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In recent years ( ca. 2002 to present), the amount of Crystalline Lysine and other amino acids that 
are used in diets for growing pigs has been increasing. This decline in Soybean meal (SBM) 
consistently reduces diet ( e.g. $1.20 - 1.90 per Pig marketed), while the amount of Nitrogen 
excretion is sharply reduced (Gaines et al. 2003). Extraordinary use of Crystalline amino acids 
in lieu of high levels of SBM during the period when Paylean® is fed also improves Carcass 
daily gain and Carcass FCR (Gaines et al. 2007). The benefits of SBM displacement by 
Crystalline amino acids assume relative good health during growth, but when pigs encounter 
certain inflammatory diseases (e.g. PRRS, Mycoplasma), the benefit is reversed (Johnston et al. 
2010). It is not even clear if the adverse effect of low SBM, under these conditions, is due to 
crude protein (CP) or to something other than CP that is in SBM. This paper illustrates that a 
high dietary SBM level is ameliorates the adverse effect of high Immune stress on Whole-body 
(WB) and Carcass ADG and FCR. Implications to feed cost of gain are profound. 

LOW PROTEIN DIETS AND GROWTH 

Published work proves that low protein diets can be used in pig diets without affecting growth 
performance, provided that the diets are supplemented with synthetic amino acids (Kerr et al., 
1995; Liu et al., 2000; Le Bellego et al. 2002). Supplementing synthetic amino acids to low 
protein diets allows one to more precisely meet the animal's amino acid requirements for growth 
and maintenance while avoiding amino acid excesses that occur with conventional diets. 
However, it is known that the extent to which Crystalline Lysine can be used after approximately 
130 lbs is progressively limited even though the essential amino acids are maintained at 
presumed required levels; pigs tend to over-eat and become fatter if CP is reduced more than 4 
percentage units (Tuitoek et al. 1998a,b; Kerr et al., 1995). It was later determined that this 
problem could not be corrected even with the provision of dispensable amino acids (3-4) equal to 
the mass of the dispensable amino acids lost in step-wise reduction of CP (Johnston et al. 1999). 
The latter was conducted to determine if complete restoration of both amino acid pools (IAA, 
DAA) could eliminate the negative effect of low CP diets on the expression of lean growth 
potential during later growth. Dispensable amino acids are only dispensable if enough amino 
Nitrogen is available for in vivo synthesis, and if there is adequate synthetic capacity in pig 
tissue. For this reason, the maximum amount of Crystalline Lysine that can be used has been 
determined for each phase of growth and published (PIC Nutrient Specifications, 2008). 

COMMERCIAL VALIDATION OF LOW PROTEIN DIETS - GROWING PIGS 

Two large Commercial tests were commissioned by Ajinimoto in order to verify whether low 
Protein diets would work in practice, provided that previously determined maximums for 
Crystalline Lysine, and the Ideal pattern for the most critical Essential amino acids were adhered 
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to. Trials were conducted in two Commercial settings (Hanor Farms, Chinn Farm) with growt 
performance and carcass characteristics evaluated using barn or room as the experimental un 
The impact by gender was also determined and a total of 31,000 pigs were used. There was 
difference for WB ADG, WB FCR and Plant Calculated Lean percentage for pigs fed Test d 
compared to those fed the more conservative Control diets. Pigs in each Commerc 
environment were 'Healthy', based on low Mortality and Morbidity (antibiotic injection or wa 
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treatment) outcomes. 

This Commercial test verified the work that was conducted years earlier under laborat 
conditions; that low protein, amino acid supplemented diets yield similar results in terms 
Growth and Carcass during Finish phases when compared to the traditional Com-SBM diet w 
3.0 lbs of crystalline per ton. Utilizing high levels of Crystalline Lysine for Com - SBM d1 
required only Threonine and Methionine; the latter being required for early diets. Threonine w 
required for each phase because the ideal pattern for Threonine increased slightly with growt 
Tryptophan was not required unless the percentage of Corn was greatly increased by extens 
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Com by-product (DDGS) use. 
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The advantage of high Crystalline Lysine use was later proven to be especially important wh 
Paylean was used in the final diet phase (Gaines et al., 2006). Paylean use requires an incre 
in dietary Lysine (0.85 to 0.96% SID Lysine) and amino acids in order to be effective 
promoting growth, but this requires SBM to increase to levels that is typical for a 100 lb p 
Use of 6.0-8.5 lbs of Crystalline Lysine per ton of diet caused a significant increase in Care 
weight despite not changing WB weight (Table 1 ). This suggests that a high level of SB 
compromised Carcass Yield or the proportion of WB weight that is Carcass. This was 
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important find for Agriculture. 

Table 1. Impact of SBM Level on Whole-body and Carcass Growth in Pigs fed Paylean1 

Variable O PLN Low SBM High SBM SEM Lo vs H i 

No. Pens 12 18 18 

No. Pigs 110 166 166 
Initial wt., kg 104.8 104.7 104.6 1.3 NS 
End wt., kg 134.1 137.0 136.8 0.7 NS 

WB ADG, kg/d 1.082 1.182 1.179 0.026 NS 
WB Gain: Feed 0.382 0.410 0.409 0.002 NS 
Carcass Yield, % 74.9 75.8 75.4 0.15 0.31 

Carcass ADG, kg/d 0.803 0.927 0.906 0.016 0.15 

Carcass Gain : Feed 0.285 0.322 0.315 0.002 0.08 
1 From Johnston et al. 2006. 
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IS SOYBEAN MEAL LEVEL IMPORTANT TO GROWTH UNDER HIGH IMMUNE 
STRESS? 

The conclusion that high Crystalline Lysine levels could produce an equivalent Whole-body 
growth response but that Carcass growth was improved, when compared to a high SBM diet, is 
sound for conditions of low Immune stress (Gaines et al., 2007). However, we learned that a 
relatively high SBM level has beneficial to both WB and Carcass growth when Inflammatory 
disease strikes. High SBM level reduced the negative effect of Inflammatory disease on WB and 
Carcass ADG and FCR (Johnston et al., 2010). 

The beneficial effect of SBM to growth under Inflammatory challenge was discovered by 
accident when pigs were unexpectedly infected with diseases that cause systemic inflammation. 
An apparent experimental disaster resulted in a fortuitous outcome with extraordinary financial 
implications. The original objective was to re-verify the TID Lysine requirement for pigs fed 
Paylean diets using Carcass ADG and Carcass FCR as the main criteria. We also wanted to 
verify that a Lo-SBM, high Crystalline amino acid regimen favored Carcass ADG and FCR. 
Increases in Lysine level, were achieved largely through an increase in Crystalline amino acids 
or SBM. Thus, two diet sets were formulated, each having Paylean ( 4.5 g/ton). Diets were fed 
for 21 days. 

The trial involved a total of 420 TR-4 x Camborough castrates (216.7 ± 8.3 lbs). They were 
allotted within weight blocks to one of eight dietary treatments. There were 48 pens with 8-10 
pigs per pen and 6 pens per treatment. TID Lysine levels were 0.65, 0.75, 0.85, and 0.95%, each 
having Paylean at 4.5 g/ton (Table 2). Four diets were prepared (0.65 and 0.95 each with high or 
low SBM) with the remaining four diets created through Summit blend at the farm. Nutrient 
composition was chemically verified. 

Trial results were contrary to our previous work, but there is a plausible explanation. Pigs 
exhibited health problems prior to and during the test, whereas pigs were healthy in previous 
tests. Mortality and morbidity (resulting in removal) averaged 12.7%, which was 6-fold higher 
for the 16 week Finish period. Diagnostic results showed that the pigs were PRRS and PCV AD 
positive with tissue lesions for PCV AD; Strep Suis was also isolated. The inflammatory nature 
of these viruses have been proven by the presence of circulating pro-inflammatory cytokines (Dr. 
M. Mellencamp, p.c. per J. Vet. Med. B. Infectious Dis. Vet. Health, 2006). Soybeans are known 
to have isoflavones, and these are anti-inflammatory in nature (Leiner, 2000; Cromwell, 2000). 

Under conditions of relative good health, diets formulated to meet the Lysine requirement using 
high SBM or high Crystalline Lysine perform equally for WB growth, but diets having low SBM 
have improve Carcass growth (i.e. greater proportion of WB weight as Carcass). In this 
fortuitous trial, both WB and Carcass growth were improved by diets with high SBM content. 
The performance optimum was achieved at 0.95% TID Lysine for the high SBM regimen (Table 
3). The Main effect of SBM level is shown in Table 3 but Figures 1 and 2 show the SBM Level 
x TID Lysine effect (P>0.10) for WB and Carcass criteria. Both WB and Carcass criteria 
responded to elevated SBM under disease challenge. 
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Our confidence in this outcome was improved by a report of similar results that were also 
achieved under conditions of high Immune stress (Mycoplasma); using a similar experimental 
protocol (G. Gourley, p.c.). Thus, it seemed that our studies had been ruined by disease, but this 
proved to be fortuitous and an important principle for diet formulation in practice was exposed. 
This may be one reason for field reports that the use of high levels of Crystalline amino acids (Lo 
Protein diets) does not always perform to expectation. 

Table 2. Composition of Experimental Diets for Summit Blending 

Variable LowSBM LowSBM High SBM High SBM 

Ingredients, % 0.65 Lysine 0.95 Lysine 0.65 Lysine 0.95 Lysine 

Com 76.32 73.77 74.10 61.93 
Soy bean meal, 47.5 13.65 20.28 18.71 , 31.85 

Fat, CWG 2.04 3.09 2.87 4.01 

Com Gluten meal 5.43 0.00 1.95 0.00 

Monocalcium Phos. 1.07 1.05 1.05 0.98 

Limestone 0.84 0.79 0.80 0.71 

Salt 0.40 0.40 0.40 0.40 

L-Lysine.HCl 0.13 0.35 0.00 0.00 

L-Threonine 0.00 0.15 0.00 0.00 

Vitamin Trace Min. 0.10 0.10 0.10 0.10 

Paylean 0.03 0.03 0.03 0.03 

Total,% 100.00 100.00 100.00 100.00 

Calculated Analysis 
NRC ME, Kcal/kg 3377 3407 3401 3456 

Modified ME, Kcal/kg 3335 3340 3340 3350 

Crude Protein, % 16 16.01 16 20.08 

Total Lysine, % 0.74 1.05 0.75 1.08 

TID Lysine, % 0.65 0.95 0.65 0.95 

TID M+C: Lysine 0.58 0.61 0.58 0.61 

TID THR: Lysine 0.68 0.68 Q.68 0.68 

TID TRP: Lysine 0.165 0.165 0.165 0.165 

Calcium,% 0.6 0.6 0.6 0.6 

Avail. Phos, % 0.28 0.28 0.28 0.28 
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Table 3. Main Effect of Soybean Meal Level on Whole-body (WB) and Carcass Growth 

Variables* HighSBM LowSBM SEM 

No. Pens 24 24 -

No. Pigs 218 219 -

Growth Performance 
Initial Wt, kg 98.4 98.2 0.7 

End Wt, kg 119.0 117.2 0.6 

WBADG,g/d 989 902 27 

WB ADFI, g/d 2.667 2.621 41 

WB FCR, G/F 0.365 0.337 0.009 

Carcass Performance 
Carcass Weight, kg 89.0 87.3 0.6 

Carcass Yield, % 74.7 74.6 0.5 

Carcass Gain, kg 14.2 12.7 0.6 

Carcass ADG, kg/ d 0.676 0.608 0.027 

Carcass Gain : Feed 0.240 0.215 0.011 

Whole-body Growth: SBM x Lysine Level 
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Figure 1. Impact of SBM x Lysine Level on Feed Conversion 
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Carcass Growth Rate: SBM x Lysine Level 

Lysine Linear, P<9.096 
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Figure 2. Impact of SBM x Lysine Level on Carcass Growth Rate 

DOES SBM OR PROTEIN LEVEL MODULATE THE ADVERSE EFFECTS OF 
IMMUNE STRESS ? 

Inflammatory disease has a profound influence on ADG, FCR and feed cost. We estimate that 
this imposes a cost of $1.50 - 3.50 per pig, depending on Feed Ingredient (2006 - 2010). It is 
not clear whether the beneficial effect is a component of SBM per se or whether this is a Protein 
phenomenon. Our tentative conclusion is that SBM reduces the negative effect of inflammatory 
disease on WB and Carcass growth since SBM and CP level were confounded. The effect of 
Crude Protein as compared to SBM level is difficult to test because of the unpredictable nature of 
naturally occurring inflammatory disease. An Inflammatory challenge could be created thru 
Vaccine disruption (Mycoplasma, PCV AD). 

Elevated CP would provide increased levels of amino acids that appear to be beneficial to 
Immune tissue under challenge (Phe, Trp, Arg) (Reeds et al., 1994)~ It is also known that SBM 
contains anti-Inflammatory components - Isoflavones, and that these have proven beneficial 
based on human literature. Their ability to modulate Inflammation and improve ADG and FCR 
was shown previously by Greiner et al. 2001. The mechanism may involve a combination of 
certain amino acids and anti-inflammatory components. We are attempting to determine the 
relative importance of SBM as compared to Protein when pigs are challenged by inflammatory 
disease. If this phenomenon is a SBM effect then the next challenge is to determine the 
minimum level required, but since disease occurrence is unpredictable, we must elicit disease 
through vaccine modification or deficit. 
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PRACTICAL APPLICATION 

The challenge is to implement diets that minimize formula cost by maximizing Crystalline amino 
acids when pigs are healthy, but restricting their use (increase SBM, CP content) when pigs tend 
to be unhealthy. We enlarged our diet Library for the Finish phase (50 to 290 lbs) to include 
diets having previously traditional Crystalline Lysine levels (1-3 lbs/ton), and until we learn 
otherwise, restricted levels of DOGS (10% maximum) to favor SBM level. The order of diets is 
determined for each pig flow, according to whether pigs are being challenged with Inflammatory 
disease (Flu, Mycoplasma, Hemophilus parasuis ). The attempt is made to implement slightly 
ahead of expected challenge and once implemented, the diet strategy continues until the pigs are 
marketed. An initial comparison between diet Strategies in side x side groups ( within room 
comparison) shows improved FCR where SBM level was elevated under disease challenge 
(Boyd and Gourley, unpublished results). 

TAKE HOME MESSAGES 

Extensive Crystalline amino acid use is an important means of reducing diet cost and the 
resulting reduction in SBM results in a diet cost saving per pig of $1.20 - 1.90 per 270 lb pig 
(range from 2006 - 2009). The reduction in SBM was found to increase Carcass ADG (and 
FCR) even though Whole-body gain was not changed. These results are for situations of relative 
good health. The utility of high Crystalline amino acid use to reduce Crude Protein and SBM is 
limited to good Health. This paper shows for the first time that Inflammatory challenges from 
diseases such as PRRS, PCV AD and Mycoplasma (and presumably Flu) require high SBM 
levels (or low Crystalline Lysine) in order to minimize the substantial loss in Whole-body and 
Carcass ADG and especially FCR. This important find shows that the extensive use of 
Crystalline amino acids presupposes relative good health. It is possible that the SBM modulating 
effect of disease on growth and feed cost is due to elevated protein but it is also possible that it is 
due to other SBM components such as Isoflavones. This is yet to be determined. 
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