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ABSTRACT
Objective: To determine the importance of the formulation of “ideal protein” diets for starting-growing pigs.
Design/methodology/approach: A bibliographic review of the concept of ideal protein and low-protein in 
pig diets was carried out to determine their practical application in commercial production.
Results: Low-protein diets in pig production are an environmentally friendly strategy. The 3 percentage units 
of reduction in CP is the maximum level, when only crystalline lysine, methionine, threonine, and tryptophan 
are available. However, when there is a greater number of synthetic amino acids, the reduction in CP can range 
from 4 to 5 percentage units.
Study limitations/implications: Market conditions allow the incorporation of lysine, methionine, threonine, 
and tryptophan into the diet. Potentially, owing to its availability and price, valine could be considered as part 
of commercial diets in a short time. However, the inclusion of other AA is not currently viable, as a result of 
their low availability and high market price.
Findings/conclusions: Low-protein diets should be used in pig production, since they maintain or improve 
the productive variables and reduce the environmental impact, as a result of the reduction of nitrogen excretion 
to the environment.
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INTRODUCTION
 “Ideal protein” means that no amino acid (AA) is to be supplied in excess of requirements 
as compared to any other AA in pig diet: i.e., an exact balance of AA, without deficiency 
or excess. As a consequence, protein retention (protein gain in relation to protein intake) 
is maximized and nitrogen excretion is minimized. This is possible through an adequate 
combination of protein concentrates and synthetic AA supplements (Leclercq, 1998). The 
use of the ideal protein concept in formulating pig diets or its practical application (low-
protein diets) is an effective resource that allows a precise formulation of diets to be carried 
out considering AA requirements, given that pigs only require AA to synthesize proteins 
contained in muscle, which are genetically determined (NRC, 2012).
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 A diet formulation based on ideal protein and low-protein diets (LPDs) requires a 
vast amount and variety of high-quality ingredients or the availability of plenty essential 
synthetic amino acids at an affordable price for producers. LPDs supplemented with 
synthetic amino acids allow for a reduction in protein ingredients, at a lower feed cost and 
an economic impact that benefits pig farmers (Wang et al., 2020). Over the last years, as a 
consequence of the boom in synthetic AA production, a window of possibilities has opened 
up for the ideal protein concept to be put into practice (Gloaguen et al., 2014; Peng et al., 
2016). The aim of this review was to determine the importance of diet formulation for 
starting-growing pigs under the concept of “Ideal Protein”.

Low-protein diets (LPDs)
 The reduction in crude protein (CP) in sorghum, corn, soymeal or canola-based diets —
associated with an adequate addition of synthetic amino acids (AA)— allows for a reduction 
in AA deficiency or excess in balanced feeds (ideal protein) (Wang et al., 2020), which may 
go hand in hand with a reduction in production costs, as well as in the excretion of fecal 
and urinary nitrogen to the environment (Seradj et al., 2018; Wu et al., 2018; Niyazov et al., 
2020). A reduction of 10 g kg1 of CP in diet may lower ammonia emissions in feces and 
urine by 8% to 10% (Wang et al., 2018). Low-protein diets may also reduce the characteristic 
odor of pig holdings. Odor emissions were reduced by 4.2% for every percentage point of 
CP lowered in the diet (Trabue et al., 2021), reaching up to 30% by lowering 3-4 percentage 
points of CP (Hayes et al., 2004; Leek et al., 2007).

Productive performance and diet formulation
 CP reduction in diets for starting and growing pigs results in a productive performance 
similar to standard diets and even improves on certain productive variables (greater 
weight gain and feed efficiency) (Gloaguen et al., 2014; He et al., 2016; Peng et al., 
2016; Figueroa et al., 2019; Wang et al., 2019). This is the result of a better balance 
between AA for protein synthesis and the fact that AA are not used as a source of energy. 
However, CP reduction in diet should be no higher than 3 percentage points when only 
synthetic lysine, methionine, threonine, and tryptophan are used, given its impact on 
productive performance (associated to a lower lean meat yield and a greater fatty tissue 
accumulation) (Zamora et al., 2011; Gloaguen et al., 2014; He et al., 2016). The negative 
response to low-CP diets may be caused by AA deficiency, given that CP reduction limits 
the concentration of some essential AA, as well as the amount of nitrogen needed for 
non-essential AA synthesis (Gloaguen et al., 2014).
 Although the recommendations of the NRC (2012) do not set a CP value, the sum 
of the values of each AA results in the approximate CP value. However, if only the four 
most common commercially-available synthetic AA (lysine, methionine, threonine, and 
tryptophan) can be included in the standard diet (NRC, 2012), the CP value provided by 
the formulation only allows for a reduction of approximately 1.5 percentage points of CP 
with regard to the NRC’s (1998) recommendations, if the remaining AA requirements are 
to be met.
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 In order to find alternatives to make up for AA deficiency with a CP reduction in diet, 
there is now a wider variety of synthetic AA available for research or practical application 
(lysine, methionine, threonine, tryptophan, valine, histidine, leucine, isoleucine, proline, 
phenylalanine, arginine, and glutamine); however, some of these AA are not readily available 
in the market or they are exceedingly expensive with regards to the expected financial gain 
(histidine, leucine, isoleucine, proline, phenylalanine, and glutamine). Through the use 
of the aforementioned synthetic AA, it is theoretically feasible to balance and drastically 
reduce protein content in diet (NRC, 2012). However, using nearly 10 synthetic AA in diet 
allows for a maximum reduction of 4-5 percentage points of CP (Gloaguen et al., 2014; 
Peng et al., 2016). A higher percentage leads to the growth and development of defective 
organs, associated with alterations in intestinal morphology and immune function (Peng et 
al., 2016), as well as a low availability of nitrogen for the synthesis of other AA (Gloaguen 
et al., 2014).
 The low productive performance observed with properly-balanced LPDs when a 
large amount of synthetic AA is added may be caused by an intact protein deficiency 
or an excess of free AA (Wang et al., 2018). The inclusion of protein-bound AA is more 
efficient in sustaining nitrogen retention and protein homeostasis in the whole body than 
free AA (Guay et al., 2006). Additionally, hydrolyzed dipeptide and tripeptide content 
from intact proteins correlates positively with digestive enzyme activity (Shimizu, 
2004). The fastest rate of free AA absorption may induce an excessive AA oxidization, 
contributing to a decline in the excretion of body proteins and defective growth (Yen et 
al., 2004).
 Another important aspect to be considered is that, under the concept of diet 
formulation for pigs at a minimum cost, it is economically more feasible to exceed the 
NRC’s recommendations (2012) of certain AA in diet than to attempt to reach the lowest 
(optimal) values (Dubeau et al., 2011), since basic ingredients (sorghum, corn, soy, and 
canola) have a high concentration of these AA. Therefore, when attempting to include 
a large amount of synthetic AA in diets, the fact that this leads to a reduction in base 
protein ingredients (Gloaguen et al., 2014; Peng et al., 2016; Figueroa et al., 2019) must be 
considered. Consequently, an economic assessment must be carried out to compare the 
substitution of one raw material for another.

Low Protein Diets and meat quality
 A CP reduction of less than two percentage points in pig diet does not affect the 
percentage of lean meat nor fat in the carcass (Zamora et al., 2011; Qin et al., 2015; 
Figueroa et al., 2019). There is also evidence that neither sex nor genetics impact the 
reduction of 2 percentage points of CP over meat percentage, meat yield in the carcass 
or backfat thickness (Molist et al., 2016). However, González et al. (2016) observed that 
a reduction of more than three percentage points of CP in pig diet lowered lean meat 
percentage while increasing fat in the carcass, possibly as a result of a greater availability 
of net energy for the accumulation of fatty tissue (Li et al., 2016). In a work carried out by 
Li et al. (2018), a reduction of more than three percentage points of CP increased the red 
color value (a*), intramuscular fat, monounsaturated fatty acid content, and AA content 
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related to meat f lavor, while lowering the content of polyunsaturated fatty acids and the 
cutting force of meat.

Gut health
 Diet manipulation regarding CP content has been suggested as part of a general strategy 
for the nutritional management of weaned pigs in order to improve gut health. The use 
of LPD minimizes the amount of undigested dietary protein that enters the large intestine 
and is subjected to bacterial fermentation; this is important because protein fermentation 
leads to the production of toxic metabolites and encourages the proliferation of pathogenic 
bacteria, causing enteric problems such as post-weaning diarrhea. LPD feeding interferes 
with enterotoxigenic E. coli adhesion to intestinal mucosa, thus minimizing its ability to 
cause disease (Nyachoti and Lee, 2020).
 A moderate restriction of dietary CP can modify the composition of intestinal microbiota 
(Zhou et al., 2016) and improve the function of the ileal barrier in adult pigs (Fan et al., 
2017). A low-protein diet is recommended over a diet with proteins exceeding nutritional 
needs. The highest levels and undigested protein lead to an increase in pathogenic 
microorganisms, increasing the associated risk of developing a metabolic disease (Zhao et 
al., 2019). With moderate CP restriction, pigs are able to adjust their absorption and intake 
of nutrients to sustain growth, whereas extremely low-protein diets suppress appetite, alter 
intestinal morphology, decrease lactobacilli and streptococci, and reduce energy intake in 
pigs (Yu et al., 2019).
 On the whole, adequate LPD management can reduce the incidence of post-weaning 
diarrhea, sustain gut health, and modify intestinal morphology and microbiota (Ren et 
al., 2015; Wang et al., 2018). The use of LPD reduces 2-3 percentage points of CP in diet 
through synthetic AA supplements for post-weaning pigs and, therefore, can be effective 
in reducing diarrhea, while improving fecal consistence (Lynegaard et al., 2021). In 
addition, moderate protein restriction (3 percentage points) can optimize the structure 
of ileal microbiota, strengthening beneficial microbial populations and suppressing the 
growth of harmful bacteria, as well as modifying the proliferation of epithelial cells (Chen 
et al., 2018).
 There is evidence that reducing CP levels in diet within a range no greater than three 
percentage points does not modify the integrity of intestinal morphology (Ren et al., 2015; 
Chen et al., 2018). However, a reduction greater than four percentage points results in 
reduced villi height in the duodenum and the jejunum, even when diets are complemented 
with isoleucine, valine, histidine, and phenylalanine (Fan et al., 2017).
 The reduction in villi height in LPD-fed pigs is probably related with a lower number 
of the proteins or AA that sustain the architecture of the intestinal epithelium (Wang et 
al., 2018). However, including nine synthetic AA in nursery piglet diets can reduce CP by 
five percentage points (from 20% to 15%) with no detrimental effect on immune response; 
nevertheless, a greater reduction (up to 14%) led to the growth and development of defective 
organs, associated with modifications of intestinal morphology and immune function 
(Peng et al., 2016).
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 The influence of CP levels in diet on intestinal microbiota has been more broadly 
studied in weaned piglets, because the bacterial composition of growing and finishing pigs 
remains relatively stable (Wang et al., 2018). A reduction of five percentage points of CP in 
recently weaned piglet diet lowered counts of Clostridium leptum (Pieper et al., 2012), while 
pigs fed with 14% CP displayed a lower count of Firmicutes and Clostridium cluster, than 
those feed with 20% CP, with a minimal impact on other bacterial populations (Luo et al., 
2015). For their part, Opapeju et al. (2015) report that a reduction of five percentage points 
of CP in diets for weaned pigs infected with Escherichia coli reduced its proliferation and 
fixation in intestinal mucosa.
 Diet formulation for pigs in starting and growing stages should take into consideration a 
reduction of three percentage points of CP through the use of the four essential amino acids 
(lysine, methionine, threonine, and tryptophan) which are readily available for purchase. 
When other essential or functional amino acids (arginine, valine, leucine, isoleucine, etc.) 
become readily available or accessible, they should be assessed for application in the 
formulation, in order to determine if it is economically or functionally feasible to include 
them in the diet. Although the use of some synthetic amino acids in diet has shown favorable 
results during experiments, their price and availability are neither feasible nor permissible 
within current market conditions. Therefore, a greater inclusion of synthetic amino 
acids will depend on their cost-benefit ratio, in the context of productive performance, 
sustainability, animal health, and well-being.

CONCLUSIONS
 The application of the ideal protein concept in starting and growing pigs —through the 
reduction of protein in diet and the inclusion of synthetic amino acids— improves parameters 
and productive efficiency, benefits pig health, and implements an environmentally friendly 
production. A reduction of three percentage points of CP is the maximum level attainable 
when only synthetic lysine, methionine, threonine, and tryptophan are available. However, 
when a wider variety of commercial amino acids is available, CP reduction may reach 4-5 
percentage points. Pigs fed on conventional diets are unable to synthesize enough amino 
acids for an optimal gut health and growth. Therefore, an increase in these amino acid 
levels —through supplements at certain productive stages or physiological stress states— 
may improve performance response and animal health.
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