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Low crude protein diets have lots of advantages, however, to avoid the animals performance plummeting, the amino acid require-
ments have to be met correctly. Typically, a ratio of amino acids to lysine should be maintaned. The branched chain amino acids
including valine, isoleucine and leucine, are sharing a common metabolism. The excess of leuine in the diet can influence the requir-
ments of valine and isoleucine. There is conflicting information available about the optimal isoleucine to lysine ratio. Based on the
available literature and established nutritional recommendation standards, an optimal standarized ileal digestible isoleucine to lysine
ratio of 53 - 55 % is suggested for pigs.
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Background

Nutritionists may formulate low crude protein (CP) diets for swine diet because it has several advantages. First, balancing for amino
acids instead of CP will redcue excretion of excessive dietary nitrogen to the environment [1]. Second, especially when raw material
prices are high, protein rich materials are the most expensive ingredients. Thus, low CP diets are more economical. Third, an excess
of protein in the diet is associated with diseases like post-weaning diarrhea [2-4]. To ensure the amino acid (AA) requirements of the
animals are metin a CP reduced feed, it is necessary to supplement the crystalline AAs in the diet. Commercial pig diets are routinely
supplemented with lysine (Lys), methionine (Met), threonine (Thr), and tryptophan (Trp). In plant-based diets, isoleucine (Ile) is
expected to be the sixth limiting AA (after valine (Val) for pigs [5-7].

Several factors, such as gender, production stage, or health status, may influence the requirements. Because the branched chain
AAs are sharing a common catabolism [8], dietary interactions between these amino acids potentially influence their requirements
[9]. Literature shows a clear evidence that a deficiency in Ile leads to a decrease in feed intake and consequently to poor perfor-
mance in nursery piglets [10], however, there is conflicting information about the accurate Ile requirement.

Metabolism of isoleucine

BCAAs account for about 30 % of the essential AAs in the muscle, showing their importance for muscle development. Unlike other
AAs, BCAAs are not primarily metabolized in the liver but in the muscle. Val, Leu, and Ile share a common metabolism because they
are degraded by the same enzymatic system in a two-step process. First, the BCAAs get degraded by the BCAA Transaminase (BCAT)
to form branched-chain a-keto acids (BCKA). In a second step, BCKAs undergo oxidative decarboxylation catalyzed by BCKA
dehydrogenase (BCKDH) complex enzyme.

Thus, BCAAs in the diets need to be balanced. Especially a leucine (Leu) oversupply may affect the requirement of Val and Ile because
Leu acts as a stimulator for the common enzyme system [9] and consequently reduces the availability of Val and Ile. However, an
excess of Leu seems to have a bigger impact on Ile, rather than Val. Especially blood-byproducts are very high in Leu and extremely
low in Ile, which creates a strong imbalance between the BCAAs when these products are used in piglet diets.

Isoleucine requirements

Considering the established nutritional recommendation standards (Table 1), the optimal digestible Ile to Lys ratio varies between
51 (Danish nutrient standards, 2020) and 58 (BSAS, 2003).
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Tabel 1. Overview of suggested isoleucine:lysine ratios, estimated by
established nutrient standards

Reference ‘ Phase [kg] Suggested SID Ile:Lys Suggested SID Leu:Lys

NRC, 2012 75 53 101
BSAS, 2003 10-120 58 100
FEDNA, 2013 20-100 55 100
Danish nutrient standards, 2020 30-115 51-53 96 - 100

In a study using 24 - 39 kg pigs, Ile to Lys ratios were investigated in diets with moderate Leu content [14]. The optimum SID Ile to
Lys ratio was approximately 54% for pigs fed diets containing non-excess levels of Leu. In an earlier study [15], the optimal Ile to Lys
ratio in starter pigs from 7 - 11 kg was investigated in diets with 7.5 % spray-dried blood cells (SID Leu to Lys 162 %). On average,
SID Ile to Lys ratio was estimated to be 61 % [15]. In two growth assays [10] the effect of diet composition on the optimal Ile to Lys
ratio in 8 - 25 kg pigs were compared using either spray-dried blood cells or corn gluten feed as protein source. SID Ile to Lys for
ADG and ADFI was estimated to be 59 % in case the diet contains 7.5 % spray-dried blood cells (SID Leu to Lys 160 %). In contrast,
when using corn gluten feed (SID Leu to Lys 102 %) an optimal SID Ile to Lys of 54 % was observed. The authors concluded that the
Ile requirements derived from studies using blood-byproducts are not applicabe for diets with other protein sources [10].

In a meta-analysis [16], the Ile requirement of growing pigs was investigated. The presence of blood products in a diet had a signifi-
cant influence on Ile requirement. Blood products have very low Ile concentration, but very high concentration of Leu, phenylala-
nine and histidine. Especially excess Leu seems to increase the requirement for Ile. Consequently, in diets with and without blood
prodcuts an optimal SID Ile to Lys ratio of 55 % and 50% was suggested, respectively.

Conclusions

Information about the Ile requirement in pigs is limited and sometimes conflicting. Especially the use of blood products in the diet
has an impact on the estimated Ile requirements. Based on the available literature, an optimal SID Ile to Lys ratio of 53 % - 55 % is
suggested. When a diet contains high amounts of Leu, a higher SID Ile to Lys may be necessary.



4 ----- AMINO ACIDS

REFERENCES

10.

1.

12.

13.

14.

15.

16.

. Mallin, M.A.; Cahoon, L.B. Industrialized animal production—a major source of nutrient and microbial pollution to aquatic ecosystems.

Popul. Environ. 2003, 24, 369-385, doi:10.1023/A:1023690824045.

. Partanen, K.H.; Mroz, Z. Organic acids for performance enhancement in pig diets. Nutr. Res. Rev. 1999, 12, 117-145, d0i:10.1079/0954422991

08728884.

. Wellock, I1.J.; Fortomaris, P.D.; Houdijk, J.G.; Kyriazakis, I. Effects of dietary protein supply, weaning age and experimental enterotoxigenic

Escherichia coli infection on newly weaned pigs: Health. Animal. 2008, 2, 834-842, doi:10.1017/51751731108002048.

. Nyachoti, C.M.; Omogbenigun, F.0.; Rademacher, M.; Blank, G. Performance responses and indicators of gastrointestinal health in

early-weaned pigs fed low-protein amino acid-supplemented diets. . Anim. Sci. 2006, 84, 125-134, d0i:10.2527/2006.841125x.

. Figueroa, J.L.; Lewis, A.J.; Miller, P.S.; Fischer, R.L.; Diedrichsen, R.M. Growth, carcass traits, and plasma amino acid concentrations of gilts

fed low-protein diets supplemented with amino acids including histidine, isoleucine, and valine. J. Anim. Sci. 2003, 81, 1529-1537, doi:10.25
27/2003.8161529x.

. Mavromichalis, I.; Webel, D.M.; Emmert, ).L.; Moser, R.L.; Baker, D.H. Limiting order of amino acids in a low-protein corn-soybean meal-whey

-based diet for nursery pigs. J. Anim. Sci. 1998, 76, 2833-2837, doi:10.2527/1998.76112833x.

. Lordelo, M.M.; Gaspar, A.M.; Le Bellego, L.; Freire, J.P. Isoleucine and valine supplementation of a low-protein corn-wheat-soybean meal-

based diet for piglets: Growth performance and nitrogen balance. J. Anim. Sci. 2008, 86, 2936-2941, doi:10.2527/jas.2007-0222.

. Gloaguen, M.; Le Floc'h, N.; Brossard, L.; Barea, R.; Primot, Y.; Corrent, E.; van Milgen, J. Response of piglets to the valine content in diet in

combination with the supply of other branched-chain amino acids. Animal. 2011, 5, 1734-1742, doi:10.1017/51751731111000760.

. Wiltafsky, M.K.; Pfaffl, M.W.; Roth, F.X. The effects of branched-chain amino acid interactions on growth performance, blood metabolites,

enzyme kinetics and transcriptomics in weaned pigs. Br. . Nutr. 2010, 103, 964-976, doi:10.1017/5S0007114509992212.

Wiltafsky, M.K.; Bartelt, J.; Relandeau, C.; Roth, F.X. Estimation of the optimum ratio of standardized ileal digestible isoleucine to lysine for
eight-to twenty-five-kilogram pigs in diets containing spray-dried blood cells or corn gluten feed as a protein source. J. Anim. Sci. 2009 Aug
1,87(8):2554-64.

Tybirk, P; Sloth, N.M.; Kjeldsen, N.; Weber, N.. Nutrient recommendations for pigs in Denmark. 2020, SEGES Pig Research Centre, Copenha-
gen, Denmark. 30th edition.

British Society of Animal Science (BSAS). Nutrient requirement standards for pigs. 2003, British Society of Animal Science, Penicuik, UK.
NRC. Nutrient requirements of swine. 2012, 11th rev. ed. Natl. Acad. Press, Washington, DC.

Htoo, J.K.; Zhu, C.L.; Huber, L.; de Lange, C.F.; Quant, A.D.; Kerr, B.J.; Cromwell, G.L.; Lindemann, M.D. Determining the optimal isoleucine:
lysine ratio for ten-to twenty-two-kilogram and twenty-four-to thirty-nine-kilogram pigs fed diets containing nonexcess levels of leucine. J.
Anim. Sci. 2014 Aug 1;92(8):3482-90.

Kerr, B.J.; Kidd, M.T.; Cuaron, J.A.; Bryant, K.L.; Parr, T.M.; Maxwell, C.V.; Campbell, .M. Isoleucine requirements and ratios in starting (7 to
11 kg) pigs. J. Anim. Sci. 2004 Aug 1;82(8):2333-42.

van Milgen, J.; Gloaguen, M.; Le Floc'H, N.; Brossard, L.; Primot, Y.; Corrent, E. Meta-analysis of the response of growing pigs to the isoleucine
concentration in the diet. Animal. 2012 Oct;6(10):1601-8.



