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Society perspective of animal agriculture
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• Greenhouse gas (GHG) emissions from global animal agriculture 
– By species (% of GHG from global animal agriculture)

Greenhouse gas emission and animal agriculture

www.fao.org
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Mainly CH4

Mainly N2O
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• Global use of supplemental AA has been increased dramatically.
– Trends of low protein formulation (cost, gut health, and environment)

Low protein formulation: global trends
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Kim et al., 2024. Understanding and optimizing the use of amino acids
in pig nutrition, In: Advances in Pig Nutrition
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Low protein formulation: global trends
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• Major trend of low protein formulation since 2017 (w/ Val, Arg, Ile, His)

Low protein formulation: recent trends
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Low protein formulation: recent trends and future
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Low protein formulation: supplemental AA

Shen and Kim, 2019. ASAS MW
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Typical corn-SBM-DDGS feeds 
in the US

Lys
Thr Met

Trp Val Ile
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Low protein formulation: supplemental AA

Shen and Kim, 2019. ASAS MW
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Low protein formulation: supplemental AA

Typical wheat SBM feeds in the EU

Pomar, 2019; Eurolysine, 2019
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Low protein formulation: intestinal health
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• Excess dietary protein increases undigested protein in the intestine.
– Provides risks of increasing ammonia producing bacteria (Proteobacteria)



NC STATE UNIVERSITY DEPARTMENT OF ANIMAL SCIENCE

Low protein formulation: intestinal health

Cook et al, 2019; Heo et al., 2010; Kim, 2019

• Undigested protein causes microbial imbalance 
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Hindgut



NC STATE UNIVERSITY DEPARTMENT OF ANIMAL SCIENCE

Low protein formulation: intestinal health

Heo et al., 2010

• Undigested protein can cause diarrhea in nursery pigs. 

© 2024 Sung Woo Kim.  All rights reserved. 



NC STATE UNIVERSITY DEPARTMENT OF ANIMAL SCIENCE

Low protein formulation: intestinal health

Duarte et al., 2024. J Anim Sci Biotech 15:55

• Undigested protein increases abundance of ammnogenic bacteria 
associated to the jejunal mucosa causing gut mucosal inflammation.
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Low protein formulation: intestinal health

• Efficient utilization of amino acids and N
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Low protein formulation: intestinal health

Zhao et al., 2014. J Anim Sci Biotech 5:57

• Whey protein concentrate (9.35%) and fish meal (5.00%) were 
replaced by Lys, Met, Thr, Trp, Val, and Ile when CP was reduced 
from 22.6 to 18.5%. 
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• Meta-analysis, low CP formulation
– Review of how much supplemental amino acids can be used without 

negative effects on growth efficiency
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Low protein formulation: implication/limitation

Rocha et al., 2022. Animals 12:3478
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• Meta-analysis, low CP formulation
– Min CP levels with all EAA balanced without compromising ADG

• 18.4% for nursery, 16.1% for grower, and 11.6% for finisher
• Due to limited NEAA, bioactive compounds (?)
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Low protein formulation: implication/limitation

Rocha et al., 2022. Animals 12:3478
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• Meta-analysis, low CP formulation
– Max levels of L-lysine HCl (78% purity) without compromising ADG

• 0.54% for nursery and grower (18.4 and 16.1% CP)   
• 0.31% for finisher (11.6% CP)
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Low protein formulation: implication/limitation

Rocha et al., 2022. Animals 12:3478
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Thank you!
      Thoughts? Questions? 

Invitation:

  

Contact: 
Sung Woo Kim, Professor
sungwoo_kim@ncsu.edu
https://g.co/kgs/cWAqqS
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