mateos. 2014. Influence of net energy content of 

the diets on productive performance and carcass merit of gilts, boars and immunocastrated males slaughtered at 120 kg 

BW. Meat Science 98:773-780.  

Chen, H., X. Yi, G. Zhang, N. Lu, L. Chu, P. A. Thacker and S. Qiao. 2011. Studies on reducing Nitrogen Excretion: Net 

Energy Requirement of Finishing Pigs Maximizing Performance and Carcass Quality Fed Low Crude Protein Diets 

Supplemented with Crystalline Amino Acids. Journal of Animal Science and Biotechnology 2 (2):84-93. 

Cline, P. M., T. C. Tsai, A. M. Stelzleni, C. R. Dove and M. Azain. 2016. Interaction of dietary energy and protein on 

growth performance, carcass characteristics and digestibility in finishing barrows when fed at a constant digestible lysine 

to metabolizable energy ratio. Livestock Science 84:1-6. 

Ewan, R. C. 2001. Energy utilization in swine nutrition. Pages 85–94 in Swine Nutrition. A. J. Lewis and L. L. Southern, 

ed. CRC Press LLC, Boca Raton, FL. 

Gonçalves Liliane Maria Piano, Charles Kiefer, Karina Márcia Ribeiro de Souza, Danilo Alves Marçal, Rodrigo Caetano 

de Abreu, Ariadne Maria Portilho Saturnino da Silva, and Stephan Alexander da Silva Alencar. 2015. Net energy levels 

for finishing barrows. Ciência Rural, Santa Maria 45 (3):464-469. 

Htoo, J. K. and J. Morales. 2016a. Effect of dietary net energy and digestible lysine levels on performance of weaned 

and starter pigs fed low protein-amino acids fortified diets. Journal of Animal Science 94 (E-Suppl. 5):460-461.  

Htoo, J. K. and J. Morales. 2016b. Effect of dietary net energy and digestible lysine levels on growth performance of 

growing pigs. Proceeding of 5th International Symposium on Energy and Protein Metabolism and Nutrition, September 

12 to 15, Krakow. 



 

 

Evonik Operations GmbH | AMINONews® | August 2021 | Page 8 / 9 

 

Htoo, J. K. and J. Morales. 2017. Effect of dietary net energy and digestible lysine levels on growth performance and 

carcass composition of finishing pigs. Journal of Animal Science 95 (E-Suppl. 4):208-209. 

Kerr, B. J., N. K. Gabler and G. C. Shurson. 2015. Formulating diets containing corn distillers dried grains with solubles 

on a net energy basis: Effects on pig performance and on energy and nutrient digestibility. The Professional Animal 

Scientist 31:497-503. 

Kim, Y. W., S. L. Ingale, J. S. Kim, K. H. Kim and B. J. Chae. 2011: Effects of dietary lysine and energy levels on growth 

performance and apparent total tract digestibility of nutrients in weanling pigs. Asian-Australian Journal of Animal 

Science 24 (9): 1256-1267. 

Li, P., X. Piao, Z. Zeng, D. Wang, L. Xue, R. Zhang, B. Dong and S. W. Kim. 2011. Effects of the standard ileal 

digestible lysine to metabolizable energy ratio on performance, nutrient digestibility and plasma parameters of 10 to 28 

kg pigs. Journal of Animal Science and Biotechnology 2 (1):35-43. 

Li, P, Z. Zeng, D. Wang, L. Xue, R. Zhang and X. Piao. 2012. Effects of the standardized ileal digestible lysine to 

metabolizable energy ratio on performance and carcass characteristics of growing-finishing pigs. Journal of Animal 

Science and Biotechnology 3:1-9. 

Nemechek, J. E., A. M. Gaines, M. D. Tokach, G. L. Allee, R. D. Goodband, J. M. DeRouchey, J. L. Nelssen, J. L. Usry, 

G. Gourley and S. S. Dritz. 2012. Evaluation of standardized ileal digestible lysine requirement of nursery pigs from 

seven to fourteen kilograms. Journal of Animal Science 90:4380-4390. 

NRC, 2012: Nutrient Requirements of Swine, 11th edn. National Academic Press, Washington, DC, USA. 

Oresanya, T. F., A. D. Beaulieu and J. F. Patience. 2008. Investigations of energy metabolism in weanling barrows: The 

interaction of dietary energy concentration and daily feed (energy) intake. Journal of Animal Science 86:348-363. 

Zhang, W., Defa Li , X. Piao, and Z. Zhu. 2011a. Effect of the Standardized Ileal Digestible Lysine to Net Energy Ratio 

on the Performance of Weaning Pigs Housed Under Commercial Conditions. Journal of Animal Science and 

Biotechnology 2 (4):217-223. 

Zhang, G., X. Yi, L. Chu, N. Lu, J.K. Htoo and S. Qiao. 2011b. Effects of dietary net energy density and standardized 

ileal digestible lysine:net energy ratio on the performance and carcass characteristic of crowing-finishing Pigs fed low 

crude protein supplemented with crystalline amino acids diets. Agricultural Sciences in China 10(4): 602-610. 

 

 

 

 

 

 



 

 

Evonik Operations GmbH | AMINONews® | August 2021 | Page 9 / 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The content of this document is for the information and assistance of Evonik’s customers and is not applicable to products marketed or sold in the 

United States. Evonik markets its products in compliance with applicable local laws, but it is the user’s responsibility to ensure that the use of and 

any claims made for this product comply with all relevant requirements. This document may not be published in the United States without the 

express written consent of Evonik Operations GmbH. 

 

 

 

 

Evonik Operations GmbH 

Animal Nutrition Business Line 

animal-nutrition@evonik.com 

www.evonik.com/animal-nutrition 

 

 

This information and any recommendations, technical or otherwise, are 
presented in good faith and believed to be correct as of the date prepared. 
Recipients of this information and recommendations must make their own 
determination as to its suitability for their purposes. In no event shall Evonik 
assume liability for damages or losses of any kind or nature that result from 
the use of or reliance upon this information and recommendations. EVONIK 
EXPRESSLY DISCLAIMS ANY REPRESENTATIONS AND WARRANTIES 
OF ANY KIND, WHETHER EXPRESS OR IMPLIED, AS TO THE 
ACCURACY, COMPLETENESS, NON-INFRINGEMENT, 
MERCHANTABILITY AND/OR FITNESS FOR A PARTICULAR PURPOSE 
(EVEN IF EVONIK IS AWARE OF SUCH PURPOSE) WITH RESPECT TO 
ANY INFORMATION AND RECOMMENDATIONS PROVIDED. Reference to 
any trade names used by other companies is neither a recommendation nor 
an endorsement of the corresponding product, and does not imply that 
similar products could not be used. Evonik reserves the right to make any 
changes to the information and/or recommendations at any time, without 
prior or subsequent notice. 

 

 

mailto:animal-nutrition@evonik.com

