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ABSTRACT: A holistic approach was applied in the determination of Trp:Lys ratio in 10 to 20 

kg pigs. The objective of the first experiment was to determine the standardized ileal digestible 

(SID) AA of specific allocations of ingredients identified to be low in Trp:Lys ratio. Results 

indicated that the SID of AA in CGM was similar to the SID of AA in SBM. The SID of AA in 

field peas was similar to that of corn, however each were somewhat lower (P < 0.05) than the 

SID of AA in SBM and CGM. Possibly because of overheating, the SID of AA in HP DDG was 

lower (P < 0.05) than the other ingredients, especially in Lys. The objective of the second set of 

experiments was to obtain Lys and Trp requirements of 10 to 20 kg pigs fed either a corn-CGM-

field peas or a corn-HP DDG diet to aid in the development of the basal diet for subsequent 

experiments. Three experiments were conducted, first, determining the Lys requirement in a 

corn-SBM diet, second, comparing the growth performance of pigs fed various diet types, and 

third, determination of Lys and Trp requirement in corn-CGM-field pea diets. In Exp. 1, SID Lys 

requirement estimates of 1.18 and 1.29%, respectively were obtained. In Exp. 2, five dietary 

treatments were developed to contain a corn-SBM diet, a corn-CGM-field peas diet with 2 levels 

of SID Lys (1.20 and 1.35%), and a corn-HPDDG diet 2 levels of SID Lys (1.20 and 1.35%). 

The pigs fed the corn-SBM diet resulted in higher (P < 0.05) growth performance than pigs fed 

any of the corn-CGM-field pea or the corn-HP DDG diets. Pigs fed the corn-CGM-field pea diet 

and corn-HP DDG diet formulated to 1.35% SID Lys had greater (P < 0.05) growth performance 

than pigs fed similar diets formulated to 1.20%. In Exp. 3, Trp and Lys requirements were 

determined to be 0.21% and 1.21%, respectively, using the average of the intercepts of broken 

line and quadratic analyses of ADG, G:F, and PUN. The objective of the third set of experiments 

was to confirm the formulated basal to be used in the determination of Trp:Lys ratio was limiting 

Lys and Trp. Using PUN as the response criteria, the basal diets were found to be limiting in 
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both Lys and Trp. The objective of the fourth set of experiments was to determine the SID 

Trp:Lys ratio in 10 to 20 kg pigs using a corn-CGM field pea diet (Exp. 1) or a corn-HP DDG 

diet (Exp. 2). Diets were formulated to contain increasing levels of SID Trp:Lys from 11.7 to 

23.5% using 6 diets. The Trp:Lys ratio was determined to be 18.2% using the average of the 

broken line analyses for both basal diets. 

Key words: amino acid, lysine, pigs, ratio, tryptophan  
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CHAPTER 1  

INTRODUCTION 

With recent advances in the breadth of knowledge in usage of ethanol co-products, more 

pork producers have adopted these ingredients in the diets fed to pigs. The increased use of corn 

protein in diets fed to pigs often results in formulation of diets that are deficient in Lys and 

contain marginal or sub-marginal concentrations of Trp. Deficiencies of Lys are easily corrected 

by the inclusion of crystalline Lys in the diet. Likewise, deficiencies of Trp can be corrected by 

inclusion of crystalline Trp in the diet. However, at this point, it is not known exactly how much 

Trp is needed in diets fed to pigs. Because of the very high costs of crystalline Trp, an exact 

assessment of the Trp requirement is needed.  

The most efficient way to formulate swine rations for the requirement of Trp is by using 

the Trp:Lys ratio. Since corn and corn co-products are limiting or are near limiting in Trp, further 

work is needed to precisely measure the ratio of Trp:Lys. It is accepted that requirements for 

indispensable AA can be expressed as ratios relative to Lys in the diet, but there is no consensus 

about the correct Trp to Lys ratio. NRC (1998) suggests a Trp to Lys ratio of 18:100 in diets fed 

to 10 to 20 kg pigs (SID basis), but Baker (1997) suggests a ratio of 17:100.  In studies 

conducted during the last decade, ratios of 15.0:100 (Ma et al., 2010) and 19.9:100 (Htoo et al., 

2010) have been published. It has been suggested that the optimum Trp:Lys ratio may vary 

depending on the ingredients used in the diets, but this hypothesis has not been verified. 

The differences among the Trp:Lys ratio estimates have big economic impacts, because 

diets become much more expensive if the ratio is increased. This is particular is true if corn 

protein such as corn gluten meal (CGM), distillers dried grains with solubles, or high protein 

distillers dried grains (HP DDG) is included in the diet because corn protein has a low 
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concentration of Trp. It is likely that some of the differences in the Trp:Lys ratios among 

experiments are caused by using diets that were formulated under incorrect assumptions of AA 

digestibilities of the ingredients in the diets. It is also possible that some of the studies used diets 

that were not limiting in Lys. If such diets are used, an underestimation of Trp:Lys ratio will 

result.  

To correct for these variances, the objective of the current research was to measure the 

Trp to Lys ratio in 10 to 20 kg pigs that results in the best ADG, G:F, and PUN. The work will 

be conducted using 2 different types of diets (i.e., a corn-HP DDG diet and a corn-field pea-

CGM diet) to verify that there is no effect of ingredient composition on the Trp:Lys ratio if diets 

are formulated based on measured concentrations of SID AA in the ingredients.  
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CHAPTER 2  

A NOVEL PHILOSOPHY IN THE ESTIMATION OF TRYPTOPHAN:LYSINE RATIO 

IN 10-20 KG PIGS: REVIEW OF LITERATURE 

  

Amino acids are required by pigs for use for maintenance, protein accretion, and milk 

protein synthesis. The profile of AA in feed ingredients used in the United States varies greatly 

among sources. Swine diets are formulated using a mixture of energy and AA sources with 

cereal grains added to swine diets for energy and oilseed meals added as sources of AA. In 

reality, cereal grains and oilseed meals contain a mixture of energy, AA, vitamins, and minerals. 

Recently, use of co-products from the ethanol industry has increased. The co-products of the dry 

milling process typically are used both as a source of energy and as an AA source, whereas the 

co-products of the wet-milling process mainly are used as protein sources in swine diets. As the 

ethanol industry has evolved, the co-products have decreased in oil content and increased in AA 

content on a percentage basis.  

Corn, sorghum, and corn co-products are low in Lys and Trp compared with the 

requirement of 10 to 20 kg pigs (Tables 2.1 and 2.2). With the use of more corn-based protein, 

diets that are low in Lys and Trp are, therefore, formulated. The low concentration of Lys can 

easily be corrected by the use of crystalline Lys, which is relatively inexpensive. However, 

crystalline Trp is very expensive and adds significant costs to the diets. It is, therefore, 

imperative that the correct requirement for Trp be established.   
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IDEAL PROTEIN 

The concept of the ideal protein was developed at the University of Illinois in the late 

1950’s (Baker, 1997) when Mitchell and Scott unsuccessfully attempted to develop an AA 

mixture that met the chick’s requirement for growth and maintenance. Dean and Scott (1965) 

discovered that an ideal protein needs to contain not only the requirement for the dietary 

essential AA, but also the nonspecific AA or N required for production of the dietary 

nonessential AA.  The addition of Gly could be used to fulfill the requirement of nonspecific N 

(Greene et al., 1960).  

The maximum rate of production by an animal is determined by the most limiting AA. 

The most limiting AA is the AA included in the least amount in the diet relative to the pig’s 

requirement (Lewis, 2001). All other AA included in the diet at concentrations that exceed the 

concentration of the most limiting AA relative to the requirement will be catabolized and the N 

will be excreted as urea, whereas the carbon skeleton will be used for energy. Amino acids 

included in the diet above the pig’s requirement will also be catabolized and the N will be 

excreted. As a consequence, the balance of AA is important in controlling the amount of N 

excreted and the growth rate of pigs. In theory, an ideal protein will supply the indispensable AA 

in quantities that meet the requirement of the pig, and sufficient N to synthesize all dispensable 

AA without any excesses or deficiencies. 

Research to develop an ideal protein for pigs was conducted by Wang and Fuller (1989), 

Wang and Fuller (1990), and Chung and Baker (1992) and these experiments resulted in NRC 

(1998) publishing recommendations on ideal AA ratios for maintenance, protein accretion, and 

milk protein synthesis.   
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In typical U. S. swine diets, Lys is the first limiting AA, and more is known about the Lys 

requirement for a given population of pigs than about any of the other AA. Dietary Lys is almost 

exclusively used for protein accretion (Baker, 1997), with only little Lys used for the synthesis of 

other compounds. Lysine is, therefore, used as the reference AA in the ideal protein and the 

requirement for other AA are expressed relative to the requirement for Lys. 

Benefits of using a feed formulation system based on an ideal AA ratio include ease of 

feed formulation, the need to only determine the Lys requirement for a group of animals, and the 

fact that the same ratio among AA can be applied to many different lines of pigs regardless of the 

genetic potential for protein accretion (Baker, 1997).  

Some pitfalls of using the ideal protein system exist. First, correct estimates of Lys 

requirements are essential to ensure that the requirements for all other AA are correct. If the Lys 

requirement is underestimated, the requirement of all other indispensable AA will also be 

underestimated. Overestimation of the requirement for Lys will cause increased diet cost with no 

added benefit. Correct ratios between each AA and Lys must also be determined. When AA 

ratios are underestimated, pigs will not receive their daily requirement, which will result in 

reduced growth. Overestimated ratios between AA and Lys will increase diet costs with no 

improvement in performance.  

Another important consideration in determining AA ratios is the response criterion used 

in the determination. Response criteria commonly used in determination of AA requirements and 

AA ratios include maximum weight gain and feed efficiency, and minimal plasma urea nitrogen 

(PUN). In growing animals, protein accretion is an important part of total weight gain, and one 

of the primary uses of the AA requirement. Increasing growth rate demonstrates an improvement 

in AA status.  Feed efficiency is also an important indicator as greater feed efficiency indicates 
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improved AA status. Optimal growth and optimal feed efficiency may not always be achieved at 

the same AA ratios because the most efficient use of AA may not always be for maximum 

growth. Plasma urea nitrogen is also a good indicator of metabolic AA excretion. When AA are 

imbalanced, excess AA are catabolized, which leads to increased PUN and increased excretion 

of urea. Lower levels of PUN indicate maximum AA utilization (Coma et al., 1995).  

Another pitfall in conducting research to estimate optimum AA:Lys ratios is the inherent 

difference among feed ingredients. One such difference is feed intake, which can influence AA 

ratios. Feed intake should be maximum or near-maximum to ensure accurate AA ratio 

measurements. One aspect of feed intake related to specific ingredients is palatability. An 

unpalatable feed ingredient can decrease feed intake, which will decrease growth, not by an 

inadequate AA ratio, but by inadequate nutrient intake. If this treatment is compared to another 

treatment that is adequately consumed, improper conclusions may be derived (Mitchell, 1927).  

Differences in digestibility among ingredients may also lead to improper conclusions if 

not taken into account. To increase the accuracy of determined AA ratios, the standardized ileal 

digestibility (SID) of AA should be used to determine the correct ratio (Boisen, 2003). 

Additionally, because diets are typically formulated on a SID AA basis, the AA ratio should also 

be expressed on a SID AA basis. If the SID AA in a feed ingredient is underestimated, the AA 

ratio will also be underestimated, but, if the SID of AA in a feed ingredient is overestimated, the 

AA ratio will also be overestimated. In heated feed ingredients, AA absorption may not be 

accounted for by determining digestibility, because if Maillard reactions have occurred, Lys may 

be digestible, but may not be absorbed as biologically available, which may result in artificially 

low AA values (Gabert et al., 2001). It is, therefore, necessary that correct values for the SID of 

AA in feed ingredients are used when diets are formulated for determination of AA ratios.  
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As pigs grow, relatively more of the dietary AA are used for maintenance and relatively 

less is used for protein accretion. The relative requirements for maintenance for most AA are 

greater than for growth (Baker, 1997; NRC, 1998) because the requirement for Lys for 

maintenance is relatively low. Therefore, for most AA, the AA:Lys ratio increases as BW 

increases.  

The ratio of essential AA (EAA) to nonessential AA (NEAA) is also an important 

consideration in ideal protein experiments. The addition of NEAA to a diet that is low in NEAA 

improves performance (Stucki and Harper, 1961, 1962; Young and Zamora, 1968), however, too 

great of a ratio results in reduced performance. In 30 to 60 kg pigs the EAA:NEAA can be 

increased to 62:38 without affecting the utilization of N (Lenis et al., 1999). Total N of the diet 

affects the response with greater levels of dietary N negating the response to low EAA:NEAA. In 

pigs, a wide tolerance to EAA:NEAA exists with a minimum of 50:50 and a maximum of 70:30 

(Lewis, 2001). 

High levels of synthetic AA can be used when determining ideal ratios among AA. Some 

synthetic AA are stabilized by HCl.  With increased usage of synthetic AA, another 

consideration is the acid-base balance of the complete diet. A threshold seems to exist with acid-

base balance, and the electrolyte balance (Na + K – Cl) will decrease growth performance at 

levels below equilibrium (Patience et al., 1987). The AA digestibility of AA also improves with 

increasing electrolyte balance (Haydon and West, 1990). 

The most common analyses to obtain an estimate for AA:Lys ratios are break point, 

quadratic, and the combination of the break point and quadratic methods. Break point analysis 

determines the ratio or requirement of a nutrient at the point at which a plateau line and a 

response line intersect. The broken line method objectively sets the ratio/requirement, however, 
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may underestimate the ratio/requirement if the data are not linear (Robbins et al., 2006). 

Additionally, the broken line analysis selects a ratio/requirement for the average animal within 

the population (Baker, 1986). The quadratic method fits a quadratic line to the model and the 

ratio/requirement estimate is where the fitted line plateaus (Robbins et al., 2006). This method 

may overestimate the ratio/requirement, as the plateau of the quadratic is the requirement for all 

animals in the population (Baker, 1986). Because, in practice it is inefficient to formulate diets to 

the maxima of all animals in a population, researchers often take a percentage, typically 90-95%, 

of the maximal quadratic plateau (Baker, 1986). This method is subjective, as each individual 

researcher can choose which percentage to use. An objective method was developed in which the 

broken line and quadratic analyses are superimposed, and the requirement is determined as the 

point at which the 2 analyses intersect (Baker et al., 2002; Parr et al., 2003).    

 

TRYPTOPHAN METABOLISM 

Like other AA, Trp is incorporated into body protein and has an amino group and a 

carboxyl group. Tryptophan is classified as an aromatic AA, because of the attached aromatic 

rings (Figure 2.1). Tryptophan can be metabolized via 2 pathways, the kynurenine pathway and 

the indoleamine pathway (Figure 2.2). The kynurenine pathway primarily produces NAD
+
 and 

NADP
+
. The initial step in the kynurenine pathway breaks the 5-member ring of tryptophan and 

is catalyzed by either tryptophan 2,3–dioxygenase in the liver or indoleamine 2,3 dioxygenase in 

all tissues (Salway, 2004). Several steps later, 2-amino-3-carboxymuconate semialdehyde is 

formed. This semialdehyde can be decarboxylated and excreted in the urine, can form α-

ketoadipate and be used for ATP synthesis, or the semialdehyde can form quinolinate and form 
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NAD
+ 

(Salway, 2004). The ability of Trp to form NAD
+
 can, therefore, partially spare the need 

for dietary niacin.  

The indoleamine pathway begins with the formation of 5-hydroxytryptophan, catalyzed 

by tryptophan hydroxylase, which is active in extrahepatic tissue (Salway, 2004). The main 

product formed from this pathway is serotonin, which is formed from 5-hydroxytryptophan by a 

decarboxylase (Salway, 2004). Serotonin can be N-acetylated to form N-acetyl-5-

hydroxytryptamine using arylalkylamine N-acetyltransferase. Melatonin can then be formed 

from N-acetyl-5-hydroxytryptamine with methylation by hydroxyindole-O-methyltransferase. 

 

THE TRYPTOPHAN TO LYSINE RATIO 

A correct AA to Lys ratio is determined by titrating the AA in diets that are deficient in 

Lys and the AA in question (Van Cauwenberghe and Relandeau, 2000). Growth performance, 

feed efficiency, or PUN can be regressed, and a breakpoint determined. This breakpoint is the 

level at which the AA in question is no longer limiting (Robbins et al., 1979).  

The recommendation from the Agriculture Research Council (1981) for Trp:Lys is 15%, 

which is near the whole body Trp:Lys ratio of 12%. Experiments conducted at the University of 

Illinois yielded an optimum total Trp:Lys ratio of 18% in 10 kg pigs (Chung and Baker, 1992). 

Recent studies at the University of Kentucky were conducted to determine the Trp:Lys ratio in 

26 kg pigs. Using corn soybean meal based diets and with ADG, ADFI, and PUN as response 

criteria, the estimated Trp:Lys ratio was determined at 15.61% (Quant et al., 2007). A 

subsequent experiment was conducted using barley-field pea-corn diets. With ADG and PUN as 

the response criteria, the optimal Trp:Lys ratio was determined at 15.64% (Quant et al., 2008). 

These data indicated that the optimum Trp:Lys ratio is not influenced by diet composition.     
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Recent experiments to estimate the SID Trp:Lys ratio at the University of MO resulted in 

Trp:Lys ratios between 14.0 and 14.5% for 88.5 to 123.4 kg pigs fed corn-soybean meal diets 

(Kendall et al., 2007). These diets were corn-soybean meal based, formulated to 0.55% SID Lys, 

and utilized 7 levels of Trp. The response criteria of ADG and G:F were analyzed using broken 

line methodology. Estimates from Fent et al. (2002) resulted in a Trp:Lys ratio of 15.8% in 6.3 to 

23.1 kg pigs. The diets were split between 2 phases (6.3-12.7 kg and 12.7-22.7 kg), and 

subsequently had 2 levels of SID Lys (1.30 and 1.20%, respectively). Compositions of the 5 diets 

were based on common nursery pig feed ingredients with added gelatin and cornstarch to lower 

the Trp level in the diet. The criteria used to determine the Trp:Lys ratio was ADG, ADFI, and 

G:F. In addition, Fent et al. (2005) also conducted 2 experiments in which Trp requirement was 

estimated in pigs starting 13.4 and 14.8 kg. A total of 5 experimental diets were utilized in each 

experiment containing high levels of L-Lys HCl (0.7%). Using ADG and G:F as response 

criteria, results indicated that the SID Trp requirement is not greater than 0.165%. This estimate 

would equate to a Trp:Lys ratio of 16.3% if using the NRC (1998) requirement for Lys. An 

experiment to estimate the SID Trp:Lys ratio in 11 to 22 kg pigs in diets containing 30% DDGS 

was conducted utilizing 5 levels of Trp (Ma et al., 2010). Diets were formulated to 1.20% SID 

Lys. If ADG was used as response criteria, a ratio of 15.1% SID Trp:Lys was obtained, and if 

G:F was the response criteria, a ratio of 14.9% was determined by broken line analysis. 

Additionally, 3 experiments were conducted to determine the SID Trp:Lys ratio in grow-finish 

pigs using diets containing 30% DDGS (Hinson et al., 2010). Five levels of SID Trp:Lys were 

used. Broken line and quadratic analyses estimated a minimum SID Trp:Lys ratio of 16.0% using 

ADG as the response criteria. 



12 

 

Data from Louisiana State University (Guzik et al., 2002) estimating the SID Trp 

requirement for 5.2 to 15.7 kg pigs split into 3 feeding phases (5.2 to 7.3 kg, 6.3 to 10.2 kg, and 

10.3 to 17.3 kg). A total of 6 diets were used in each phase and diets contained corn, field peas, 

fish meal, and corn gluten meal and were formulated to 1.35, 1.19, and 1.01% SID Lys for 

phases 1, 2, and 3, respectively. The results, using ADG, ADFI, G:F, and PUN as response 

criteria, indicated that the break point SID Trp requirement is 0.21, 0.20, and 0.18 in phases 1, 2, 

and 3, respectively. These requirements equate to SID Trp:Lys ratios of 17.6, 16.8, and 17.8% 

using NRC (1998) SID Lys requirements. Results of an additional experiment conducted with 

nursery pigs by Guzik et al. (2005a) in which wheat and barley based diets were used suggested 

that the SID Trp:Lys is 19.5% or greater when Thr is adequate. This experiment was conducted 

using 7.1 to 15.6 kg pigs fed diets containing corn, barley, field peas, wheat, corn gluten meal, 

and fish meal. The response criteria used were ADG, ADFI, and G:F, and data were analyzed 

using orthogonal contrasts to determine linear and quadratic effects. The SID Trp requirement 

was also estimated in grow-finish barrows using corn-soybean meal-field pea diets (Guzik et al., 

2005b).  Estimates were obtained by using ADG, G:F, and PUN subjected to broken line 

analysis. Based on PUN, the optimal SID Trp requirement was 0.167% in 30.9 kg pigs, 0.134% 

in 51.3 kg pigs, and 0.096% in 69.4 kg pigs. These results equate to SID Trp:Lys ratios of 20.1, 

21.3, and 14.5% using NRC (1998) requirements for the appropriate weight ranges. 

Experiments conducted in Europe have tended to yield estimates for the Trp:Lys ratio 

that are greater than those obtained in the U.S. Eder et al. (2003) conducted SID Trp requirement 

experiments in 25-50, 50-80, and 80-115 kg gilts using corn, barley, pea, corn gluten meal, and 

cassava diets. Utilizing 5 levels of SID Trp in each weight range, the authors were able to 

determine that the SID Trp requirement to be 0.20% in 25-50 kg gilts, 0.17% in 50-80 kg gilts, 
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and 0.12% in 80-115 kg gilts. These estimates were based on 95% of the maximal exponential 

analysis of ADG and N retention. The equated SID Trp:Lys ratios are 30.3, 32.9, and 23.5 using 

NRC (1998) SID Lys requirements. The effect of diet composition on SID Trp requirement of 9 

to 24 kg pigs was determined in corn-soybean meal and wheat-barley-soybean meal-peas-whey 

powder diets (Jansman et al., 2010). Using 3 levels of SID Trp, the requirement of SID Trp was 

estimated at 0.22% using an exponential analysis of the ADFI and ADG data. This equates to a 

SID Trp:Lys ratio of 21.8% using the NRC (1998) requirement for SID Lys. In a series of 3 

experiments, Trp:Lys ratio was tested above 17.0% using wheat-barley based diets, that were fed 

to 8 to 14 kg pigs (Susenbeth and Lucanus, 2005). Ideal SID Trp:Lys ratios of 17.0 to 18.0% 

using ADFI and ADG were obtained. In finishing pigs, diets comprised of corn, soybean meal, 

and 10% animal byproducts were used to determine the optimal SID Trp:Lys ratio (de Lima et 

al., 2004). No differences in ADG, ADFI, or G:F were observed when diets that had Trp:Lys 

ratios between 16 and 20% were fed to 76-97 kg pigs, indicating that the Trp:Lys ratio required 

to maximize ADG and G:F in those pigs was less than 16%. An experiment conducted to 

determine the Trp:Lys ratio in wheat-barley and corn-soybean meal based diets was conducted in 

15 to 35 kg pigs (Htoo et al., 2010). Diets were formulated to be marginally limiting in SID Lys 

(1.05%). The SID Trp:Lys ratio was determined to be between 15.9 and 19.7% in wheat-barley 

based diets using break point and 95% of the optimal exponential analyses on ADG data, 

respectively. In corn-soybean meal diets the SID Trp:Lys ratio was between 17.8 and 20.9% 

using break point and 95% of the optimal exponential analyses on ADG data, respectively.  
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AMINO ACID RATIOS IN OTHER SPECIES 

Amino acid requirements have been determined in other species as well. With this 

information, AA ratios can be estimated for the mouse, rat, fish, dog, cat, and poultry (Table 

2.3). In many cases, the ratios are similar among species. The Thr:Lys ratio is close to 70% in 

pigs, chicks, dogs, and rats (Baker and Czarnecki-Maulden, 1991; Baker, 1997). Cat and mouse 

Thr:Lys ratios were greater than for other species, 87 and 100%, respectively, but humans have a 

lower Thr:Lys ratio at 53% (Baker and Czarnecki-Maulden, 1991; NRC, 1995; Food and 

Nutrition Board, 2005). Similarly, Met + Cys:Lys, Trp:Lys, Ile:Lys, Leu:Lys, Val:Lys, and 

His:Lys are comparable among pigs, chicks, and dogs at about 70, 18, 60, 100, 75, and 32%, 

respectively. Rats have a greater optimum Met + Cys:Lys (107%) ratio than pigs, but the ratios 

for all other AA are similar between pigs and rats. Cats have greater ratios for Met + Cys:Lys 

(100%), and Leu:Lys (150) than pigs, but similar ratios for Trp:Lys (19%), Ile:Lys (63%), and 

Val:Lys (75%). Mice have lower ratios for Trp:Lys (11%), Ile:Lys (43%), Leu:Lys (76%), 

Val:Lys (54%), and His:Lys (22%) compared with other species. Humans have similar Val:Lys 

(63%), Leu:Lys (108%), and His:Lys (35%) ratios compared with other species, but have lower 

Met + Cys:Lys (49%) and Trp:Lys (14%) ratios. Overall there are several similarities among 

species with regards to AA ratios. Some minor deviances do, however, exist.  

 

CONCLUSIONS 

There is a need for measuring Trp:Lys ratios in weanling pigs. These values are needed to 

accurately formulate diets that meet the pigs’ requirement for Trp while reducing diet costs. To 

obtain accurate Trp:Lys ratios, a holistic approach is needed. Digestibility values for AA specific 

to each ingredient should be obtained as variability among ingredient batches exists. A basal diet 
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that is limiting only in Lys and Trp need to be formulated to avoid the influence of other AA on 

the Trp:Lys ratio. The requirement for Lys and Trp should be determined in a similar group of 

pigs to which the Trp:Lys ratio is determined to ensure that diets are formulated below the 

requirement of Trp and Lys. 
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Table 2.1. Requirement of indispensible AA by 10-20 kg pigs and concentration of indispensible AA in commonly used crops and co-

products
1 

 10-20 kg 

requirement
 

Corn Wheat Barley Sorghum Field 

Peas 

DDGS
2 

HP DDG
2 

CGM
2 

Canola 

meal 

Soybean 

meal, 48% 

CP 20.9 8.3 11.5 11.3 9.2 22.8 27.7 40.4 60.2 35.6 47.5 

Lys 1.15 0.26 0.38 0.41 0.22 1.50 0.62 1.34 1.02 2.08 3.02 

Thr 0.74 0.29 0.39 0.35 0.31 0.78 0.94 1.76 2.08 1.59 1.85 

Met 0.30 0.17 0.22 0.20 0.22 0.21 0.50 1.10 1.43 0.74 0.67 

Met + Cys 0.65 0.36 0.49 0.48 0.39 0.52 1.02 2.02 2.52 1.65 1.41 

Trp 0.21 0.06 0.26 0.11 0.10 0.19 0.25 0.26 0.31 0.45 0.65 

Ile 0.63 0.28 0.45 0.39 0.37 0.86 1.03 1.95 2.48 1.43 2.16 

Leu 1.12 0.99 0.90 0.77 1.21 1.51 2.57 6.94 10.19 2.58 3.66 

Val 0.79 0.39 0.57 0.52 0.46 0.98 1.30 2.38 2.79 1.82 2.27 

His 0.36 0.23 0.20 0.25 0.23 0.54 0.69 1.31 1.28 0.96 1.28 

1 
Values were obtained from NRC (1998). 

2 
DDGS=distillers dried grain with soluble; HP DDG= high protein distillers dried grains; CGM= corn gluten meal.
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Table 2.2. Digestible AA concentration of commonly used crops and co-products
1 

 10-20 kg 

requirement 

Corn Wheat Barley Sorghum Field 

Peas 

DDGS
2 

HP 

DDG
2 

CGM
2 

Canola 

meal 

Soybean 

meal, 48% 

CP 20.9 6.5 10.0 8.0 6.1 18.4 27.7 30.8 49.4 28.0 41.1 

Lys 1.01 0.23 0.31 0.32 0.18 1.32 0.62 0.93 0.82 1.62 2.72 

Thr 0.63 0.24 0.33 0.28 0.26 0.65 0.94 1.32 1.75 1.21 1.61 

Met 0.27 0.15 0.20 0.17 0.20 0.18 0.50 0.94 1.29 0.64 0.61 

Met + Cys 0.58 0.31 0.45 0.41 0.34 0.42 1.02 1.66 2.22 1.40 1.25 

Trp 0.18 0.05 0.23 0.09 0.08 0.15 0.25 0.22 0.20 0.34 0.59 

Ile 0.55 0.24 0.40 0.33 0.32 0.73 1.03 1.53 2.18 1.12 1.92 

Leu 1.02 0.91 0.80 0.66 1.09 1.30 2.57 5.86 8.97 2.09 3.26 

Val 0.69 0.34 0.49 0.43 0.40 0.81 1.30 1.83 2.23 1.40 2.00 

His 0.32 0.20 0.17 0.22 0.19 0.48 0.69 1.03 1.02 0.82 1.16 

1 
Values were obtained from NRC (1998). 

2 
DDGS=distillers dried grain with soluble; HP DDG= high protein distillers dried grains; CGM= corn gluten meal. 
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Table 2.3. Ideal AA profile for several species 

 Ideal ratio 

Amino acid Pig
1 

Chick
1 

Dog
2 

Cat
2 

Rat
3 

Mouse
3 

Human
4 

Lys 100 100 100 100 100 100 100 

Thr 65 70 67 87 67 100 53 

Met + Cys 60 75 64 100 107 ND 49 

Trp 18 17 22 19 22 11 14 

Ile 60 69 57 63 67 43 49 

Leu 100 109 100 150 116 76 108 

Val 68 80 75 75 80 54 63 

His 32 35 29 38 30 22 35 

Phe + Tyr 95 105 100 112 111 ND 92 

Arg 42 108 71 112 47 33 ND 

1 
Baker (1997). 

2 
Baker, and Czarnecki-Maulden (1991). 

3 
NRC (1995). 

4 
Food and Nutrition Board (2005). 
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Figure 2.1. Tryptophan structure 
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Figure 2.2. Tryptophan metabolism  



26 

 

CHAPTER 3 

 STANDARDIZED ILEAL DIGESTIBILITY OF CORN, SOYBEAN MEAL, CORN 

GLUTEN MEAL, HIGH PROTEIN DISTILLERS DRIED GRAINS, AND FIELD PEAS 

FED TO WEANLING PIGS 

 

ABSTRACT: Several alternative feedstuffs are available for use in weanling pig diets, but the 

standardized ileal digestibility (SID) of AA in most ingredients have not been determined in 

weanling pigs. The objective of the present experiment, therefore, was to measure the SID of AA 

in corn, soybean meal (SBM), corn gluten meal (CGM), high protein distillers dried grains (HP 

DDG), and field peas fed to weanling pigs. Twelve weanling barrows (initial BW: 10.3 ± 0.9 kg) 

were prepared with a T-cannula in the distal ileum and randomly allotted to a replicated 6 × 6 

Latin square design with 6 diets and 6 periods in each square. Five diets were formulated using 

corn, SBM, CGM, HP DDG, or field peas as the sole source of protein and AA. An N-free diet 

that was used to calculate basal endogenous losses of AA and protein was also formulated. 

Chromic oxide was included in all diets as an indigestible marker. All pigs were fed each diet for 

7 d and ileal digesta were collected during the last 2 d of each period. Samples were lyophilized 

and analyzed for CP and AA and the SID of all AA were calculated according to standardized 

procedures. The SID of Lys and Thr were greater (P < 0.05) in CGM, SBM, and field peas than 

in HP DDG. The SID of Met and Trp were greater (P < 0.05) in CGM, SBM, and corn than in 

HP DDG. The SID of Ile and Val were greater (P < 0.05) in CGM and SBM than in HP DDG. It 

is concluded that the SID of all AA in CGM is similar to that in SBM, but HP DDG has SID 

values for AA that are less than in both corn and SBM.  

Key words: amino acids, corn co-products, field peas, pigs, standardized ileal digestibility 
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INTRODUCTION 

For measuring the ideal Trp:Lys ratio or the Trp requirement by weanling pigs, 

ingredients that have a relatively low concentration of Trp are needed so that diets containing 

multiple levels of Trp can be formulated. Such ingredients include field peas, corn gluten meal 

(CGM), and high protein distillers dried grains (HP DDG). Diets based on these ingredients 

may, therefore, be formulated to be deficient in Trp, which allows for measuring animal 

responses to increasing levels of Trp. Diets for pigs should be formulated based on the 

concentration of standardized ileal digestibility (SID) of AA (Stein et al., 2007) and SID values, 

therefore, for ingredients used in AA titration experiments are needed. The SID of AA in corn, 

field peas, CGM, and HP DDG have been measured in growing pigs (NRC, 1998; Stein et al., 

2004; Stein and Bohlke, 2007; Widmer et al., 2007). However, there are no data for the SID of 

AA in these ingredients when fed to weanling pigs. Therefore, it was the objective of this 

experiment to measure both the apparent ileal digestibility (AID) and SID of AA in corn, CGM, 

HP DDG, and field peas when fed to weanling pigs, and to compare these values to the SID of 

AA in corn and soybean meal (SBM).  

 

MATERIALS AND METHODS 

Animals, Housing, and Experimental Design 

 The experimental protocol was reviewed and approved by the Institutional Animal Care 

and Use Committee at the University of Illinois. Twelve growing barrows (initial BW: 10.3 ± 0.9 

kg) were randomly allotted to a replicated 6 × 6 Latin square design with 6 diets and 6 periods 

balanced for potential residual effects using the Balanced Latin Square Designer (Kim and Stein, 

2009). Pigs were surgically equipped with a T-cannula in the distal ileum using procedures 
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adapted from Stein et al. (1998). Pigs were housed individually in pens (1.8 × 2.7 m) that had 

partially slatted floors in an environmentally controlled room. A feeder and a nipple drinker were 

installed in all pens.  

Diets and Feeding  

Corn and SBM were sourced from local suppliers near Champaign, IL (Table 3.1). Field 

peas were sourced from Legume Matrix, LLC., Jamestown, ND. High protein distillers dried 

grain was sourced from Poet, LLC., Sioux Falls, SD. Corn gluten meal was sourced from Archer 

Daniels Midland, Decatur, IL. Six diets were prepared (Tables 3.2 and 3.3). A N-free diet 

without any protein containing ingredients, was used to measure basal endogenous losses of AA. 

Five additional diets contained corn, SBM, field peas, HP DDG, and CGM, at levels of 94.5, 

40.0, 76.5, 50.0, and 35.0%, respectively, as the sole source of protein. Solka floc was included 

in the N-free diet at a level of 5% as a source of synthetic fiber. Chromic oxide (0.4%) was 

included in all diets as an inert marker; vitamins and minerals were included at levels that met or 

exceeded the NRC requirements for weanling pigs (NRC, 1998). Pigs were fed at a daily level of 

3 times the maintenance energy requirement. Water was available at all times throughout the 

experiment.  

Data Recording and Sample Collection 

At the start of the experiment, samples of each diet and of each ingredient were collected. 

Individual pig BW were recorded at the beginning and at the end of each period, and the amount 

of feed supplied each d was recorded. The initial 4 d of each period were considered an 

adaptation period to the diet. Ileal digesta was collected for 8 h on d 5 and 6 as described by 

Stein et al. (1999). In short, a plastic bag was attached to the cannula barrel and digesta flowing 

into the bag were collected. Bags were removed whenever they were filled with digesta or at 
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least once every 30 min and immediately frozen at – 20
o
C to prevent any bacterial degradation of 

the AA in the digesta. On the completion of each experimental period, animals were deprived of 

feed overnight and the following morning, a new experimental diet was offered.   

Chemical Analysis 

At the conclusion of the experiment, ileal samples were thawed, mixed within animal and 

diet, and a sub-sample was collected for chemical analysis. Digesta samples were lyophilized 

and finely ground prior to chemical analysis. All samples were analyzed for DM (method 

930.15; AOAC Int., 2007) and CP (method 990.03; AOAC Int., 2007). Chromium 

concentrations of diets and ileal digesta were determined using an inductive coupled plasma 

atomic emission spectrometric method (method 990.08; AOAC Int., 2007). Samples were 

prepared for analysis using nitric acid-perchloric acid (method 968.088D; AOAC Int., 2007). 

Amino acids were analyzed on a Hitachi Amino Acid Analyzer, Model No. L8800 (Hitachi High 

Technologies America, Inc.; Pleasanton, CA, U.S.) using ninhydrin for postcolumn 

derivatization and norleucine as the internal standard. Prior to analysis, samples were hydrolyzed 

with 6 N HCl for 24 h at 110°C (method 982.30 E(a); AOAC Int., 2007). Methionine and Cys 

were determined as Met sulfone and cysteic acid after cold performic acid oxidation overnight 

before hydrolysis (method 982.30 E(b); AOAC Int., 2007). Tryptophan was determined after 

NaOH hydrolysis for 22 h at 110°C (method 982.30 E(c); AOAC Int., 2007).  

Calculations and Statistical Analysis 

 Apparent ileal digestibility values for each AA in corn, SBM, field peas, HP DDG, and 

CGM were calculated. Equation [1] (Stein et al., 2007) was used to calculate the AID: 

AID (%) = (1 – [(AAd/AAf) x (Crf/Crd)]) x 100%   [1] 
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where AID is the apparent ileal digestibility value of an AA (%), AAd is the concentration of 

that AA in the ileal digesta DM, AAf is the AA concentration of that AA in the feed DM, Crf is 

the chromium concentration in the feed DM, and Crd is the chromium concentration in the ileal 

digesta DM. The AID for CP was also calculated using this equation. 

 The basal endogenous flow to the distal ileum of each AA was determined based on the 

flow obtained after feeding the N-free diet using equation [2] (Stein et al., 2007): 

IAAend (g/kg DMI) = [AAd x (Crf/Crd)]    [2] 

where IAAend is the basal endogenous loss of an AA (g per kg DMI). The basal endogenous loss 

of CP was determined using the same equation.  

 By correcting the AID for the IAAend of each AA, SID values were calculated using 

equation [3] (Stein et al., 2007): 

SID (%) = [(AID/10 + IAAend)/AAf]    [3] 

where SID is the standardized ileal digestibility value (%). 

 Data were analyzed using the GLM procedure (SAS Institute Inc., Cary, NC). An 

ANOVA was conducted with pigs, periods, and diets as the main effects. Treatment means were 

separated using the Least Significant Difference test. The pig was the experimental unit for all 

analyses and an alpha value of 0.05 was used to assess significance among treatments.        

 

RESULTS 

All pigs stayed healthy throughout the experiment and readily consumed their diets. The 

AID for CP in SBM and CGM (78.18 and 79.88%, respectively) were greater (P < 0.05) than in 

all other ingredients used in this experiment (Table 3.4). The least (P < 0.05) AID of CP was 

measured in corn and HP DDG (57.23 and 60.55%, respectively). The AID of CP in field peas 
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(69.43%) was less (P < 0.05) than in CGM and SBM, but greater than the AID of CP in corn and 

HP DDG.  

The AID of the indispensable AA followed the same trend as the AID of CP with the 

greatest values measured for CGM and SBM and the least values observed for corn and HP 

DDG. For Lys, the AID in SBM (82.59%), field peas (81.37%), and CGM (74.43%) was greater 

(P < 0.05) than in corn (54.82%) and HP DDG (48.02%). 

The SID of CP in CGM (86.51%) was greater (P < 0.05) than the SID of CP in corn 

(80.12%), field peas (78.94%), and HP DDG (68.24%), but not different from the SID of CP in 

SBM (85.87%; Table 3.5). The SID of CP in SBM was not different from the SID of CP in corn, 

but greater (P < 0.05) than in field peas and HP DDG. The SID of CP in HP DDG was less (P < 

0.05) than in all other ingredients.  

The SID of indispensable AA in SBM and CGM were not different and mostly greater (P 

< 0.05) than in corn and HP DDG. The SID of Arg, His, Lys, and Thr in field peas were not 

different from the SID of these AA in SBM and CGM, and the SID of Ile, Leu, Phe, and Val in 

field peas were also not different from the SID of these AA in SBM. However, field peas had 

less (P < 0.05) SID values for Ile, Leu, Met, Phe, and Val compared with CGM, and reduced (P 

< 0.05) SID of Met and Trp compared with SBM. The SID of Leu, Met, Phe, and Trp in corn 

was not different from that in CGM and SBM, but the SID of Arg, His, and Lys in corn was less 

(P < 0.05) than in SBM. The SID of Ile, Thr, and Val in corn were also less (P < 0.05) than in 

CGM. The SID of all indispensable AA in field peas were not different from the SID in corn 

with the exception that the SID of Met was greater (P < 0.05) in corn than in field peas, but the 

SID of Lys was greater (P < 0.05) in field peas than in corn. The SID of Leu, Met, and Trp, in 

HP DDG were not different from the SID in field peas, but less (P < 0.05) than in SBM, corn, 
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and CGM and for all other AA, the SID in HP DDG was less (P < 0.05) than the SID in other 

ingredients.  

 

DISCUSSION 

With the exception of SBM, the ingredients used in this experiment are low in Trp 

relative to the amount of Lys contained in each ingredient. For this reason, future experiments 

can be conducted using these ingredients as substrates in diets with a low Trp:Lys ratio.  

The SID of CP and AA in corn that were observed in the present experiment were similar 

to those reported from previous experiments (Stein et al., 2001; Bohlke et al., 2005); however, 

the values were less than other reported values (NRC, 1998; Stein et al., 2005). However, all 

previous experiments used growing-finishing pigs, whereas weanling pigs were used in this 

experiment. The SID of CP and AA in SBM were similar to previously reported values (NRC, 

1998; Bohlke et al., 2005; Opapeju et al. 2006; Kim et al., 2009). The SID of AA in SBM that 

were measured in the current experiment were also similar to values reported by Baker et al. 

(2010) and Cervantes-Pahm and Stein (2010) who also used weanling pigs. These values suggest 

that the SBM used in this experiment was of a quality similar to that used in other experiments. 

The SID for CP and AA in CGM that were measured in the present experiment concur 

with previously published values from North America (NRC, 1998), but they are slightly less 

than European values (Sauvant et al., 2004) and also less than the values reported for the SID of 

AA in CGM fed to cecectomized roosters (de Godoy et al., 2009). Values for the AID of CP and 

AA obtained for CGM in the present experiment are also less than values obtained for CGM by 

Knabe et al. (1989). However, the SID of indispensable AA in CGM that were measured in this 

experiment agree with values reported by Urbaityte et al. (2009) who also used weanling pigs, 
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with the exception of the SID for Lys, which was greater in the present experiment than in the 

experiment by Urbaityte et al. (2009). 

There are relatively few data in the literature for the SID of CP and AA in HP DDG and 

to our knowledge, no data have been reported for weanling pigs. However, the SID of CP and 

AA in HP DDG obtained in this experiment were less than the SID values reported by Kim et al. 

(2009) and Widmer et al. (2007) that used growing pigs. In particular, the SID of Lys was low, 

which may be due to Maillard reactions in this sample of HP DDG. After the fermentation 

process, distillers products are dried and the drying process may cause Maillard reactions (Pahm 

et al., 2008). These reactions cause the epsilon NH2 group of Lys to bind with a reducing sugar 

producing unreactive Lys, which is unavailable to the pig (Pahm et al., 2008).  

Field peas had values for the SID of CP and AA that were similar to those in corn. The 

SID of CP and AA in field peas were also similar to previous values that were measured in 

growing pigs (Stein et al., 2004; Stein and Bohlke, 2007). The AID of CP and AA of field peas 

that were measured in this experiment also agree with data from Canibe and Eggum (1997) and 

the SID of the indispensable AA agree with values reported by Urbaityte et al. (2009).  

In conclusion, results of the present experiment confirm that CGM, field peas, and HP 

DDG have a relatively low Trp:Lys ratio and these ingredients may, therefore, be used to 

formulate diets for Trp titration experiments. It was also confirmed that the AA in CGM have an 

excellent digestibility when fed to weanling pigs and the digestibility of most AA in field peas is 

similar to that in SBM. In contrast, the digestibility of most AA in HP DDG is less than in corn, 

SBM, CGM , and field peas when fed to weanling pigs. 
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Table 3.1.  Analyzed nutrient composition of ingredients (as-fed basis)
1 

Item Corn SBM
2 

Field peas HP DDG
2 

CGM
2
 

CP, %
 

6.72 44.51 19.71 40.55 65.46 

Indispensable AA, %      

   Arg 0.36 3.30 1.69 1.55 2.32 

   His 0.21 1.20 0.50 1.16 1.34 

   Ile 0.26 2.20 0.96 1.80 2.67 

   Leu 0.80 3.56 1.54 5.81 10.26 

   Lys 0.24 2.88 1.53 1.19 1.24 

   Met 0.16 0.67 0.21 0.90 1.66 

   Phe 0.33 2.31 1.02 2.25 4.04 

   Thr 0.25 1.76 0.73 1.52 2.14 

   Trp 0.05 0.58 0.22 0.22 0.34 

   Val 0.36 2.32 1.10 2.17 2.99 

Dispensable AA, %      

   Ala 0.50 2.00 0.89 3.14 5.52 

   Asp 0.45 5.21 2.33 2.63 4.00 

   Cys 0.16 0.65 0.27 0.80 1.13 

   Glu 1.19 7.95 3.41 6.88 11.80 

   Gly 0.30 1.97 0.90 1.38 1.94 

   Pro 0.53 2.22 0.78 3.55 5.86 

   Ser 0.30 2.00 0.84 1.79 2.90 

   Tyr 0.21 1.65 0.70 1.71 3.10 
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1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; CGM was sourced from Archer Daniels Midland, 

Decatur, IL; Corn and soybean meal were sourced from local suppliers near Champaign, IL. 

2
 CGM = corn gluten meal; HP DDG = high protein distillers dried grains; SBM = 

soybean meal.
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Table 3.2. Ingredient composition of experimental diets
1
 

 Diet 

Ingredients, % Protein free Corn SBM
2 

Field peas HP DDG
2 

CGM
2 

Ground corn - 94.54 - - - - 

SBM, 44% CP - - 40.00 - - - 

Ground field peas - - - 76.50 - - 

HP DDG
 

- - - - 50.00 - 

CGM
 

- - - - - 35.00 

Cornstarch 66.50 - 42.88 6.55 32.70 42.48 

VTM
2,3 

0.30 0.30 0.30 0.30 0.30 0.30 

Soybean oil 4.00 2.00 4.00 4.00 4.00 4.00 

Dicalcium phosphate 1.82 1.61 1.46 0.77 1.10 1.68 

Ground limestone 0.70 0.75 0.56 1.08 1.10 0.74 

Salt 0.40 0.40 0.40 0.40 0.40 0.40 

Potassium carbonate 0.70 - - - - - 

Magnesium oxide 0.18 - - - - - 

Chromic oxide 0.40 0.40 0.40 0.40 0.40 0.40 

Sucrose 20.00 - 10.00 10.00 10.00 15.00 

Solka floc
4 

5.00 - - - - - 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; CGM was sourced from Archer Daniels Midland, 

Decatur, IL; Corn and soybean meal were sourced from local suppliers near Champaign, IL. 
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2
 CGM = corn gluten meal; HP DDG = high protein distillers dried grains; SBM = 

soybean meal; VTM = vitamin-trace mineral premix. 

3
 The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A, 11,128 IU; vitamin D3, 2,204 IU; 

vitamin E, 66 IU; vitamin K, 1.42 mg; thiamin, 0.24 mg; riboflavin, 6.58 mg;  pyridoxine, 0.24 

mg; vitamin B12, 0.03 mg; D-pantothenic acid, 23.5 mg; niacin, 44 mg; folic acid, 1.58 mg; 

biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as potassium 

iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100  mg as zinc 

oxide. 

4 
Fiber Sales and Development  Corp., Urbana, OH. 



41 

 

Table 3.3.  Analyzed nutrient composition of experimental diets (as fed basis)
1 

Item Protein free Corn SBM
2 

Field Peas
 

HP DDG
2 

CGM
2 

ME, Mcal/kg
3 

3,735 3,413 3,439 3,921 4,059 3,439 

DM, % 91.89 87.67 91.06 90.43 92.67 91.82 

Ca, %
3 

0.70 0.70 0.70 0.70 0.70 0.70 

P, %
3 

0.34 0.56 0.55 0.46 0.39 0.45 

CP, % 0.56 6.51 20.14 16.16 20.49 23.51 

Indispensable AA, %      

   Arg 0.01 0.30 1.31 1.32 0.75 0.84 

   His 0.01 0.19 0.51 0.42 0.60 0.52 

   Ile 0.01 0.22 0.87 0.73 0.84 1.00 

   Leu
 
 0.03 0.69 1.45 1.23 2.93 3.88 

   Lys
 
 0.01 0.21 1.16 1.21 0.59 0.46 

   Met - 0.12 0.25 0.15 0.44 0.59 

   Phe
 
 0.01 0.29 0.94 0.81 1.10 1.50 

   Thr
 
 0.01 0.21 0.71 0.58 0.78 0.78 

   Trp
 
 - 0.05 0.26 0.15 0.14 0.17 

   Val 0.02 0.30 0.93 0.82 1.05 1.13 

Dispensable AA, %      

   Ala 0.02 0.43 0.80 0.70 1.58 2.04 

   Asp 0.02 0.40 2.10 1.83 1.32 1.49 

   Cys 0.01 0.13 0.27 0.20 0.40 0.43 

   Glu 0.05 1.00 3.14 2.55 3.56 4.56 
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Table 3.3 (cont.)       

   Gly 0.01 0.25 0.78 0.69 0.67 0.71 

   Pro 0.02 0.51 0.87 0.62 1.78 2.03 

   Ser 0.01 0.25 0.83 0.70 0.99 1.10 

   Tyr 0.01 0.20 0.58 0.49 0.81 1.05 

1
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; CGM was sourced from Archer Daniels Midland, 

Decatur, IL; Corn and soybean meal were sourced from local suppliers near Champaign, IL. 

2
CGM = corn gluten meal; HP DDG = high protein distillers dried grains; SBM = 

soybean meal.
  

3
Values for ME, Ca, and P were calculated (NRC, 1998) rather than analyzed. 
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Table 3.4. Apparent ileal digestibility (%) of CP and AA in corn, soybean meal (SBM), field 

peas, high protein distillers dried grains (HP DDG), and corn gluten meal (CGM)
1,2 

 Corn SBM
 

CGM
 

HP DDG
 

Field peas
 

SEM P-value 

CP, %
 

57.23
c 

78.18
a 

79.88
a 

60.55
c 

69.43
b 

2.28 < 0.001 

Indispensable AA, %       

  Arg 70.31
b 

88.45
a 

84.39
a 

64.55
c 

85.71
a 

1.70 < 0.001 

  His 70.13
b 

85.29
a 

81.96
a 

66.30
b 

80.55
a 

2.12 < 0.001 

  Ile 66.35
c 

83.03
ab 

84.67
a 

67.76
c 

77.51
b 

2.09 < 0.001 

  Leu 78.78
bc 

82.69
b 

88.99
a 

79.76
bc 

78.36
c 

1.59 < 0.001 

  Lys 54.82
b 

82.59
a 

74.43
a 

48.02
b 

81.37
a 

3.13 < 0.001 

  Met 79.34
b 

84.65
a 

88.91
a 

78.90
b 

73.89
c 

1.64 < 0.001 

  Phe 73.74
d 

83.80
ab 

87.05
a 

75.04
cd 

79.17
bc 

1.84 < 0.001 

  Thr 48.81
d 

75.43
ab 

78.95
a 

57.29
c 

68.93
b 

2.97 < 0.001 

  Trp 60.20
c 

83.12
a 

81.29
a 

66.24
bc 

70.38
b 

2.31 < 0.001 

  Val 66.08
c 

81.11
ab 

83.74
a 

66.13
c 

75.41
b 

2.25 < 0.001 

Dispensable AA, %       

  Ala 71.22
bc 

76.55
b 

86.28
a 

74.25
bc 

69.76
c 

2.00 < 0.001 

  Asp 59.07
b 

79.28
a 

79.47
a 

59.30
b 

77.68
a 

2.48 < 0.001 

  Cys 63.18
bc 

71.11
ab 

78.40
a 

60.92
cd 

52.95
d 

3.11 < 0.001 

  Glu 77.04
cd 

83.89
ab 

86.90
a 

75.73
d 

80.78
bc 

1.84 0.0002 

  Gly 18.48
d 

65.95
a 

61.73
ab 

33.37
c 

52.32
b 

4.69 < 0.001 

  Pro 21.72
b 

58.45
a 

69.38
a 

41.46
ab 

8.54
b 

12.89 0.007 

  Ser 62.46
c 

81.38
a 

86.06
a 

70.44
b 

75.20
b 

2.09 < 0.001 
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Table 3.4 (cont.)        

  Tyr 70.21
d 

82.15
ab 

86.81
a 

75.73
c 

77.89
bc 

1.81 < 0.001 

All AA 63.20
c 

80.00
a 

83.29
a 

66.81
c 

73.73
b 

2.10 < 0.001 

a-d 
Means within the same row lacking a common superscript letter differ (P < 0.05). 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; CGM was sourced from Archer Daniels Midland, 

Decatur, IL; Corn and soybean meal were sourced from local suppliers near Champaign, IL. 

2 
Data are means of 12 observations per diet. 
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Table 3.5. Standardized ileal digestibility (%) of CP and AA in corn, soybean meal (SBM), field 

peas, high protein distillers dried grains (HP DDG), and corn gluten meal (CGM)
1,2,3 

 Corn SBM CGM HP DDG Field peas SEM P-value 

CP, % 80.12
bc 

85.87
ab 

86.51
a 

68.24
d 

78.94
c 

2.28 < 0.001 

Indispensable AA, %       

  Arg 86.78
b 

92.37
a 

90.55
ab 

71.51
c 

89.57
ab 

1.70 < 0.001 

  His 82.46
b 

90.07
a 

86.68
ab 

70.42
c 

86.31
ab 

2.12 < 0.001 

  Ile 81.55
b 

87.03
ab 

88.17
a 

71.97
c 

82.24
b 

2.09 < 0.001 

  Leu 87.12
ab 

86.81
ab 

90.55
a 

81.83
c 

83.18
bc 

1.59 0.002 

  Lys 75.92
b 

86.56
a 

84.51
ab 

55.95
c 

85.14
a 

3.13 < 0.001 

  Met 86.38
a 

88.15
a 

90.41
a 

80.93
b 

79.70
b 

1.64 < 0.001 

  Phe 85.36
ab 

87.52
ab 

89.40
a 

78.27
c 

83.46
b 

1.84 < 0.001 

  Thr 75.71
b 

83.69
ab 

86.54
a 

64.94
c 

78.97
ab 

2.97 < 0.001 

  Trp 85.00
ab 

88.08
a 

88.93
a 

75.60
c 

78.90
bc 

2.32 < 0.001 

  Val 81.42
b 

86.26
ab 

88.00
a 

70.76
c 

81.20
b 

2.25 < 0.001 

Dispensable AA, %       

  Ala 83.59
a 

83.46
a 

89.01
a 

77.81
b 

77.60
b 

2.00 < 0.001 

  Asp 79.76
a 

83.37
a 

85.29
a 

65.93
b 

82.34
a 

2.48 < 0.001 

  Cys 80.39
a 

79.72
a 

83.85
a 

66.84
b 

64.48
b 

3.11 < 0.001 

  Glu 86.66
a 

87.08
a 

89.11
a 

78.59
b 

84.67
a 

1.84 0.002 

  Gly 76.47
a 

85.25
a 

83.11
a 

56.25
b 

73.99
a 

4.69 < 0.001 

  Pro 74.68
 

90.69
 

83.32
 

57.49
 

53.47
 

12.89 0.17 

  Ser 83.58
b 

87.99
ab 

91.09
a 

76.08
c 

82.98
b 

2.09 < 0.001 
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Table 3.5 (cont.)       

  Tyr 83.03
bc 

86.74
ab 

89.37
a 

79.08
c 

83.29
bc 

1.81 0.002 

All AA 82.50
ab 

86.59
ab 

88.14
a 

72.66
c 

81.35
b 

2.10 < 0.001 

a-d 
Means within the same row lacking a common superscript letter differ (P < 0.05). 

1 
Values for the SID of CP and AA were calculated by correcting AID values for basal 

endogenous losses of CP and AA that were determined using pigs fed the N-free diet at the 

following quantities (g per kg DMI): CP, 17.0; Arg, 0.56; His, 0.27; Ile, 0.38; Leu, 0.66; Lys, 

0.51; Met, 0.10; Phe, 0.38; Thr, 0.64; Trp, 0.14; Val, 0.53; Ala, 0.61; Asp, 0.94; Cys, 0.26; Glu, 

1.10; Gly, 1.65; Pro, 3.08; Ser, 0.60; and Tyr, 0.29. 

2
 Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; CGM was sourced from Archer Daniels Midland, 

Decatur, IL; Corn and soybean meal were sourced from local suppliers near Champaign, IL. 

3
Data are means of 12 observations per diet.
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CHAPTER 4 

 ESTIMATION OF THE REQUIREMENT FOR STANDARDIZED ILEAL 

DIGESTIBLE LYSINE AND TRYPTOPHAN IN 10-20 KG PIGS 

 

ABSTRACT: Three experiments were conducted to determine the Lys and Trp requirements of 

10 to 20 kg pigs (Genetiporc, Alexandria, MN). In Exp. 1, five corn-soybean meal diets 

containing between 1.0 and 1.4% standardized ileal digestible (SID) Lys were formulated. All 

diets were similar with the exception that different levels of crystalline Lys were used. Diets 

were fed to pigs from 10.14 ± 0.79 kg to 20.42 ± 2.59 kg and data for ADG, ADFI, and G:F were 

calculated. If the data had significant linear effects, broken line analyses was conducted for ADG 

and G:F. Likewise, a quadratic analysis was conducted if the data had significant quadratic 

effects. The estimated SID Lys requirements for ADG and G:F were 1.18 and 1.29% using the 

broken line analysis. A growth assay (Exp. 2) was conducted to develop diets using corn gluten 

meal (CGM) and field peas or high protein distillers dried grains (HP DDG) as the main protein 

sources in corn-based diets. A corn-soybean meal control diet (1.20% SID Lys), 2 corn-CGM-

field pea diets (1.20 and 1.35% SID Lys, respectively), and 2 corn-HP DDG diets (1.20 and 

1.35% SID Lys, respectively) were formulated. Diets were fed to pigs from 10.14 ± 0.79 kg to 

20.89 ± 2.06 kg and data for ADG, ADFI, and G:F were calculated. Pigs fed the control diet had 

greater (P < 0.05) ADG and G:F than pigs fed the other diets. Pigs fed the corn-CGM-field pea 

diet and the corn-HP DDG diet containing 1.35% SID Lys had greater (P < 0.05) G:F than pigs 

fed the diets with 1.20% SID Lys. Pigs fed the corn-CGM-field pea diet with 1.35% SID Lys 

also had greater (P < 0.05) ADG than pigs fed the same diet with 1.20% SID Lys. In Exp. 3, the 

requirements for SID Lys and Trp were determined in pigs fed diets containing corn, CGM, and 
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field peas and between 0.75 and 1.40% SID Lys, and between 0.105 and 0.28% SID Trp, 

respectively. Diets were fed to pigs from 10.30 ± 1.16 kg to 18.12 ± 3.30 kg and data for ADG, 

ADFI, and G:F were calculated. Break point and quadratic analyses were conducted for ADG, 

G:F, and plasma urea nitrogen (PUN) for pigs fed increasing levels of Trp. The requirement for 

SID Trp for maximum ADG and G:F, and minimum PUN were 0.19, 0.18, and 0.20%, 

respectively, if the breakpoint analysis was used and 0.25, 0.22, and 0.25%, respectively, if the 

quadratic analysis was used. If the intercept of the plateau of the break point and quadratic 

analyses was used, the requirement for SID Trp was determined to be 0.22, 0.20, and 0.22% for 

ADG, G:F, and PUN, respectively. The requirement for SID Lys for maximum ADG and G:F, 

and minimum PUN were 1.07, 1.11, and 1.10%, respectively, if the breakpoint analysis was 

used. If the quadratic analysis was used, the SID Lys requirement was 1.22 and 1.30% for 

maximum ADG and minimum PUN, respectively, and the intercept of the break point and 

quadratic analyses was used, the requirement for SID Lys was determined to be 1.17 and 1.15% 

for ADG and PUN, respectively. These data demonstrate that requirement estimates for Lys are 

influenced by the type of diet that is used and requirement estimates for both Lys and Trp are 

influenced by the response criterion and the type of analysis that is used to determine the 

requirement. 

Key words: lysine, pigs, requirement, tryptophan  

 

INTRODUCTION 

Corn protein has a low Trp:Lys ratio and may be used in experiments for determination 

of Trp:Lys ratios in 10 kg pigs. Corn, however, does not contain enough CP to adequately supply 

AA to meet the requirement of 10 kg pigs. Therefore, corn co-products from the milling and 
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ethanol industries may be used in diets that are formulated to determine Trp:Lys ratios. 

Particularly, corn gluten meal (CGM) and high protein distillers dried grains (HP DDG) have 

high CP, but low Trp:Lys ratios. Likewise, field peas have a low Trp:Lys ratio, and can be 

utilized in this type of experiment.  

In experiments that aim at determining Trp:Lys ratios, it is important to develop a basal 

diet that is not limiting in AA other than Lys and Trp. This diet needs to have a relatively low 

concentration of both Lys and Trp, which allows for increasing the concentration of Trp to 

determine the optimal Trp:Lys ratio. The concentration of Lys in the diet needs to be below the 

requirement, because if the Lys is above the requirement when conducting Trp:Lys ratio 

experiments, ratio estimates may be inaccurate and result in underestimation of the ratio. To 

make sure the concentration of Lys is below the requirement, it is necessary that the Lys 

requirement is known. Likewise, to make sure that the dietary levels of Trp used to estimate the 

Trp:Lys ratio cover an approximate range from below to above the requirement, it is necessary 

that the Trp requirement of the pigs is known. Therefore, the objective of these experiments was 

to determine the Lys requirement as well as the Trp requirement in 10 to 20 kg pigs.  

 

MATERIALS AND METHODS 

 Three experiments were conducted. The experimental protocols were reviewed and 

approved by the Institutional Animal Care and Use Committee at the University of Illinois. Pigs 

used in these experiments were derived from the matings of G-Performer boars and Fertilis 25 

sows (Genetiporc, Alexandria, MN). Before the 3 experiments were conducted, the standardized 

ileal digestibility (SID) of AA and CP in all the protein-containing ingredients used in these 
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experiments were determined (Chapter 3). The same batch of the ingredients was used in the 

digestibility experiment and in the present 3 experiments.  

Experiment 1 

Experiment 1 was conducted to determine the Lys requirement of pigs fed a corn-

soybean meal (SBM) diet. A basal diet was formulated to contain 1.00% SID Lys and 4 

additional diets were formulated by adding 0.10, 0.20, 0.30, or 0.40% Lys from L-Lys HCl to the 

basal diet (Tables 4.1 and 4.4). The total concentration of SID Lys in these diets, therefore, was 

1.10, 1.20, 1.30, and 1.40%, respectively. All diets were formulated to contain all indispensable 

AA, other than Lys, in quantities required to meet the ideal AA profile for 10 to 20 kg pigs 

(Baker, 1997) in the diet containing 1.40% SID Lys. A total of 160 pigs (initial BW: 10.14 ± 

0.79 kg) were allotted to the 5 diets in a randomized complete block design with 4 pigs per pen 

and 8 pen replicates per diet. Pigs were housed in pens (1.22 × 1.37 m) that had fully slatted 

plastic floors, and a feeder and a nipple drinker were installed in each pen. Four replications of 

pigs were fed for 21 d, and the remaining 4 replications were fed for 17 d to maintain a 

consistent ending BW among the pigs on the treatments formulated at 1.40% SID Lys. Pig 

weights were recorded at the initiation and completion of the experiment, and feed additions 

were recorded when feed was added to the feeder. All pigs had ad libitum access to feed and 

water throughout the experiment. At the conclusion of the experiment, left-over feed was 

weighed and subtracted from the total amount of feed supplied. Data were summarized to 

calculate ADG, ADFI, and G:F.  

Experiment 2 

 Experiment 2 was conducted to determine the performance of pigs fed diets based on 

corn and HP DDG or corn, CGM, and field peas. A corn-SBM control diet (1.20% SID Lys) that 
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was presumed to be adequate in all AA (NRC, 1998) was formulated (Tables 4.2 and 4.5). Two 

additional diets containing corn, CGM, and field peas were formulated to contain either 1.20 or 

1.35% SID Lys. These 2 levels of SID Lys were used because the results of Exp. 1 indicated that 

the SID Lys requirement in a corn-SBM diet is close to 1.20% SID Lys, but it is not known if the 

requirement is greater in diets containing corn co-products. Two diets containing corn and HP 

DDG were also formulated to contain either 1.20 or 1.35% SID Lys. In all diets, indispensable 

AA other than Lys were included to meet the ideal AA profile (Baker, 1997). In the diets 

containing 1.35% SID Lys, NaCl was replaced by sodium bicarbonate on an equal sodium basis 

to maintain a constant acid-base balance. There were 5 pigs per pen and 6 pen replicates per diet. 

Pigs were housed in pens (1.22 × 1.22 m) that had fully slatted plastic floors, and a feeder and a 

nipple drinker were installed in each pen. Pig weights were recorded at the beginning and at the 

end of the experiment, and feed additions were recorded when feed was added to the feeder. At 

the conclusion of the experiment, left-over feed was weighed and subtracted from the total 

amount of feed supplied. All pigs had ad libitum access to feed and water throughout the 21 d 

experiment. Pig performance from 10.14 ± 0.79 kg to 20.89 ± 2.06 kg was measured. Average 

daily weight gain, ADFI, and G:F were calculated for each diet at the end of the experiment.  

Experiment 3 

  Experiment 3 was conducted to determine the Lys and Trp requirements of pigs fed diets 

based on corn, CGM, and field peas. A total of 11 diets were formulated (Tables 4.3 and 4.6). A 

basal diet was formulated to be super-adequate in Lys and Trp. This diet contained 1.11% Lys 

HCl and 0.18% L-Trp and the concentrations of SID Lys and SID Trp were 1.40 and 0.28%, 

respectively. Other indispensable AA were included to exceed the optimal ratios to Lys (Baker, 

1997). Five additional diets that contained 0.245, 0.21, 0.175, 0.14, or 0.105% SID Trp, 
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respectively, were formulated. These diets were similar to the basal diet with the exception that 

the concentration of L-Trp was reduced from 0.18% in the basal diet to 0.15, 0.11, 0.08, 0.04, 

and 0.01%, respectively. The concentration of SID Lys was 1.40% in all these diets. An 

additional 5 diets were formulated to contain 1.27, 1.14, 1.01, 0.80, or 0.75% SID Lys. These 

diets were also as in the basal diet with the exception that the inclusion of L-Lys HCl was 

reduced from 1.11% in the basal diet to 0.95, 0.78, 0.62, 0.45, and 0.29%, respectively. All of 

these diets were formulated to contain 0.28% SID Trp and the concentrations of all other AA 

were similar to the basal diet. There were 5 pigs per pen and 8 pen replicates per diet. Pig 

performance was measured from 10.30 ± 1.16 kg to 18.12 ± 0.30 kg. Three replications of pigs 

were housed in pens (1.22 × 1.37 m) that had fully slatted plastic floors, and the remaining 5 

replications were housed  in pens (1.22 × 1.22 m) equipped with expanded metal floors. All pens 

had a feeder and a nipple drinker installed. Pig weights were recorded at the beginning and at the 

end of the experiment, and feed additions were recorded when feed was added to the feeder. All 

pigs had ad libitum access to feed and water throughout the experiment. At the conclusion of the 

experiment, left-over feed was weighed and subtracted from the total amount of feed supplied. 

Three replications of pigs were fed for 17 d, 2 replications were fed for 21 d, 2 replications were 

fed for 20 d, and the final replication was fed for 19 d to maintain a consistent final weight 

among the pigs fed the basal diet.  At the conclusion of the experiment, data were summarized to 

calculate ADG, ADFI, and average G:F. On the last d of the experiment, 2 average-sized 

pigs/pen were bled via jugular venipuncture in heparinized tubes, and blood samples stored on 

ice until centrifuged (2000 rpm at 5°C for 15 min) and plasma was harvested and analyzed for 

plasma urea nitrogen (PUN) immediately after centrifugation.  
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Chemical Analyses 

All diets were analyzed for CP (method 990.03; AOAC Int., 2007) and AA. Amino acids 

were analyzed on a Hitachi Amino Acid Analyzer, Model No. L8800 (Hitachi High 

Technologies America, Inc.; Pleasanton, CA, U.S.) using ninhydrin for postcolumn 

derivatization and norleucine as the internal standard. Prior to analysis, samples were hydrolyzed 

with 6 N HCl for 24 h at 110°C (method 982.30 E(a); AOAC Int., 2007). Methionine and Cys 

were determined as Met sulfone and cysteic acid after cold performic acid oxidation overnight 

before hydrolysis (method 982.30 E(b); AOAC Int., 2007). Tryptophan was determined after 

NaOH hydrolysis for 22 h at 110°C (method 982.30 E(c); AOAC Int., 2007). Blood samples 

were analyzed for concentrations of PUN on an Olympus AU680 Chemistry Analyzer (Olympus 

Life Science Research Europa GmbH, Munich, Germany).  

Statistical Analyses 

 In all experiments, data were analyzed using the PROC MIXED procedure of SAS (SAS 

Institute Inc., Cary, NC). In Exp. 2, an analysis of variance was conducted with diet as fixed and 

pen and replication as random effects. Treatment means were calculated using the Least Square 

Means test and separated using the PDIFF option. In Exp. 1 and 3, linear and quadratic effects of 

Lys addition and Lys and Trp additions, respectively, were determined using CONTRAST 

statements. Broken line analyses were analyzed using the PROC NLIN procedure of SAS 

(Robbins et al., 2006) for variables that had significant linear effects. Quadratic analyses were 

analyzed using the PROC REG procedure of SAS for variables that had significant quadratic 

effects. The intersection of the broken line and quadratic analyses was calculated (Baker et al., 

2002) for variables where both broken line and quadratic analyses were fitted to the data. 
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RESULTS 

Experiment 1 

Pig ADG increased linearly (P < 0.05) with increases in levels of SID Lys in the diet and 

G:F increased linearly (P < 0.001) with increasing levels of dietary SID Lys (Table 4.7). 

However, there was no effect of increasing levels of SID Lys on initial BW, final BW, or ADFI. 

Broken line analyses were conducted on the ADG data to yield an estimate of the Lys 

requirement of 1.18% SID Lys (Figure 4.1). Data for G:F were also analyzed using the broken 

line analysis to obtain a requirement estimate of 1.29% SID Lys (Figure 4.2).  

Experiment 2 

 Pigs fed the corn-SBM diet had greater (P < 0.05) final BW, ADG, and G:F than pigs fed 

the other diets (Table 4.8). Pigs fed the CGM-field pea diet at 1.35% SID Lys had greater (P < 

0.05) G:F than pigs fed the 2 HP DDG diets and the CGM-field pea diet with 1.20% SID Lys. 

The G:F for the pigs fed the HP DDG diet with 1.35% SID Lys was also greater (P < 0.05) than 

for pigs fed the HP DDG diet with 1.20% SID Lys, but no differences in ADG between these 2 

groups were observed. The ADG for pigs fed 1.35% SID Lys from the HP DDG diet was not 

different from the ADG of pigs fed 1.20 or 1.35% SID Lys from the corn-CGM-field pea diets, 

but pigs fed the corn-CGM-field pea diet with 1.35% SID Lys had greater (P < 0.05) ADG than 

pigs fed the corn-CGM-field pea diet with 1.20% SID Lys. No differences were observed in 

initial BW or ADFI among treatments. 

Experiment 3 

 As the level of SID Trp in the diet decreased, final BW and ADG decreased linearly and 

quadratically (P < 0.001; Table 4.9). Similarly, ADFI and G:F decreased linearly and 
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quadratically (P < 0.01) with decreasing levels of dietary SID Trp. With decreasing levels of SID 

Trp, PUN increased linearly and quadratically (P < 0.001).  

When dietary Lys was reduced, both final BW and G:F decreased (linear, P < 0.01), but 

no quadratic effects were observed (Table 4.10). As SID Lys was reduced, ADG decreased 

linearly and quadratically (P < 0.01) and PUN increased linearly and quadratically (P < 0.001). 

Feed intake was not affected by changing the level of SID Lys in the diet. 

The SID Trp requirement estimates for ADG were 0.19% using broken line analysis, 

0.25% using quadratic analysis, and 0.22% using the intercept between broken line and quadratic 

analysis (Figure 4.3). The SID Trp requirement estimates for G:F were 0.18% using broken line 

analysis, 0.22% using quadratic analysis, and 0.20% using the intercept (Figure 4.4). The SID 

Trp requirement estimates for PUN were 0.20% using broken line analysis, 0.25% using 

quadratic analysis, and 0.22% using the intercept (Figure 4.5). The SID Lys requirement for 

ADG was estimated at 1.07% using broken line analysis and 1.22% using quadratic analysis 

(Figure 4.6). The intercept of the fitted broken line and quadratic lines was 1.17% SID Lys. The 

SID Lys requirement for G:F was estimated at 1.11% using broken line analysis (Figure 4.7). 

The SID Lys requirement estimates for PUN were 1.10% using broken line analysis, 1.30% 

using quadratic analysis, and 1.15% using the intercept between the 2 lines (Figure 4.8). 

The summary of the requirement experiment using a corn-SBM diet demonstrated that an 

average of the broken line analyses for ADG and G:F was 1.16 (Table 4.11). The requirement in 

a corn-CGM-field pea diet was 0.19, 0.24, and 0.21% for Trp and 1.09, 1.26, and 1.16%for Lys 

using the average of the estimates of broken line, quadratic, and intercept analyses, respectively.  
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DISCUSSION 

 It is important to know the requirement of Lys to ensure the correct levels of AA in diets 

used in AA ratio experiments because Lys must be limiting in such diets. In many experiments, it 

is assumed that diets containing Lys below the requirement are used. These assumptions are 

based on NRC (1998) requirements, or results of previous research conducted within the 

laboratory to determine the Lys requirement in corn-SBM diets. In determination of AA ratios, 

semi-purified diets or diets containing exotic ingredients are often used to ensure that the 

concentration of the AA in question is low enough in the diet to properly titrate and determine 

the optimal ratio. When these diets or ingredients are used, performance may be reduced, hence, 

the Lys requirement may also be different from previous experiments. It is, therefore, important 

that the Lys requirement is determined in the same type of diet as the diet used to determine the 

AA:Lys ratio.   

The Lys requirement that was determined in the corn-SBM diet in Exp. 1 was used to test 

the effect of diet type in Exp. 2. Based on the responses obtained in Exp. 1, it was concluded that 

1.20% SID Lys was optimal in the corn-SBM diet. Subsequently, diets were formulated to 

determine if the Lys requirement was greater in diets containing corn and corn co-products rather 

than corn and SBM. When the SID Lys level was increased to 1.35%, pigs fed both co-product 

diets had greater performance than pigs fed these diets containing 1.20% SID Lys, with the corn-

CGM-field pea diet performing closest to the corn-SBM control. The reason ADG and G:F were 

improved for pigs fed the 2 diets with 1.35% SID Lys compared with the same diets with 1.20% 

SID Lys may be that both of these diets analyzed slightly less Lys than expected, so the 

concentration of SID Lys was likely less than calculated in all the diets containing corn co-

products. Nevertheless, the data indicate that the type of diet that is used influences the 
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determined requirement for Lys. It is also possible that the response to crystalline AA is different 

from the response to protein bound AA. Because pigs fed the corn-CGM-field pea diets had a 

better performance than pigs fed the corn-HP DDG diets, the corn-CGM-field pea diet was used 

to determine the Lys and Trp requirements in Exp. 3. 

Many statistical methods may be utilized to determine AA requirements, but the broken 

line analysis and the quadratic analysis are among the procedures most often used. Parr et al. 

(2003) suggested the subjective level of 90% of the asymptote of the quadratic fit as an estimate 

of the requirement for an AA for a population of pigs. It has also been suggested that the 

intercept between the broken line and the quadratic line may be used as an objective estimate for 

the requirement of an AA (Baker et al., 2002; Parr et al., 2003; Kerr et al., 2004). All 3 of these 

procedures were, therefore, used to estimate the Lys and Trp requirements in Exp. 3. 

If both linear and quadratic responses to the response criteria are obtained, the best 

representation for the requirement of an AA is obtained by calculating the intercept between the 

broken line and the quadratic line (Baker et al., 2002). In Exp. 3, both linear and quadratic 

responses to the addition of SID Trp to the diets were determined for ADG, G:F, and PUN. The 

intercept between the broken line and quadratic line could, therefore, be calculated and estimates 

for the requirement of SID Trp of 0.22, 0.20, and 0.22% were obtained for ADG, G:F, and PUN, 

respectively. The average of these values is 0.21% and we conclude, therefore, that the SID Trp 

requirement of 10 to 20 kg pigs fed a corn-CGM-field pea diet is 0.21%.  

The SID Trp requirement observed in Exp. 3 was slightly greater than the values of 

0.18% and 0.17% that were estimated by Guzik et al. (2002) and Fent et al. (2005), respectively. 

Likewise, NRC (1998) estimates the Trp requirement at 0.18% SID Trp, which is slightly less 

than the estimates determined in the current experiment. 
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If the data for the broken line analyses are averaged for ADG and G:F, the SID Lys 

requirement for 10 to 20 kg pigs is 1.24% in corn-SBM diets based on the results of Exp. 1. In 

the past, many experiments have been conducted to determine the Lys requirement in 10 to 20 kg 

pigs (NRC, 1998). Recently, Kendall et al. (2008) reported that the SID Lys requirement to 

maximize ADG and G:F in corn-SBM diets is 1.30% in 11 to 27 kg pigs if the break point 

analysis is used. It is however, not clear why we determined a lower requirement than Kendall et 

al. (2008), even when pigs were fed a corn-SBM diet and the broken line analysis was used. It is 

possible that different genetic lines have different requirements for Lys, and to our knowledge, 

the requirement for the genetic line used in the present experiment has not been reported. 

Nevertheless, the data from Kendall et al. (2008) as well as the present data indicate that the Lys 

requirement for 10 to 20 kg pigs is considerably greater than the current NRC requirement at 

1.01% SID Lys (NRC, 1998).  

However, the average requirement for SID Lys obtained using the broken line analysis 

for the corn-CGM-field pea diet (Exp. 3) was only 1.10%, which is much less than the 

requirement obtained in Exp. 1 using the same analysis. The reason for this observation is most 

likely that the ADG and G:F were improved for pigs fed the corn-SBM diet compared with pigs 

fed the corn-CGM-field pea diet as demonstrated in Exp. 2. 

Linear and quadratic responses to the addition of Lys to the diets used in Exp. 3 were 

obtained for ADG and PUN. The intercept for the broken line and quadratic line was, therefore, 

calculated for ADG and PUN, and the requirement estimates obtained from those calculations 

were 1.17 and 1.15% SID Lys, respectively. The average of these estimates is 1.16% SID Lys, 

which we believe is the requirement for 10 to 20 kg pigs fed a corn-CGM-field pea diet. 
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In this work, we attempted to determine the Lys requirement for 10 to 20 kg pigs using 2 

different diet types. We are not aware of other such attempts but results indicate that the 

requirement for Lys may be less if performance is reduced as it was in the corn-CGM-field pea 

diet compared with the corn-SBM diet. This observation indicates that care must be taken when 

diets used in AA requirement experiments are formulated.  

It is concluded that Genetiporc pigs between 10 and 20 kg have a requirement of SID Lys 

of at least 1.24% when they are fed a corn-SBM diet and kept under the conditions of this 

experiment. However, if they are fed a corn-CGM-field pea diet, they have a requirement of only 

1.16% SID Lys, and the requirement for SID Trp in this diet is 0.21%.  
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Table 4.1. Ingredient composition of experimental diets, Exp. 1 

 Standardized ileal digestible Lys, % 

 

1.00
 

1.10
 

1.20
 

1.30
 

1.40
 

Ground corn 41.59 41.59 41.59 41.59 41.59 

Soybean meal, 44% CP 35.01 35.01 35.01 35.01 35.01 

Lactose 15.00 15.00 15.00 15.00 15.00 

Choice white grease 3.00 3.00 3.00 3.00 3.00 

Dicalcium phosphate 1.41 1.41 1.41 1.41 1.41 

Ground limestone 0.71 0.71 0.71 0.71 0.71 

Salt 0.40 0.40 0.40 0.40 0.40 

Cornstarch 0.51 0.38 0.25 0.13 - 

L-Ile 0.10 0.10 0.10 0.10 0.10 

DL-Met 0.39 0.39 0.39 0.39 0.39 

L-Lys HCl - 0.13 0.25 0.38 0.51 

L-Thr 0.36 0.36 0.36 0.36 0.36 

L-Trp 0.06 0.06 0.06 0.06 0.06 

L-Val 0.16 0.16 0.16 0.16 0.16 
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Table 4.1 (cont.)      

Vitamin premix
1 

0.30 0.30 0.30 0.30 0.30 

Mecadox premix
2 

1.00 1.00 1.00 1.00 1.00 

1
 The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-

pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

2
 The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg.
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Table 4.2. Ingredient composition of experimental diets, Exp. 2
1 

 Corn-SBM
2 

Corn-CGM-Pea
2
  Corn-HP DDG

2
 

SID Lys, %
2 

1.20 1.20 1.35  1.20 1.35 

Ground corn 40.86 38.31 37.18  52.08 51.14 

SBM, 48% CP
2 

36.55 - -  - - 

HP DDG
2 

- - -  20.00 20.00 

CGM
2 

- 12.54 12.54  - - 

Field peas - 25.00 25.00  - - 

Lactose 15.00 15.00 15.00  15.00 15.00 

Choice white grease 3.00 3.00 3.00  3.00 3.00 

Dicalcium phosphate 1.40 1.35 1.36  1.28 1.28 

Ground limestone 0.85 1.12 1.12  1.18 1.18 

Salt 0.40 0.40 -  0.40 - 

Sodium bicarbonate - - 0.69  - 0.61 

Casein - - -  3.00 3.00 

L-Ile - 0.14 0.23  0.27 0.30 

DL-Met 0.20 0.22 0.32  0.26 0.29 
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Table 4.2 (cont.)       

L-Lys HCl 0.27 0.86 1.05  0.98 1.17 

L-Thr 0.16 0.33 0.43  0.38 0.44 

L-Trp - 0.11 0.14  0.15 0.18 

L-Val - 0.15 0.25  0.22 0.28 

L-His - 0.16 0.22  0.14 0.20 

L-Phe - - 0.17  0.18 0.35 

L-Arg - - -  0.19 0.28 

Vitamin premix
3 

0.30 0.30 0.30  0.30 0.30 

Mecadox premix
4 

1.00 1.00 1.00  1.00 1.00 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; corn gluten meal was sourced from Archer Daniels 

Midland, Decatur, IL. 

2
 CGM = corn gluten meal; HP DDG = high protein distillers dried grains; SBM = 

soybean meal; SID = standardized ileal digestible. 

3 
The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D- 
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pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

4
 The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg.  
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Table 4.3. Ingredient composition of experimental diets, Exp. 3 

 

Basal Trp Titration  Lys Titration 

Standardized ileal digestible Lys
 

1.40 1.40 1.40 1.40 1.40 1.40  1.27 1.14 1.01 0.88 0.75 

Standardized ileal digestible Trp
 

0.28 0.245 0.210 0.175 0.140 0.105  0.28 0.28 0.28 0.28 0.28 

Ground corn 37.01 37.01 37.01 37.01 37.01 37.01  37.01 37.01 37.01 37.01 37.01 

Corn gluten meal
 

12.54 12.54 12.54 12.54 12.54 12.54  12.54 12.54 12.54 12.54 12.54 

Field peas 25.00 25.00 25.00 25.00 25.00 25.00  25.00 25.00 25.00 25.00 25.00 

Lactose 15.00 15.00 15.00 15.00 15.00 15.00  15.00 15.00 15.00 15.00 15.00 

Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00  3.00 3.00 3.00 3.00 3.00 

Dicalcium phosphate 1.36 1.36 1.36 1.36 1.36 1.36  1.36 1.36 1.36 1.36 1.36 

Ground limestone 1.12 1.12 1.12 1.12 1.12 1.12  1.12 1.12 1.12 1.12 1.12 

Sodium bicarbonate 0.69 0.69 0.69 0.69 0.69 0.69  0.69 0.69 0.69 0.69 0.69 
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Table 4.3 (cont.)             

Cornstarch 0.33 0.36 0.40 0.43 0.47 0.50  0.49 0.66 0.82 0.99 1.15 

L-Ile 0.23 0.23 0.23 0.23 0.23 0.23  0.23 0.23 0.23 0.23 0.23 

DL-Met 0.32 0.32 0.32 0.32 0.32 0.32  0.32 0.32 0.32 0.32 0.32 

L-Lys HCl 1.11 1.11 1.11 1.11 1.11 1.11  0.95 0.78 0.62 0.45 0.29 

L-Thr 0.43 0.43 0.43 0.43 0.43 0.43  0.43 0.43 0.43 0.43 0.43 

L-Trp 0.18 0.15 0.11 0.08 0.04 0.01  0.18 0.18 0.18 0.18 0.18 

L-Val 0.25 0.25 0.25 0.25 0.25 0.25  0.25 0.25 0.25 0.25 0.25 

L-His 0.12 0.12 0.12 0.12 0.12 0.12  0.12 0.12 0.12 0.12 0.12 

Vitamin premix
2 

0.30 0.30 0.30 0.30 0.30 0.30  0.30 0.30 0.30 0.30 0.30 

Mecadox premix
3 

1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was sourced from Poet, LLC., Sioux Falls, 

SD; corn gluten meal was sourced from Archer Daniels Midland, Decatur, IL. 
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2 
The vitamin-micromineral premix provided the following quantities of vitamins and micro minerals per kilogram of complete 

diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 

IU; vitamin K as menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; riboflavin, 6.58 mg;  

pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin 

as nicotinamide, 1.0 mg, and nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as 

iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100  mg as zinc 

oxide. 

3
 The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5g carbadox per kg. At 1% inclusion, the 

concentration of carbadox in the complete diet was 55 mg/kg. 
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Table 4.4. Nutrient composition of diets, Exp. 1
1 

 Standardized ileal digestible Lys, % 

 

1.00
 

1.10
 

1.20
 

1.30
 

1.40
 

ME, kcal/kg
 

3,427 3,428 3,429 3,430 3,430 

Ca, %
 

0.74 0.74 0.74 0.74 0.74 

P, %
 

0.62 0.62 0.62 0.62 0.62 

Na, %
 

0.18 0.18 0.18 0.18 0.18 

CP, % 18.48 20.43 21.07 21.81 22.37 

Indispensable AA, %      

   Arg 1.25 1.39 1.41 1.45 1.49 

   His 0.47 0.53 0.54 0.56 0.57 

   Ile 0.90 0.99 1.03 1.07 1.10 

   Leu
 
 1.48 1.70 1.73 1.78 1.84 

   Lys
 
 1.08 1.28 1.41 1.45 1.69 

   Met 0.58 0.60 0.62 0.66 0.62 

   Phe
 
 0.93 1.03 1.04 1.07 1.10 

   Thr
 
 0.99 1.05 1.08 1.13 1.15 

   Trp
 
 0.30 0.32 0.30 0.31 0.31 

   Val 1.05 1.14 1.20 1.26 1.27 

Dispensable AA, %      

   Ala 0.87 0.95 1.01 1.00 1.04 

   Asp 1.87 2.07 2.09 2.17 2.22 

   Cys 0.25 0.27 0.28 0.30 0.31 
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Table 4.4 (cont.)      

   Glu 3.25 3.59 3.63 3.75 3.87 

   Gly 0.75 0.82 0.89 0.86 0.88 

   Pro 1.01 1.12 1.14 1.20 1.19 

   Ser 0.78 0.83 0.86 0.88 0.90 

   Tyr 0.60 0.66 0.68 0.71 0.72 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed. 
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Table 4.5. Nutrient composition of diets, Exp. 2
1 

 Corn-SBM 
2,3 

Corn-CGM-Pea 
2,3

  Corn-HP DDG 
2,3

 

SID Lys, %
2 

1.20 1.20 1.35  1.20 1.35 

ME, kcal/kg
 

3,425 3,481 3,470  3,706 3,700 

Ca, %
 

0.80 0.80 0.80  0.80 0.80 

P, %
 

0.63 0.52 0.52  0.48 0.48 

Na, %
 

0.18 0.17 0.20  0.19 0.20 

CP, % 20.90 17.29 17.58  14.76 16.31 

Indispensable AA, %       

   Arg 1.37 0.82 0.83  0.62 0.72 

   His 0.51 0.47 0.53  0.42 0.51 

   Ile 0.83 0.70 0.78  0.69 0.80 

   Leu 1.56 1.81 1.82  1.40 1.60 

   Lys 1.29 1.20 1.34  1.16 1.31 

   Met 0.45 0.46 0.54  0.44 0.52 

   Phe 0.98 0.84 1.00  0.74 0.98 

   Thr 0.98 0.81 0.85  0.74 0.90 
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Table 4.5 (cont.)       

   Trp 0.27 0.22 0.30  0.27 0.30 

   Val 0.93 0.84 0.94  0.80 0.89 

Dispensable AA, %       

   Ala 0.93 1.03 1.04  0.78 0.89 

   Asp 1.99 1.16 1.17  0.78 0.86 

   Cys 0.29 0.26 0.26  0.21 0.23 

   Glu 3.38 2.71 2.75  2.13 2.39 

   Gly 0.81 0.54 0.54  0.39 0.44 

   Pro 1.15 1.18 1.19  1.12 1.28 

   Ser 0.97 0.75 0.76  0.60 0.67 

   Tyr 0.43 0.35 0.41  0.23 0.31 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed. 

2 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; high protein 

distillers dried grains was sourced from Poet, LLC., Sioux Falls, SD; corn gluten meal was 

sourced from Archer Daniels Midland, Decatur, IL. 

3 
SID = standardized ileal digestibility; CGM = corn gluten meal, HP DDG = high protein 

distillers dried grains, SBM = soybean meal.
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Table 4.6. Nutrient composition of diets, Exp. 3
1 

 

Positive 

control 

Trp Titration  Lys Titration 

SID Lys
2 

1.40 1.40 1.40 1.40 1.40 1.40  1.27 1.14 1.01 0.88 0.75 

SID Trp
2 

0.28 0.245 0.210 0.175 0.140 0.105  0.28 0.28 0.28 0.28 0.28 

ME, kcal/kg
 

3,474 3,473 3,472 3,471 3,470 3,470  3,473 3,472 3,471 3,470 3,469 

Ca, %
 

0.80 0.80 0.80 0.80 0.80 0.80  0.80 0.80 0.80 0.80 0.80 

P, %
 

0.52 0.52 0.52 0.52 0.52 0.52  0.52 0.52 0.52 0.52 0.52 

Na, %
 

0.20 0.20 0.20 0.20 0.20 0.20  0.20 0.20 0.20 0.20 0.20 

CP, % 18.06 17.77 17.76 17.31 18.10 17.04  24.88 17.31 17.29 16.94 16.96 

Indispensable AA, %             

   Arg 0.82 0.83 0.81 0.82 0.84 0.84  0.83 0.83 0.87 0.91 0.82 

   His 0.44 0.45 0.45 0.43 0.46 0.45  0.50 0.49 0.52 0.45 0.44 
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Table 4.6 (cont.)             

   Ile 0.78 0.79 0.80 0.76 0.81 0.80  0.87 0.86 0.91 0.80 0.82 

   Leu 1.84 1.83 1.85 1.78 1.89 1.83  1.88 1.93 2.00 1.89 1.90 

   Lys 1.35 1.41 1.40 1.35 1.42 1.39  1.38 1.24 1.18 0.91 0.78 

   Met 0.53 0.54 0.56 0.53 0.55 0.54  0.51 0.57 0.56 0.58 0.56 

   Phe 0.84 0.84 0.84 0.82 0.86 0.84  0.85 0.86 0.89 0.87 0.87 

   Thr 0.91 0.94 0.90 0.90 0.93 0.94  0.90 0.89 0.91 0.94 0.92 

   Trp 0.32 0.25 0.24 0.23 0.20 0.15  0.27 0.31 0.31 0.30 0.31 

   Val 0.88 0.93 0.95 0.92 0.99 0.93  0.99 1.03 1.03 0.96 0.97 

Dispensable AA, %             

   Ala 1.05 1.04 1.05 1.01 1.08 1.04  1.06 1.07 1.14 1.07 1.07 

   Asp 1.16 1.17 1.17 1.14 1.20 1.18  1.20 1.20 1.25 1.19 0.19 



 

 

7
6
 

Table 4.6 (cont.)             

   Cys 0.26 0.26 0.26 0.26 0.27 0.26  0.23 0.25 0.24 0.26 0.27 

   Glu 2.73 2.72 2.75 2.65 2.81 2.72  2.86 2.91 3.06 2.79 2.80 

   Gly 0.54 0.53 0.53 0.52 0.55 0.54  0.58 0.56 0.63 0.55 0.54 

   Pro 1.18 1.17 1.18 1.14 1.21 1.15  1.05 1.10 1.17 1.19 1.21 

   Ser 0.76 0.76 0.76 0.74 0.77 0.76  0.61 0.65 0.72 0.77 0.77 

   Tyr 0.40 0.39 0.36 0.35 0.37 0.37  0.60 0.62 0.64 0.43 0.42 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values were analyzed. 

2 
SID = standardized ileal digestibility. 
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Table 4.7. Growth performance of pigs fed corn-soybean  meal diets with increasing 

concentrations of Lys, Exp. 1 

 Standardized ileal digestible Lys, %  P – value 

 

1.00
 

1.10
 

1.20
 

1.30
 

1.40
 

SEM Linear Quadratic 

Initial BW, kg 10.30 10.21 10.07 9.71 10.13 0.27 0.34 0.43 

Final BW, kg 20.08 20.49 20.72 20.08 20.71 0.63 0.67 0.86 

ADG, g/d 515 541 561 567 559 16.12 0.04 0.18 

ADFI, g/d 757 768 775 757 756 19.39 0.82 0.50 

G:F 0.68
 

0.71
 

0.72
 

0.75
 

0.74
 

0.01 < 0.001 0.14 
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Table 4.8. Growth performance of pigs fed experimental diets, Exp. 2
1 

 

Corn-SBM
2 

Corn-CGM-Pea
2
  Corn-HP DDG

2
   

SID Lys, %
2 

1.20 1.20  1.35  1.20 1.35 SEM P - value 

Initial BW, kg 10.46 10.26 10.03  10.46 10.38 0.35 0.89 

Final BW, kg 23.41
a 

20.10
b 

20.48
b 

 20.10
b
 20.73

b
 0.56 0.004 

ADG, g/d 616
a 

468
c 

525
b 

 459
c 

493
bc 

15.22 < 0.001 

ADFI, g/d 870 852 843  886
 

877 24.49 0.72 

G:F 0.71
a 

0.55
cd 

0.62
b 

 0.52
d 

0.56
c 

0.01 < 0.001 

a-d 
Means within a row lacking a common superscript letter are different (P < 0.05). 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; HP DDG was 

sourced from Poet, LLC., Sioux Falls, SD; CGM was sourced from Archer Daniels Midland, 

Decatur, IL. 

2 
SID = standardized ileal digestible; SBM = soybean meal; CGM = corn gluten meal; HP 

DDG = high protein distillers dried grains.
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Table 4.9. Growth performance of pigs fed decreasing concentrations of Trp, Exp. 3
 

 

Positive 

control 

Trp Titration  P – value 

SID Lys
1 

1.40 1.40 1.40 1.40 1.40 1.40    

SID Trp
1 

0.28 0.245 0.210 0.175 0.140 0.105 SEM Linear Quadratic 

Initial BW, kg 10.32 10.31 10.31 10.29 10.05 10.34 0.38 0.83 0.89 

Final BW, kg 20.18 19.80 19.27 18.12 14.60 11.86 0.60 < 0.001 < 0.001 

ADG, g/d 520
 

502
 

474
 

414
 

247
 

81
 

19 < 0.001 < 0.001 

ADFI, g/d 883
 

846
 

858
 

812
 

614
 

523
 

43 < 0.001 0.007 

G:F 0.59
 

0.60
 

0.55
 

0.52
 

0.41
 

0.17
 

0.03 < 0.001 < 0.001 

PUN, mg/dl
1 

5.00
 

5.00
 

5.00
 

7.81
 

12.69
 

16.25
 

0.64 < 0.001 < 0.001 

1 
SID = standardized ileal digestible; PUN = plasma urea nitrogen. 
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Table 4.10. Growth performance of pigs fed decreasing concentrations of Lys, Exp. 3
 

 

Positive 

control 

Lys Titration  P – value 

SID Lys
1 

1.40 1.27 1.14 1.01 0.88 0.75    

SID Trp
1 

0.28 0.28 0.28 0.28 0.28 0.28 SEM Linear Quadratic 

Initial BW, kg 10.32 10.02 10.04 10.31 10.04 10.31 0.41 0.95 0.66 

Final BW, kg 20.18 19.36 19.63 19.60 17.87 17.26 0.66 0.002 0.26 

ADG, g/d 520
 

509
 

521
 

491
 

429
 

371
 

22 < 0.001 0.01 

ADFI, g/d 883
 

882
 

903
 

906
 

865
 

833
 

42 0.40 0.31 

G:F 0.59
 

0.58
 

0.58
 

0.55
 

0.50
 

0.45
 

0.02 < 0.001 0.09 

PUN, mg/dl
1 

5.00
 

5.00
 

6.00
 

8.44
 

10.63
 

16.06
 

0.50 < 0.001 < 0.001 

1 
SID = standardized ileal digestible; PUN = plasma urea nitrogen. 
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Table 4.11. Summary of the SID Lys and Trp requirements determined by broken line, quadratic 

line, and intercept of broken and quadratic lines 
 

Response criteria Broken line 

Maximum 

quadratic line 

Intercept of broken 

line and quadratic line 

Exp. 1 Lys requirement    

   ADG 1.18 - - 

   G:F 1.29 - - 

Average, Exp. 1 1.24 - - 

Exp. 3 Lys requirement    

   ADG 0.19 0.25 0.22 

   G:F 0.18 0.22 0.20 

   PUN
1 

0.20 0.25 0.22 

Average, Exp. 3 Lys 0.19 0.24 0.21 

Exp. 3 Trp requirement    

   ADG 1.07 1.22 1.17 

   G:F 1.11 - - 

   PUN
1 

1.10 1.30 1.15 

Average, Exp. 3 Trp 1.09 1.26 1.16 

1 
PUN = plasma urea nitrogen. 
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Figure 4.1. Fitted broken line of ADG plotted against standardized ileal digestible Lys (Exp. 1). 

Treatment means (�) are displayed, and are means of 8 replicated pens per treatment. The 

standardized ileal digestible Lys requirement was 1.18 ± 0.12% as determined by broken line 

analysis (plateau = 562; slope below breakpoint = 265; R
2
 = 0.16). 
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Figure 4.2. Fitted broken line of G:F plotted against standardized ileal digestible Lys (Exp. 1). 

Treatment means (�) are displayed, and are means of 8 replicated pens per treatment. The 

standardized ileal digestible Lys requirement was 1.29 ± 0.08% as determined by broken line 

analysis (plateau = 0.74; slope below breakpoint = 0.22; R
2
 = 0.42). 
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Figure 4.3. Fitted broken line and quadratic plot of ADG plotted against standardized ileal 

digestible Trp (Exp. 3). Treatment means (�) are displayed, and are means of 8 replicated pens 

per treatment. The standardized ileal digestible Trp requirement was 0.19 ± 0.01% as determined 

by broken line analysis (plateau = 499; slope below breakpoint = 4719; R
2
 = 0.90). Quadratic 

analysis was also conducted on these data and fitted to: Y = -17432x
2
 + 9056x – 654 (R

2 
= 0.89). 

The standardized ileal digestible Trp requirement was 0.25 ± 0.01% analyzed by the quadratic 

method. The intercept at which the quadratic analysis meet the plateau of the broken line analysis 

is at 0.22% standardized ileal digestible Trp. 
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Figure 4.4. Fitted broken line and quadratic plot of G:F plotted against standardized ileal 

digestible Trp (Exp. 3). Treatment means (�) are displayed, and are means of 8 replicated pens 

per treatment. The standardized ileal digestible Trp requirement was 0.18 ± 0.01% as determined 

by broken line analysis (plateau = 0.58; slope below breakpoint = 5.05; R
2
 = 0.77). Quadratic 

analysis was also conducted on these data and fitted to: Y = -20.22x
2
 + 9.86x – 0.59 (R

2 
= 0.90). 

The standardized ileal digestible Trp requirement was 0.22 ± 0.02% analyzed by the quadratic 

method. The intercept at which the quadratic analysis meet the plateau of the broken line analysis 

is at 0.20% standardized ileal digestible Trp. 
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Figure 4.5. Fitted broken line and quadratic plot of PUN plotted against standardized ileal 

digestible Trp (Exp. 3). Treatment means (�) are displayed, and are means of 8 replicated pens 

per treatment. The standardized ileal digestible Trp requirement was 0.20 ± 0.01% as determined 

by broken line analysis (plateau = 5; slope below breakpoint = -119; R
2
 = 0.86). Quadratic 

analysis was also conducted on these data and fitted to: Y = 500x
2
 – 256x + 37 (R

2 
= 0.84). The 

standardized ileal digestible Trp requirement was 0.25 ± 0.02% analyzed by the quadratic 

method. The intercept at which the quadratic analysis meet the plateau of the broken line analysis 

is at 0.22% standardized ileal digestible Trp.
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Figure 4.6. Fitted broken line and quadratic plot of ADG plotted against standardized ileal 

digestible Lys (Exp. 3). Treatment means (�) are displayed, and are means of 8 replicated pens 

per treatment. The standardized ileal digestible Lys requirement was 1.07 ± 0.06% as determined 

by broken line analysis (plateau = 517; slope below breakpoint = 462; R
2
 = 0.47). Quadratic 

analysis was also conducted on these data and fitted to: Y = -559x
2
 + 1426x – 386 (R

2 
= 0.44). 

The standardized ileal digestible Lys requirement was 1.22 ± 0.13% analyzed by the quadratic 

method. The intercept at which the quadratic analysis meet the plateau of the broken line analysis 

is at 1.17% standardized ileal digestible Lys.  
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Figure 4.7. Fitted broken line of G:F plotted against standardized ileal digestible Lys (Exp. 3). 

Treatment means (�) are displayed, and are means of 8 replicated pens per treatment. The 

standardized ileal digestible Lys requirement was 1.11 ± 0.09% as determined by broken line 

analysis (plateau = 0.59; slope below breakpoint = 0.38; R
2
 = 0.42). 
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Figure 4.8. Fitted broken line and quadratic plot of PUN plotted against standardized ileal 

digestible Lys (Exp. 3). Treatment means (�) are displayed, and are means of 8 replicated pens 

per treatment. The standardized ileal digestible Lys requirement was 1.10 ± 0.03% as determined 

by broken line analysis (plateau = 5.33; slope below breakpoint = -29.33; R
2
 = 0.88). Quadratic 

analysis was also conducted on these data and fitted to: Y = 34x
2
 – 89x + 63 (R

2 
= 0.89). The 

standardized ileal digestible Lys requirement was 1.30 ± 0.05% analyzed by the quadratic 

method. The intercept at which the quadratic analysis meet the plateau of the broken line analysis 

is at 1.15% standardized ileal digestible Lys.  
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CHAPTER 5 

LIMITING AA IN DIETS BASED ON CORN AND CORN CO-PRODUCTS FED TO 10-

20 KG PIGS 

 

ABSTRACT: Three experiments were conducted to determine if Lys and Trp are limiting in 

diets based on corn, corn gluten meal (CGM), and field peas or corn and high protein distillers 

dried grains (HP DDG). In all experiments, a basal diet was formulated to contain 1.10% 

standardized ileal digestible (SID) Lys and 0.19% SID Trp. In Exp. 1, the basal diet was based 

on corn, CGM, and field peas. Three additional diets were formulated in which either Lys or Trp 

or both Lys and Trp were reduced to 0.85 and 0.10%, respectively. In Exp. 2, the basal diet was 

based on corn and HP DDG. Three additional diets were formulated in which either Lys or Trp 

or both Lys and Trp were reduced to 0.85 and 0.10%, respectively. In Exp. 3, a corn-CGM-field 

pea basal diet was formulated to contain 1.10% SID Lys and an additional diet was formulated to 

contain 0.85% SID Lys. In Exp. 1, pigs fed reduced levels of Trp had less (P < 0.05) ADG, 

ADFI, and G:F than pigs fed adequate levels of Trp. Pigs fed a reduced level of Lys had greater 

(P < 0.05) ADG and ADFI than pigs fed the diet containing 1.10% SID Lys, however, G:F was 

not affected (P < 0.05) by the concentration of Lys in the diet. In Exp. 2, pigs fed diets with 

reduced concentration of Trp had less (P < 0.05) ADG, ADFI, and G:F and greater (P < 0.05) 

concentration of plasma urea nitrogen (PUN) than pigs fed diets with adequate levels of Trp. 

Reducing Lys had no effect on growth performance, but PUN was less (P < 0.05) in pigs fed 

diets with a greater level of Lys. In Exp. 3, pigs fed the diet containing 1.10% SID Lys level had 

less (P < 0.05) PUN than pigs fed the diet containing 0.85% Lys. In conclusion, based on results 
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for PUN, Lys and Trp were confirmed to be the limiting AA in diets based on corn, CGM, and 

field peas or corn and HP DDG. 

Key words: corn, corn gluten meal, high protein distillers dried grains, field peas, pigs, Trp:Lys 

ratio 

INTRODUCTION 

 Many experiments have been conducted to determine the optimal Trp:Lys ratio in diets 

fed to pigs, but results of these experiments have been inconclusive and Trp:Lys ratios for 10 to 

20 kg pigs between 15.0 and 19.9% have been reported (Htoo et al., 2010; Ma et al., 2010). This 

variation may be due to differences in statistical data analyses, differences in measured response 

criteria, and differences in diet composition. It is also possible that the concentrations of Trp and 

Lys in the diets used in some of these experiments have been such that accurate determination of 

the Trp:Lys ratio was precluded. It is therefore, important that the diets used in such experiments 

be carefully formulated and evaluated.  

Diets used to determine ideal AA ratios should be limiting only in Lys and the AA for 

which a ratio will be determined (Van Cauwenberghe and Relandeau, 2000). Excesses of Lys are 

not retained and will not be used for growth (Susenbeth and Lucanus, 2005). Because Lys is in 

the denominator of the equation used to calculate the ideal AA:Lys ratio and because excess Lys 

will not result in growth, the subsequent ratio will be underestimated if Lys concentration is 

above the requirement for some animals in the population. It is, therefore, important to determine 

that diets used to determine the ideal Trp to Lys ratio are limiting both in Trp and Lys. The 

current experiments were conducted to test the hypothesis that diets based on corn, corn gluten 

meal (CGM), and field peas or corn and high protein distillers dried grains (HP DDG) that were 
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developed in previous experiments are limiting in both Trp and Lys. If that is the case, these 

diets may be used in experiments to determine the ideal Trp:Lys ratio. 

 

MATERIALS AND METHODS 

Animals, Housing, and Experimental Design 

The experimental protocols were reviewed and approved by the Institutional Animal Care 

and Use Committee at the University of Illinois. Three experiments were conducted using corn 

and HP DDG or corn, field peas, and CGM. Each experiment used pigs derived from the matings 

of G-Performer boars and Fertilis 25 sows (Genetiporc, Alexandria, MN). Diets in all 

experiments were formulated based on values for AA digestibility that had been determined in a 

previous experiment using the same batches of each ingredient as used in these experiments 

(Chapter 3). 

Experiment 1 

Experiment 1 was conducted to determine if Lys and Trp are limiting in a diet based on 

corn, CGM, and field peas. A control diet was formulated to contain 1.10% standardized ileal 

digestible (SID) Lys and 0.19% SID Trp (Tables 5.1 and 5.4). This diet contained 0.73% L-Lys 

HCl and 0.09% L-Trp. Other indispensable AA were included at concentrations calculated to 

meet the ideal AA profile (Baker, 1997). Three additional diets were formulated by reducing the 

concentration of Lys, the concentration of Trp, or the concentration of both Lys and Trp in the 

diets. The reductions of Lys and Trp in the diets were accomplished by reducing the 

concentration of L-Lys HCL to 0.41%, or by eliminating the L-Trp in the diet. This resulted in 

diets containing 0.85% SID Lys or 0.10% SID Trp. The concentration of all other AA in these 

diets was similar to the concentration in the control diet. A total of 100 pigs were allotted to a 
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randomized complete block design with weight and sex as blocking factors and 5 pigs per pen 

(initial BW: 10.81 ± 1.41 kg) and 5 pen replicates per diet. Pigs were housed in pens (1.22 × 1.37 

m) that had fully slatted plastic floors with a feeder and a nipple drinker installed in each pen. 

Pigs were fed experimental diets for 24 d and BW were recorded at the beginning and at the end 

of the experiment. Feed allotments were recorded every time feed was added to the feeder and 

left-over feed was recorded at the conclusion of the experiment. At the conclusion of the 

experiment, data were summarized to calculate ADG, ADFI, and average G:F for each pen and 

treatment group.  

Experiment 2 

Experiment 2 was conducted to determine if Lys and Trp are limiting in a diet based on 

corn and HP DDG. A control diet was formulated to contain 1.10% SID Lys and 0.19% SID Trp 

(Tables 5.2 and 5.5). This diet contained 0.70% L-Lys HCl and 0.09% L-Trp. All other 

indispensable AA were included at concentrations needed to meet the ideal AA profile (Baker, 

1997). Two additional diets were formulated by reducing the concentration of L-Lys HCl by 

0.32%, or by eliminating L-Trp, resulting in diets containing 0.85% SID Lys or 0.10% SID Trp. 

In the last diet, both Lys and Trp were reduced to 0.85 and 0.10%, respectively. The 

concentration of all AA except Lys and Trp were similar in all 4 diets. A total of 100 pigs were 

allotted to a randomized complete block design with weight and sex as the blocking factors. 

There were 5 pigs per pen (initial BW: 9.46 ± 0.80 kg) and 5 pen replicates per diet. Pigs were 

housed in pens (1.22 × 1.37 m) that had fully slatted plastic floors and a feeder and a nipple 

drinker were installed in each pen. Pigs were fed experimental diets for 23 d and BW and feeder 

weights with left over feed were weighed at the conclusion of the experiment. Feed was weighed 

every time feed was added to the feeder. On the last d of the experiment, 2 average-sized 
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pigs/pen were bled via jugular venipuncture in heparinized tubes, and blood samples stored on 

ice until centrifuged (2000 rpm at 5°C for 15 min) and plasma was harvested and analyzed for 

plasma urea nitrogen (PUN) immediately after centrifugation.  At the conclusion of the 

experiment, data were summarized to calculate ADG, ADFI, and average G:F. 

Experiment 3 

Experiment 3 was conducted to determine if dietary Lys is limiting in the corn-CGM-

field pea diet using ADG, G:F, and PUN as indicators. A control diet was formulated to contain 

1.10% SID Lys and 0.19% SID Trp (Tables 5.3 and 5.6). This diet was similar to the control diet 

used in Exp. 1. An additional diet was formulated by reducing the concentration of Lys by 0.25% 

SID Lys to obtain a diet containing 0.85% SID Lys and 0.19% SID Trp. To ensure an adequate 

supply of all other indispensable AA in both diets, the diets were formulated to contain 100% of 

the indispensable AA required for 10 to 20 kg pigs based on the ideal AA profile (Baker, 1997) 

at the highest SID Lys inclusion (1.10% SID Lys). There were 7 pigs per pen in 4 replications 

and 6 pigs per pen in 1 replication for a total of 5 replications per treatment. Pigs were housed in 

pens (1.22 × 1.22 m) that had expanded metal floors with a feeder and a nipple drinker in each 

pen. Pigs were fed experimental diets for 17 d  and BW were recorded at the start and the 

conclusion of the experiment. Feeder weights with left-over feed were also recorded at the 

conclusion of the experiment. Daily feed allotments were recorded as well. Two pigs per pen 

were bled on the last d of the experiment via jugular venipuncture into heparinized tubes as 

explained for Exp. 2. At the conclusion of the experiment, data were summarized to calculate 

ADG, ADFI, and average G:F.  
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Chemical Analyses 

All diets and ingredients were analyzed for CP (method 990.03; AOAC Int., 2007) and 

AA. Amino acids were analyzed on a Hitachi Amino Acid Analyzer, Model No. L8800 (Hitachi 

High Technologies America, Inc.; Pleasanton, CA, U.S.) using ninhydrin for postcolumn 

derivatization and norleucine as the internal standard. Prior to analysis, samples were hydrolyzed 

with 6 N HCl for 24 h at 110°C (method 982.30 E(a); AOAC Int., 2007). Methionine and Cys 

were determined as Met sulfone and cysteic acid after cold performic acid oxidation overnight 

before hydrolysis (method 982.30 E(b); AOAC Int., 2007). Tryptophan was determined after 

NaOH hydrolysis for 22 h at 110°C (method 982.30 E(c); AOAC Int., 2007). Blood samples 

were analyzed for PUN on an Olympus AU680 Chemistry Analyzer (Olympus Life Science 

Research Europa GmbH, Sauerbruchstr. Munich, Germany).  

Statistical Analyses 

 In all experiments, data were analyzed using the MIXED procedure (SAS Institute Inc., 

Cary, NC). An analysis of variance was conducted with diet as fixed and pen and replication as 

random effects.  Treatment means were calculated using the Least Square Means test and 

separated using the PDIFF option. Pen was used as the experimental unit, and an alpha level of 

0.05 was used to designate significance among treatments. 

 

RESULTS 

Experiment 1  

In Exp. 1, pigs fed adequate levels of both SID Lys and Trp (1.10 and 0.19%, 

respectively) had greater (P < 0.05) final BW, ADG, ADFI, and GF than pigs fed diets 

containing 0.10% SID Trp (Table 5.7). Pigs fed a reduced level of Lys, but adequate level of SID 
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Trp, had greater (P < 0.05) ADG and ADFI than pigs fed adequate levels of SID Lys and Trp. 

Final BW and G:F was not different for pigs fed 1.10 and 0.85% SID Lys. No differences were 

observed for initial BW. 

Experiment 2  

In Exp. 2, pigs fed the adequate level of SID Trp (0.19%) had greater (P < 0.05) final 

BW, ADG, ADFI, and G:F than pigs fed a diet containing 0.10% SID Trp (Table 5.8). Pigs fed a 

reduced level of SID Lys, but adequate level of SID Trp had final BW that was not different 

from that of pigs fed the adequate diet, however, greater than (P < 0.05) pigs fed reduced levels 

of SID Trp. There were no differences in initial BW among treatments. Pigs fed adequate levels 

of both Lys and Trp had less (P < 0.05) PUN than pigs fed a reduced level of either SID Lys, 

SID Trp, or both SID Lys and SID Trp. Additionally, pigs fed a reduced level of SID Lys, but 

adequate SID Trp level had less (P < 0.05) PUN than pigs fed diets with reduced SID Trp. 

Experiment 3 

In Exp. 3, initial BW, final BW, and ADG did not differ between treatments. Pigs fed an 

adequate level of SID Lys had greater (P < 0.05) ADFI and less (P < 0.05) G:F than pigs fed the 

reduced level of SID Lys. However, pigs fed a reduced level of SID Lys had greater (P < 0.05) 

PUN than pigs fed an adequate level of SID Lys.  

 

DISCUSSION 

 Levels of SID Lys and SID Trp in the 2 control diets were chosen based on previously 

conducted experiments indicating that pigs fed diets based on corn-CGM-field pea or corn-HP 

DDG, obtained performance close to that of pigs fed a standard corn-soybean meal diet. The 

level of SID Lys needed to maximize ADG was determined to be between 1.07 and 1.17% SID 
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Lys in a previous experiment (Chapter 4). The control diets used in the present experiment were, 

therefore, formulated to contain 1.10% SID Lys.  

 It was surprising that pigs fed the diets with reduced concentrations of SID Lys did not 

have a decrease in ADG compared with pigs fed the control diets. In Exp. 1, pigs fed the low-

SID Lys diet had an increase in ADFI, which may explain why no decrease in ADG was 

observed. However, there was no change in ADFI between Lys levels in Exp. 2, and it is not 

clear why ADG was not reduced for pigs fed the diet with 0.85% SID Lys.  

 Plasma urea nitrogen may be used  in short term experiments to estimate dietary AA 

requirements in pigs at a specific BW and is a rapid and efficient method for evaluating protein 

quality (Eggum, 1970; Coma et al., 1995; Oliver and Miles, 2010). As the CP of a diet increases, 

the urea nitrogen in the blood will also increase, and if the CP content of a diet is held constant, 

but protein quality is decreased, urea concentration in the blood will increase (Eggum, 1970). 

Increases in concentrations of PUN are, therefore, expected if 1 or more AA are fed below the 

requirement of the animals.  

 As demonstrated in Exp. 2 and Exp. 3, it is possible that PUN values can change without 

a change in values for ADG. Values for PUN, therefore seem to be more sensitive to changes in 

the protein status of pigs than values for ADG or G:F, and PUN values may be the best 

indicators of AA requirements.  

There were differences in PUN data for both Exp. 2 and 3, indicating that the low Lys 

diet had inadequate SID Lys to support maximum protein synthesis. It is, therefore, possible that 

the reason ADG was not reduced in pigs fed the low Lys diets may be that the extra AA 

supplementation resulted in an increased fat deposition and, therefore, no reduction in ADG (Le 

Belego et al., 2001). 
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In both diet types, the reduced concentrations of Trp reduced ADG, G:F, and PUN. There 

is, therefore, no doubt that the levels of Trp chosen in these diets were well below the 

requirements of the pigs. 

In conclusion, results of these experiments indicate that the diets containing 0.85% SID 

Lys and 0.10% SID Trp are limiting in SID Lys and SID Trp. The limitation in Trp will result in 

reductions in pig growth performance, whereas the limitations in SID Lys will result in 

reductions in PUN.
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Table 5.1. Ingredient composition of experimental diets, Exp. 1
1 

 Diet 

Standardized ileal digestible Lys
 

1.10% 0.85% 1.10% 0.85% 

Standardized ileal digestible Trp
 

0.19% 0.19% 0.10% 0.10% 

Ground corn 38.55 38.55 38.55 38.55 

Corn gluten meal
 

12.54 12.54 12.54 12.54 

Field peas 25.00 25.00 25.00 25.00 

Lactose 15.00 15.00 15.00 15.00 

Dicalcium phosphate 1.35 1.35 1.35 1.35 

Ground limestone 1.13 1.13 1.13 1.13 

Sodium bicarbonate 0.69 0.69 0.69 0.69 

L-Ile 0.08 0.08 0.08 0.08 

DL-Met 0.16 0.16 0.16 0.16 

L-Lys HCl 0.73 0.41 0.73 0.41 

L-Thr 0.27 0.27 0.27 0.27 

L-Trp 0.09 0.09 - - 

L-Val 0.08 0.08 0.08 0.08 
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Table 5.1 (cont.)     

L-His 0.03 0.03 0.03 0.03 

Cornstarch - 0.32 0.09 0.41 

Choice white grease 3.00 3.00 3.00 3.00 

Vitamin micromineral premix
2 

0.30 0.30 0.30 0.30 

Mecadox premix
3 

1.00 1.00 1.00 1.00 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; corn gluten meal 

was sourced from Archer Daniels Midland, Decatur, IL. 

2 
The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-

pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

3 
The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5 g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg.  
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Table 5.2. Ingredient composition of experimental diets, Exp. 2
1 

 Diet 

Standardized ileal digestible Lys
 

1.10% 0.85% 1.10% 0.85% 

Standardized ileal digestible Trp
 

0.19% 0.19% 0.10% 0.10% 

Ground corn 52.34 52.34 52.34 52.34 

High protein distillers dried grains
 

20.00 20.00 20.00 20.00 

Casein 4.00 4.00 4.00 4.00 

Lactose 15.00 15.00 15.00 15.00 

Dicalcium phosphate 1.23 1.23 1.23 1.23 

Ground limestone 1.19 1.19 1.19 1.19 

Sodium bicarbonate 0.61 0.61 0.61 0.61 

L-Ile 0.11 0.11 0.11 0.11 

DL-Met 0.09 0.09 0.09 0.09 

L-Lys HCl 0.77 0.45 0.77 0.45 

L-Thr 0.22 0.22 0.22 0.22 

L-Trp 0.09 0.09 - - 

L-Val 0.05 0.05 0.05 0.05 
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Table 5.2 (cont.)     

Cornstarch - 0.32 0.09 0.41 

Choice white grease 3.00 3.00 3.00 3.00 

Vitamin micromineral premix
2 

0.30 0.30 0.30 0.30 

Mecadox premix
3 

1.00 1.00 1.00 1.00 

1 
High protein distillers dried grains were sourced from Poet, LLC., Sioux Falls, SD. 

2 
The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-

pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

3 
The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5 g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg. 
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Table 5.3. Ingredient composition of experimental diets, Exp. 3
1 

 Diet 

Standardized ileal digestible Lys
 

1.10% 0.85% 

Standardized ileal digestible Trp
 

0.19% 0.19% 

Ground corn 38.55 38.55 

Corn gluten meal
 

12.54 12.54 

Field peas 25.00 25.00 

Lactose 15.00 15.00 

Dicalcium phosphate 1.35 1.35 

Ground limestone 1.13 1.13 

Sodium bicarbonate 0.69 0.69 

L-Ile 0.08 0.08 

DL-Met 0.16 0.16 

L-Lys HCl 0.73 0.41 

L-Thr 0.27 0.27 

L-Trp 0.19 0.19 

L-Val 0.08 0.08 
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Table 5.3 (cont.)   

L-His 0.03 0.03 

Cornstarch - 0.32 

Choice white grease 3.00 3.00 

Vitamin micromineral premix
2 

0.30 0.30 

Mecadox premix
3 

1.00 1.00 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; high protein 

distillers dried grains were sourced from Poet, LLC., Sioux Falls, SD; corn gluten meal was 

sourced from Archer Daniels Midland, Decatur, IL. 

2 
The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-

pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

3 
The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5 g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg. 
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Table 5.4. Nutrient composition of diets, Exp. 1
1 

 Diet 

Standardized ileal digestible Lys
 

1.10% 0.85% 1.10% 0.85% 

Standardized ileal digestible Trp
 

0.19% 0.19% 0.10% 0.10% 

ME, kcal/kg
 

3,472 3,470 3,470 3,468 

Ca, %
 

0.80 0.80 0.80 0.80 

P, %
 

0.52 0.52 0.52 0.52 

Na, %
 

0.20 0.20 0.20 0.20 

CP, % 15.53 15.53 15.39 16.15 

Indispensable AA, %     

   Arg 0.77 0.80 0.78 0.77 

   His 0.34 0.37 0.35 0.36 

   Ile 0.63 0.68 0.63 0.66 

   Leu 1.56 1.70 1.56 1.74 

   Lys 1.16 0.95 1.15 0.89 

   Met 0.38 0.40 0.41 0.41 

   Phe 0.72 0.78 0.73 0.78 

   Thr 0.67 0.74 0.72 0.75 

   Trp 0.20 0.21 0.13 0.14 

   Val 0.72 0.78 0.73 0.77 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed.  
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Table 5.5. Nutrient composition of diets, Exp. 2
1 

 Diet 

Standardized ileal digestible Lys
 

1.10% 0.85% 1.10% 0.85% 

Standardized ileal digestible Trp
 

0.19% 0.19% 0.10% 0.10% 

ME, kcal/kg
 

3,747 3,745 3,745 3,743 

Ca, %
 

0.80 0.80 0.80 0.80 

P, %
 

0.48 0.48 0.48 0.48 

Na, %
 

0.20 0.20 0.20 0.20 

CP, % 15.53 15.53 15.39 16.15 

Indispensable AA, %     

   Arg 0.53 0.53 0.51 0.54 

   His 0.37 0.38 0.37 0.38 

   Ile 0.69 0.69 0.69 0.70 

   Leu 1.65 1.66 1.66 1.73 

   Lys 1.14 0.97 1.08 0.95 

   Met 0.39 0.40 0.38 0.38 

   Phe 0.68 0.68 0.67 0.70 

   Thr 0.72 0.72 0.69 0.75 

   Trp 0.22 0.21 0.15 0.13 

   Val 0.78 0.80 0.79 0.80 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed.  
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Table 5.6. Nutrient composition of diets, Exp. 3
1 

 Diet 

Standardized ileal digestible Lys
 

1.10% 0.85% 

Standardized ileal digestible Trp
 

0.19% 0.19% 

ME, kcal/kg
 

3,472 3,470 

Ca, %
 

0.80 0.80 

P, %
 

0.52 0.52 

Na, %
 

0.20 0.20 

CP, % 18.80 17.94 

Indispensable AA, %   

   Arg 0.82 0.92 

   His 0.46 0.45 

   Ile 0.81 0.81 

   Leu 2.19 2.21 

   Lys 1.14 0.96 

   Met 0.50 0.49 

   Phe 1.03 1.05 

   Thr 0.92 0.89 

   Trp 0.20 0.20 

   Val 0.97 0.97 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed. 
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Table 5.7. Growth performance of pigs fed diets based on corn, corn gluten meal, and field peas, 

Exp. 1 

 Diet   

SID Lys
1 

1.10% 0.85% 1.10% 0.85% SEM P - value 

SID
 
Trp

1 
0.19% 0.19% 0.10% 0.10%   

Initial BW, kg 10.86 10.80 10.76 10.81 0.54 0.99 

Final BW, kg 20.31
a 

21.01
a 

13.44
b 

13.34
b 

0.85 <0.001 

ADG, g/d 394
b 

425
a 

112
c 

105
c 

15.35 <0.001 

ADFI, g/d 772
b 

856
a 

393
c 

424
c 

37.19 <0.001 

G:F 0.51
a 

0.50
a 

0.28
b 

0.24
b 

0.01 <0.001 

a-c 
Means within the same row lacking a common superscript letter are different (P < 

0.05). 

1 
SID = standardized ileal digestibility. 
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Table 5.8. Growth performance of pigs fed diets based on corn and high protein distillers dried 

grains, Exp. 2 

 Diet   

SID Lys
1 

1.10% 0.85% 1.10% 0.85% SEM P - value 

SID
 
Trp

1 
0.19% 0.19% 0.10% 0.10%   

Initial BW, kg 10.82 10.89 10.78 10.75 0.54 0.99 

Final BW, kg 19.46
a 

19.07
a 

11.77
b 

11.46
b 

0.55 <0.001 

ADG, g/d 430
a 

420
a 

98
b 

93
b 

14.02 <0.001 

ADFI, g/d 837
a 

780
a 

402
b 

368
b 

28.54 <0.001 

G:F 0.51
a 

0.54
a 

0.24
b 

0.25
b 

0.01 <0.001 

PUN, mg/dL
1 

4.00
c 

6.70
b 

14.60
a 

13.90
a 

0.69 <0.001 

a-c
 Means within the same row lacking a common superscript letter are different (P < 

0.05). 

1 
SID = standardized ileal digestibility; PUN = plasma urea nitrogen. 
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Table 5.9. Growth performance of pigs fed diets based on corn, corn gluten meal, and field peas, 

Exp. 3 

 Diet   

Standardized ileal digestible Lys
 

1.10% 0.85% SEM P - value 

Standardized ileal digestible Trp
 

0.19% 0.19%   

Initial BW, kg 10.09 10.24 0.92 0.92 

Final BW, kg 15.64 16.11 1.34 0.81 

ADG, g/d 337 356 23.96 0.60 

ADFI, g/d 867 618 31.53 0.002 

G:F 0.40 0.51 0.02 0.01 

Plasma urea nitrogen, mg/dL
 

4.90 8.90 0.86 0.02 
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CHAPTER 6 

ESTIMATION OF THE IDEAL TRYPTOPHAN:LYSINE RATIO IN 10-20 KG PIGS 

 

ABSTRACT: Two experiments that were designed to determine the ideal Trp:Lys ratio in 10 to 

20 kg pigs were conducted utilizing 2 differing diet types. In Exp. 1, a corn-corn gluten meal 

(CGM)-field pea diet was used, and in Exp. 2, a corn-high protein distillers dried grains (HP 

DDG) diet was used. In both experiments, a basal diet was formulated to contain 0.85% 

standardized ileal digestible (SID) Lys and 0.10% SID Trp. Five additional diets were 

formulated in each experiment by adding 0.02, 0.04, 0.06, 0.08, or 0.10% L-Trp to the basal diet. 

These diets, therefore, contained 11.7, 14.1, 16.5, 18.8, 21.2, or 23.5% SID Trp relative to the 

concentration of SID Lys. All diets were fed to pigs for 21 d, starting when pigs were 10.32 ± 

0.95 kg or 10.05 ± 1.05 kg (Exp. 1 or 2, respectively). In both experiments, estimates for SID 

Trp:Lys were estimated using a broken line analysis, and a quadratic analysis, and the intercept 

of the broken line and the quadratic line was also determined using ADG, G:F, and PUN as 

response criteria. In both experiments, there was a linear and a quadratic increase (P < 0.05) in 

final BW, ADG, and G:F, and a reduction (linear and quadratic, P < 0.05) in plasma urea 

nitrogen (PUN) with increasing Trp:Lys ratio. Using broken line analysis, estimates for the ideal 

Trp:Lys ratio of 20.1, 19.5, and 16.7% were determined in Exp. 1, and estimates of 18.1, 17.4, 

and 17.0% were determined in Exp. 2 with ADG, G:F, and PUN, respectively, as response 

criteria. Estimates based on the quadratic analysis were 26.1, 24.0, and 19.1% in Exp. 1, and 

21.5, 20.1, and 19.3% in Exp. 2, with ADG, G:F, and PUN, respectively, as response criteria. 

When the intercept of the broken line and the quadratic analyses were obtained, estimates for the 

ideal Trp:Lys ratio of 22.2, 22.1, and 18.6% in Exp. 1 and 20.0, 18.9, and 18.6% in Exp. 2, were 
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calculated for ADG, G:F, and PUN, respectively. Based on these data, it is suggested that the 

ideal SID Trp:Lys ratio in 10 to 20 kg pigs is 18.2% based on the average of the broken line 

analysis from Exp. 1 and 2. 

Key words: lysine, pigs, ratio, tryptophan  

 

INTRODUCTION 

Inclusion of corn protein in swine diets has increased in recent years. This is partially due 

to the increased production of distillers dried grains with solubles and other co-products from the 

ethanol industry, and partially due to the cost of other protein-containing ingredients compared 

with the cost of corn protein. Corn protein is relatively low in Lys and Trp, and formulation of 

diets based on corn protein will, therefore, result in diets that have a low concentration of Lys 

and Trp. Crystalline sources of Lys and Trp may be added to these diets to correct this problem 

and balance the AA profile of the diet. To make sure that correct quantities of both Lys and Trp 

are included in the diets, the requirements for these AA need to be known. While there is a 

plethora of literature about the Lys needs of pigs, relatively little is known about the 

requirements of Trp, and Trp is, therefore, often added to the diets based on an ideal Trp:Lys 

ratio. Estimates for the ideal Trp:Lys ratio of 10 to 20 kg pigs range from 15.0:100 (Ma et al., 

2010) to 19.9:100 (Htoo et al., 2010), and it is therefore, not clear what the ideal ratio is in diets 

fed to 10-20 kg pigs. It has been suggested that the ideal ratio may depend on which ingredients 

are used in the diets (Jansman et al., 2010), although it has also been shown that ingredient 

composition of the diet does not always affect the ideal Trp:Lys ratio in growing pigs (Quant et 

al., 2007, 2008). Because crystalline Trp is very expensive compared with the cost of crystalline 

Lys, Met, and Thr, inclusion of crystalline Trp increases diet costs and the greater the ideal ratio 
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is, the greater is the cost of the diet. Therefore, 2 experiments were conducted to determine the 

ideal Trp:Lys ratio in 10-20 kg pigs and to determine if the ingredient composition of the diets 

influences the ideal Trp:Lys ratio.   

 

MATERIALS AND METHODS 

The experimental protocols were reviewed and approved by the Animal Care and Use 

Committee at the University of Illinois. 

Experiment 1 

Experiment 1 was conducted to determine the ideal Trp:Lys ratio for 10-20 kg pigs in a 

corn-corn gluten meal (CGM)-field pea diet. The standardized ileal digestibility (SID) of AA in 

corn, CGM, and field peas was determined in a previous experiment (Chapter 3) and the same 

batch of these ingredients was used in both experiments. The basal diet was formulated to 

contain 0.10% SID Trp and 0.85% SID Lys. In a previous experiment, it was confirmed that this 

diet was limiting in both Lys and Trp and no other AA (Chapter 5). Five additional diets were 

formulated to contain 0.12, 0.14, 0.16, 0.18, or 0.20% SID Trp by adding 0.02, 0.04, 0.06, 0.08, 

or 0.10% L-Trp to the basal diet while maintaining 0.85% SID Lys in all diets. The ratios of SID 

Trp:Lys were calculated to be 11.7, 14.1, 16.5, 18.8, 21.2, and 23.5:100 in the 6 diets. It was 

believed that both the linear and the plateau regions of the growth curve would be represented by 

these inclusion levels of Trp. There were 5 pigs per pen (initial BW: 10.32 ± 0.95 kg) and 9 pen 

replicates per diet. For 6 replications, pigs were housed in pens (1.22 × 1.22 m) that had slatted 

plastic floors, and the remaining 3 replications were housed in pens (1.22 ± 1.22 m) that had 

expanded metal floors. All pens had a feeder and a nipple drinker installed. Pig BW were 

recorded at the start of the experiment and feed was weighed every time feed was added to the 
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feeder and pigs were allowed ad libitum access to the feed and water throughout the experiment. 

Pig BW and feeder weights with left-over feed were weighed at the conclusion of the experiment 

at which time data were summarized to calculate ADG, ADFI, and average G:F. On the last d of 

the experiment, 2 average-sized pigs/pen were bled via jugular venipuncture in heparinized 

tubes, and blood samples stored on ice until centrifuged (2000 rpm at 5°C for 15 min) and 

plasma was harvested and analyzed for plasma urea nitrogen (PUN) immediately after 

centrifugation.  

Experiment 2 

In Exp. 2, a diet based on corn and high protein distillers dried grains (HP DDG) that 

was limiting in both Trp and Lys was used to determine the ideal Trp:Lys ratio for 10-20 kg pigs. 

The basal diet was formulated to contain 0.10% SID Trp and 0.85% SID Lys based on values for 

the SID of Trp and Lys that had been determined in a previous experiment in which the same 

batch of corn and HP DDG was used (Chapter 3). This diet had also been confirmed to be 

limiting in Lys and Trp and no other AA (Chapter 5). Five additional diets were formulated to 

contain 0.12, 0.14, 0.16, 0.18, and 0.20 SID Trp by adding 0.02, 0.04, 0.06, 0.08, or 0.10% L-Trp 

to the basal diet. The Trp:Lys ratios in these diets were 11.7, 14.1, 16.5, 18.8, 21.2, and 23.5:100, 

respectively. There were 4 pigs per pen (initial BW: 10.05 ± 1.05 kg) and 9 pen replicates per 

diet. For 6 replications, pigs were housed in pens (1.22 × 1.37 m) that had slatted plastic floors, 

and the remaining 3 replications were housed in pens (1.22 × 1.22 m) that had expanded metal 

floors. A feeder and a nipple drinker were installed in all pens. Pig BW were recorded on the first 

d and final d of the experiment, and left-over feed in the feeders were weighed at the conclusion 

of the experiment. Daily feed allotments were recorded as well. At the conclusion of the 
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experiment, data were summarized to calculate ADG, ADFI, and average G:F. Two randomly 

selected pigs per pen were bled on the last d of the experiment as explained for Exp. 1.  

Chemical Analysis 

All diets and ingredients were analyzed for CP (method 990.03; AOAC Int., 2007) and 

AA. Amino acids were analyzed on a Hitachi Amino Acid Analyzer, Model No. L8800 (Hitachi 

High Technologies America, Inc.; Pleasanton, CA, U.S.) using ninhydrin for postcolumn 

derivatization and norleucine as the internal standard. Prior to analysis, samples were hydrolyzed 

with 6 N HCl for 24 h at 110°C (method 982.30 E(a); AOAC Int., 2007). Methionine and Cys 

were determined as Met sulfone and cysteic acid after cold performic acid oxidation overnight 

before hydrolysis (method 982.30 E(b); AOAC Int., 2007). Tryptophan was determined after 

NaOH hydrolysis for 22 h at 110°C (method 982.30 E(c); AOAC Int., 2007). Plasma was 

analyzed for PUN on an Olympus AU680 Chemistry Analyzer (Olympus Life Science Research 

Europa GmbH, Sauerbruchstr., Munich, Germany). 

Statistical Analyses  

 Data for each experiment were analyzed using the PROC MIXED procedure of SAS 

(SAS Institute Inc., Cary, NC). Linear and quadratic effects of Trp addition were determined 

using CONTRAST statements. Broken line analyses were analyzed using the PROC NLIN 

procedure of SAS (Robbins et al., 2006). Quadratic analyses were analyzed using the PROC 

REG procedure of SAS. The intersection of the broken line and quadratic line was determined as 

described by Baker et al. (2002). The pen was the experimental unit for all analyses and an alpha 

value of 0.05 was considered significant.  
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RESULTS 

Experiment 1 

Linear and quadratic increases (P < 0.05) for final BW, ADG, and G:F, and linear and 

quadratic decreases (P < 0.001) of PUN were observed as the dietary concentration of Trp 

increased (Table 6.5). There was also a linear increase (P < 0.05) in ADFI as dietary Trp 

increased. Broken line and quadratic analyses of the ADG data yielded ideal SID Trp:Lys ratio 

estimates of 20.1 and 26.1:100, respectively (Figure 6.1). The point at which the broken line and 

quadratic line intersected yielded a ratio of 22.2:100. The G:F data were also analyzed using 

broken line and quadratic analyses to yield ideal SID Trp:Lys ratio estimates of 19.5 and 

24.0:100, respectively (Figure 6.2), while the intercept of the broken line and quadratic lines was 

at 22.1:100.  Using PUN as the criterion for analysis, the broken line and quadratic analyses 

yielded ideal SID Trp:Lys ratio estimates of 16.7 and 19.1:100, respectively (Figure 6.3), and the 

broken line and quadratic line intercept was at a ratio of 18.6:100. 

  Experiment 2 

 Final BW, ADG, ADFI, and G:F, increased (linear and quadratic, P < 0.05) and PUN 

decreased (linear and quadratic, P < 0.05) as dietary Trp increased (Table 6.6). Broken line and 

quadratic analyses of data for ADG yielded ideal SID Trp:Lys ratios of 18.1 and 21.5:100, 

respectively (Figure 6.4). The point at which the broken line analysis and the quadratic analysis 

intersect was 20.0:100. The G:F data were also analyzed by broken line and quadratic analyses to 

obtain estimates of ideal SID Trp:Lys of 17.4 and 20.1:100, respectively (Figure 6.5). The point 

at which the 2 analyses intersected was at 18.9:100. When PUN was analyzed (Figure 6.6), the 

broken line and quadratic analyses yielded estimates of 17.0 and 19.3:100 ideal SID Trp:Lys. 

The intersection of these 2 lines was at a ratio of 18.6:100.  
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A summary of both experiments demonstrated that an average of the estimates of broken 

line, quadratic, and intercept analyses for all response criteria were 18.2%, 21.7, and 20.1% SID 

Trp:Lys, respectively (Table 6.7).   

 

DISCUSSION 

 The original estimate of ideal Trp:Lys ratio was 15.0:100 based on the whole body 

protein profile (ARC, 1981). Later the ideal protein was updated and the Trp:Lys ratio for 10 to 

20 kg pigs was estimated at 18% based on nitrogen retention and growth performance (Wang 

and Fuller, 1989; Chung and Baker, 1992). However, Baker (1997) suggested an ideal Trp:Lys 

ratio of 17% for 10 to 20 kg pigs. The current NRC (1998) has summarized data from 5 

experiments and suggests a Trp:Lys ratio of 18% for protein accretion. 

Other estimates have been proposed since NRC (1998) was published. Estimations of the 

Trp:Lys ratio include Fent et al. (2002) in which 6-23 kg pigs were used to measure growth 

performance when fed corn-soybean meal diets. Results indicated that a Trp:Lys ratio of 15.8% 

was adequate in diets formulated to contain 1.30% SID Lys. These results are less than the ratio 

obtained in the current experiments using similar response criteria. However, the Lys 

concentration in the diets by Fent et al. (2002) was 1.30% SID Lys, which may not have been 

below the requirement of all the pigs in the population. This, in turn, could have resulted in a 

lower estimate for the Trp:Lys ratio. In another experiment, in which the Trp:Lys ratio was 

determined  in diets containing 30% DDGS, the ideal SID Trp:Lys ratio was 15.0% using ADG 

and G:F as response criteria (Ma et al., 2010). These diets were formulated to contain 1.20% SID 

Lys, and the pigs weighed 11.1 kg at the initiation of the experiment. In an experiment using 7.1 

to 15.6 kg pigs, the Trp:Lys ratio was estimated at 19.5%. Growth performance was the response 
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criterion and CGM-field pea-wheat-barley diets were used with a SID Lys level of 1.01% (Guzik 

et al., 2005). Thus, the Trp:Lys ratio obtained by Guzik et al. (2005) agree with the results of the 

current Exp. 1 and the PUN data for Exp. 2. Using 15-25 kg pigs that were either restrictedly fed 

or fed ad libitum, the Trp:Lys ratio was estimated at 18% in wheat-barley-corn gluten diets using 

growth performance as response criteria (Susenbeth and Lucanus, 2005), which agree well with 

the data obtained from the current Exp. 2. Comparing corn-SBM and wheat-barley diets in 15-35 

kg pigs, Htoo et al. (2010) estimated the broken line Trp:Lys ratio to be between 15.9 and 17.8% 

using ADG as the response criterion and between 17.0 and 19.9% using G:F as the response 

criterion. The estimates in the current experiments were between 18.1 and 22.2% for ADG and 

between 17.4 and 22.1% for G:F, so our estimates are slightly greater than those reported by 

Htoo et al. (2010).  

Several types of data analysis have been used to determine the ideal Trp:Lys ratio. Most 

common is the broken line analysis, which is believed to be the most defendable method of 

determining  AA ratios (Baker et al., 2002). Other analyses, such as the quadratic, exponential, 

and the intersection of broken line and quadratic line, may lead to an overestimation of the ideal 

Trp:Lys ratio, as a minimum ratio is desired (Baker et al., 2002). 

The current estimates were obtained with the same batch of ingredients as those used to 

determine the SID of AA in the ingredients that were used to develop the basal diet. The basal 

diets were confirmed to be limiting in Trp and Lys and no other AA, and Lys and Trp 

requirements were determined in pigs of the same genotype as those used to determine the 

Trp:Lys ratio. To our knowledge, no other experiments have used such an extensive approach to 

make sure that the diets used in the experiments were appropriate to determine the Trp:Lys ratio 

in pigs and that all necessary requirements for such experiments were met.  
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The response criteria used can have an impact on the ratio that is determined as clearly 

demonstrated in the present experiments. Typically, growth performance is used in the 

determination of ideal protein ratios. However, some researchers have also used PUN as the 

response criterion, which is ideal in situations where a rapid response criterion is needed, 

particularly in the early growth stages of pigs. This is because growth performance in the early 

growth stages can be highly variable, and such experiments are typically conducted in short time 

intervals (2-3 weeks). The ideal Trp:Lys ratio that was obtained in the current experiments based 

on PUN were 17.0 and 16.7%, respectively and slightly less than the ratios determined based on 

ADG and G:F.  

Diet composition can affect the growth rate of the pig. If a diet used in the determination 

of AA ratios results in a reduced performance, then the Lys requirement will be reduced. If the 

Lys requirement is not determined in the same basal diet as the diet used for determining the 

ratio, inaccuracies may occur. However, it is unlikely that growth rate will influence the ideal 

Trp:Lys ratio in young growing pigs, and it is, therefore, believed that ratios obtained with a 

specific diet composition is representative for other diet compositions. 

The ideal Trp:Lys ratio that was determined in the present experiments agree with results 

from most previous experiments (Wang and Fuller, 1989; Chung and Baker, 1992; Guzik et al., 

2005; Susenbeth and Lucanus, 2005) However, in 2 experiments a Trp:Lys ratio of 15.0 and 

15.8% was reported (Ma et al., 2010; Fent et al., 2002). The concentration of SID Lys in the diets 

that were used in these experiments were 1.24 and 1.30%, respectively, whereas the 

concentrations of Lys in all the other experiments were much less. It is, therefore, likely that the 

diets used by Ma et al. (2010) and Fent et al. (2002) were not limited in SID Lys, which would 

result in an underestimation of the Trp:Lys ratio (Susenbeth and Lucanus, 2005)  
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As corn is used for the production of ethanol, higher levels of corn protein will be 

available for use in swine feed. Corn protein is limiting in Trp, which will increase the need for 

supplemental Trp, either in crystalline form or from other intact proteins. In corn-soybean meal 

diets, Trp does not typically become limiting. However, with the addition of corn protein, Trp 

can become limiting in the diet. This makes the accurate determination of Trp:Lys ratio more 

important. Data from the current experiments indicate that the ideal Trp:Lys ratio is not 

significantly influenced by the protein source that is used and the ideal SID Trp:Lys ratio for 10 

to 20 kg pigs is 18.2%. This value agrees with the current NRC value and does not support the 

notion that the ideal Trp:Lys ratio is less than current NRC requirements if corn protein supplies 

the majority of the protein in the diets.
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Table 6.1. Ingredient composition of experimental diets, Exp. 1 

 

Trp Titration 

Standardized ileal digestible Trp
 

0.10 0.12 0.14 0.16 0.18 0.20 

Ground corn 38.60 38.60 38.60 38.60 38.60 38.60 

Corn gluten meal
 

12.54 12.54 12.54 12.54 12.54 12.54 

Field peas 25.00 25.00 25.00 25.00 25.00 25.00 

Lactose 15.00 15.00 15.00 15.00 15.00 15.00 

Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00 

Dicalcium phosphate 1.35 1.35 1.35 1.35 1.35 1.35 

Ground limestone 1.13 1.13 1.13 1.13 1.13 1.13 

Sodium bicarbonate 0.53 0.53 0.53 0.53 0.53 0.53 

Salt 0.11 0.11 0.11 0.11 0.11 0.11 

Cornstarch 0.41 0.39 0.37 0.35 0.33 0.31 

L-Ile 0.08 0.08 0.08 0.08 0.08 0.08 

DL-Met 0.16 0.16 0.16 0.16 0.16 0.16 

L-Lys HCl 0.41 0.41 0.41 0.41 0.41 0.41 

L-Thr 0.27 0.27 0.27 0.27 0.27 0.27 
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Table 6.1 (cont.)       

L-Trp - 0.02 0.04 0.06 0.06 0.10 

L-Val 0.08 0.08 0.08 0.08 0.08 0.08 

L-His 0.06 0.06 0.06 0.06 0.06 0.06 

Vitamin premix
2 

0.30 0.30 0.30 0.30 0.30 0.30 

Mecadox premix
3 

1.00 1.00 1.00 1.00 1.00 1.00 

1 
Field peas were sourced from Legume Matrix, LLC., Jamestown, ND; corn gluten meal 

was sourced from Archer Daniels Midland, Decatur, IL. 

2 
The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-

pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

3
 The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg. 
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Table 6.2. Ingredient composition of experimental diets, Exp. 2 

 

Trp Titration 

Standardized ileal digestible Trp
 

0.10 0.12 0.14 0.16 0.18 0.20 

Ground corn 52.40 52.40 52.40 52.40 52.40 52.40 

High protein distiller dried grains
 

20.00 20.00 20.00 20.00 20.00 20.00 

Casein 4.00 4.00 4.00 4.00 4.00 4.00 

Lactose 15.00 15.00 15.00 15.00 15.00 15.00 

Choice white grease 3.00 3.00 3.00 3.00 3.00 3.00 

Dicalcium phosphate 1.23 1.23 1.23 1.23 1.23 1.23 

Ground limestone 1.19 1.19 1.19 1.19 1.19 1.19 

Sodium bicarbonate 0.42 0.42 0.42 0.42 0.42 0.42 

Salt 0.13 0.13 0.13 0.13 0.13 0.13 

Cornstarch 0.41 0.39 0.37 0.35 0.33 0.31 

L-Ile 0.11 0.11 0.11 0.11 0.11 0.11 

DL-Met 0.09 0.09 0.09 0.09 0.09 0.09 

L-Lys HCl 0.45 0.45 0.45 0.45 0.45 0.45 

L-Thr 0.22 0.22 0.22 0.22 0.22 0.22 
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Table 6.2 (cont.)       

L-Trp - 0.02 0.04 0.06 0.08 0.10 

L-Val 0.05 0.05 0.05 0.05 0.05 0.05 

Vitamin premix
2 

0.30 0.30 0.30 0.30 0.30 0.30 

Mecadox premix
3 

1.00 1.00 1.00 1.00 1.00 1.00 

1
 HP DDG was sourced from Poet, LLC., Sioux Falls, SD. 

2 
The vitamin-micromineral premix provided the following quantities of vitamins and 

micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin 

D3 as cholecalciferol, 2,204 IU; vitamin E as DL-alphatocopheryl acetate, 66 IU; vitamin K as 

menadione nicotinamide bisulfate, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 

riboflavin, 6.58 mg;  pyridoxine as pyridoxine hydrocloride, 0.24 mg; vitamin B12, 0.03 mg; D-

pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as nicotinamide, 1.0 mg, and 

nicotinic acid, 43.0 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 

125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 

mg as sodium selenite; and Zn, 100  mg as zinc oxide. 

3
 The Mecadox premix (Phibro Animal Health, Ridgefield Park, NJ) contained 5.5g 

carbadox per kg. At 1% inclusion, the concentration of carbadox in the complete diet was 55 

mg/kg. 
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Table 6.3. Nutrient composition of diets, Exp. 1
1 

 

Trp Titration 

Standardized ileal digestible Trp
 

0.10 0.12 0.14 0.16 0.18 0.20 

ME, kcal/kg
 

3470 3470 3471 3471 3471 3472 

Ca, %
 

0.80 0.80 0.80 0.80 0.80 0.80 

P, %
 

0.52 0.52 0.52 0.52 0.52 0.52 

Na, %
 

0.20 0.20 0.20 0.20 0.20 0.20 

CP, % 15.73 17.75 17.61 17.81 17.48 17.39 

Indispensable AA, %       

   Arg 0.85 0.94 0.90 0.97 0.91 0.87 

   His 0.39 0.45 0.44 0.45 0.44 0.45 

   Ile 0.70 0.80 0.77 0.81 0.78 0.80 

   Leu 1.88 2.16 2.04 2.22 2.15 2.14 

   Lys 0.95 1.09 1.07 1.05 1.05 1.07 

   Met 0.45 0.50 0.49 0.83 0.50 0.51 

   Phe 0.89 1.03 0.97 1.04 1.01 1.01 

   Thr 0.82 0.92 0.95 0.92 0.96 0.92 
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Table 6.3 (cont.)       

   Trp 0.10 0.12 0.14 0.18 0.20 0.24 

   Val 0.84 0.98 0.94 0.99 0.95 0.97 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed. 
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Table 6.4. Nutrient composition of diets, Exp. 2
1 

 

Trp Titration 

Standardized ileal digestible Trp
 

0.10 0.12 0.14 0.16 0.18 0.20 

ME, kcal/kg
 

3743 3743 3744 3744 3745 3745 

Ca, %
 

0.80 0.80 0.80 0.80 0.80 0.80 

P, %
 

0.48 0.48 0.48 0.48 0.48 0.48 

Na, %
 

0.20 0.20 0.20 0.20 0.20 0.20 

CP, % 16.49 16.68 17.90 16.71 16.41 17.87 

Indispensable AA, %       

   Arg 0.56 0.47 0.51 0.53 0.53 0.61 

   His 0.45 0.46 0.46 0.46 0.45 0.48 

   Ile 0.80 0.81 0.83 0.81 0.79 0.82 

   Leu 2.00 2.05 2.07 2.06 2.01 2.17 

   Lys 1.04 1.04 1.06 1.05 1.02 1.03 

   Met 0.45 0.46 0.47 0.45 0.46 0.46 

   Phe 0.87 0.89 0.90 0.90 0.88 0.94 

   Thr 0.84 0.89 0.89 0.86 0.86 0.94 
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Table 6.4 (cont.)       

   Trp 0.12 0.14 0.16 0.18 0.19 0.22 

   Val 0.97 1.00 1.01 0.99 0.97 1.02 

1 
The values for ME, Ca, P, and Na were calculated (NRC, 1998), but all other values 

were analyzed. 
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Table 6.5. Growth performance of pigs fed diets containing increasing concentrations of Trp, 

Exp. 1
 

 Trp Titration  P – value 

SID Trp
1 

0.10 0.12 0.14 0.16 0.18 0.20 SEM Linear Quadratic 

Initial BW, kg 10.21 10.30 10.35 10.35 10.34 10.40 0.26 0.65 0.88 

Final BW, kg 12.84 14.09 16.03 19.06 19.67 19.51 0.55 <0.001 0.02 

ADG, g/d 123 177 266 408 438 427 17 <0.001 <0.001 

ADFI, g/d 545 594 655 844 875 848 33 <0.001 0.11 

G:F 0.24 0.30 0.41 0.48 0.50 0.51 0.02 <0.001 0.003 

PUN, mg/dl
1 

16.67 13.67 10.17 9.78 9.83 10.22 0.51 <0.001 <0.001 

1 
SID = standardized ileal digestible; PUN = plasma urea nitrogen. 



 

 

1
3
4
 

Table 6.6. Growth performance of pigs fed diets containing increasing concentrations of Trp, Exp. 2
 

 Trp Titration  P – value 

SID Trp
1 

0.10 0.12 0.14 0.16 0.18 0.20 SEM Linear Quadratic 

Initial BW, kg 10.08 10.04 10.05 10.04 10.08 10.07 0.35 0.98 0.93 

Final BW, kg 12.66 14.37 16.98 18.22 18.21 18.37 0.55 <0.001 <0.001 

ADG, g/d 123 206 330 389 387 395 13.17 <0.001 <0.001 

ADFI, g/d 542 625 788 839 827 868 42.44 <0.001 0.03 

G:F 0.23 0.34 0.43 0.47 0.47 0.46 0.02 <0.001 <0.001 

PUN, mg/dl
1 

15.94 11.22 7.61 6.61 6.39 6.78 0.45 <0.001 <0.001 

1 
SID = standardized ileal digestible; PUN = plasma urea nitrogen.
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Table 6.7. Summary of the ideal SID Trp:Lys ratio determined by broken line, quadratic line, 

and intercept of broken and quadratic lines 
 

Response criteria Broken line 

Maximum 

quadratic line 

Intercept of broken 

line and quadratic line 

Exp. 1    

   ADG 20.1 26.1 22.2 

   G:F 19.5 24.0 22.1 

   PUN
1 

16.7 19.1 18.6 

Average, Exp. 1 18.8 23.1 21.0 

Exp. 2    

   ADG 18.1 21.5 20.0 

   G:F 17.4 20.1 18.9 

   PUN
1 

17.0 19.3 18.6 

Average, Exp. 2 17.5 20.3 19.2 

Average, Exp. 1 and 2 18.2 21.7 20.1 

1 
PUN = plasma urea nitrogen. 
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Table 6.8. Summary of recent estimates of the ideal SID Trp:Lys ratio in 10 to 20 kg pigs
 

Author SID Trp:Lys estimate, % 

Wang and Fuller, 1989
1 

18 

Chung and Baker, 1992
1 

18 

Baker, 1997 17 

NRC, 1998 18 

Fent et al., 2002
2 

15.8 

Guzik et al., 2005
1 

> 19.5 

Susenbeth and Lucanus, 2005
1 

17.0 - 18.0 

Htoo et al., 2010
3 

15.9 – 19.9 

Ma et al., 2010
3 

15.0 

Current experiment
3 

16.7 – 20.1 

1
 Analyzed using the optimum dose response. 

2 
Analyzed using the quadratic method. 

3
 Analyzed using the broken line method.
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Figure 6.1. Fitted broken line and quadratic plot of ADG plotted against standardized ileal 

digestible Trp:Lys (Exp. 1). Treatment means (�) are displayed, and are means of 9 replicated 

pens per treatment. The standardized ileal digestible Trp:Lys ratio was 20.1:100 ± 0.56 as 

determined by broken line analysis (plateau = 432; slope below breakpoint = 3899; R
2
 = 0.85). 

Quadratic analysis was also conducted on these data and fitted to: Y = -17412x
2
 + 9073x – 724 

(R
2 

= 0.82). The standardized ileal digestible Trp:Lys ratio was 26.1:100 ± 2.69 analyzed by the 

quadratic method. The intercept at which the quadratic analysis meet the plateau of the broken 

line analysis is at a standardized ileal digestible Trp:Lys ratio of 22.2:100.



138 

 

 

Figure 6.2. Fitted broken line and quadratic plot of G:F plotted against standardized ileal 

digestible Trp:Lys (Exp. 1). Treatment means (�) are displayed, and are means of 9 replicated 

pens per treatment. The standardized ileal digestible Trp:Lys ratio was 19.5:100 ± 0.73 as 

determined by broken line analysis (plateau = 0.51; slope below breakpoint = 3.50; R
2
 = 0.73). 

Quadratic analysis was also conducted on these data and fitted to: Y = -19.29x
2
 + 9.24x – 0.59 

(R
2 

= 0.70). The standardized ileal digestible Trp:Lys ratio was 24.0:100 ± 2.13 analyzed by the 

quadratic method. The intercept at which the quadratic analysis meet the plateau of the broken 

line analysis is at a standardized ileal digestible Trp:Lys ratio of 22.1:100.
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Figure 6.3. Fitted broken line and quadratic plot of PUN plotted against standardized ileal 

digestible Trp:Lys (Exp. 1). Treatment means (�) are displayed, and are means of 9 replicated 

pens per treatment. The standardized ileal digestible Trp:Lys ratio was 16.7:100 ± 0.42 as 

determined by broken line analysis (plateau = 9.94; slope below breakpoint = -135; R
2
 = 0.76). 

Quadratic analysis was also conducted on these data and fitted to: Y = 966x
2
 – 395x + 50 (R

2 
= 

0.74). The standardized ileal digestible Trp:Lys ratio was 19.1:100 ± 1.07 analyzed by the 

quadratic method. The intercept at which the quadratic analysis meet the plateau of the broken 

line analysis is at a standardized ileal digestible Trp:Lys ratio of 18.6:100.
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Figure 6.4. Fitted broken line and quadratic plot of ADG plotted against standardized ileal 

digestible Trp:Lys (Exp. 2). Treatment means (�) are displayed, and are means of 9 replicated 

pens per treatment. The standardized ileal digestible Trp:Lys ratio was 18.1:100 ± 0.43 as 

determined by broken line analysis (plateau = 390; slope below breakpoint = 4316; R
2
 = 0.88). 

Quadratic analysis was also conducted on these data and fitted to: Y = -27352x
2
 + 12018x – 919 

(R
2 

= 0.87). The standardized ileal digestible Trp:Lys ratio was 21.5:100 ± 0.94 analyzed by the 

quadratic method. The intercept at which the quadratic analysis meet the plateau of the broken 

line analysis is at a standardized ileal digestible Trp:Lys ratio of 20.0:100.
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Figure 6.5. Fitted broken line and quadratic plot of G:F plotted against standardized ileal 

digestible Trp:Lys (Exp. 2). Treatment means (�) are displayed, and are means of 9 replicated 

pens per treatment. The standardized ileal digestible Trp:Lys ratio was 17.4:100 ± 0.47 as 

determined by broken line analysis (plateau = 0.46; slope below breakpoint = 4.05; R
2
 = 0.79). 

Quadratic analysis was also conducted on these data and fitted to: Y = -28.52x
2
 + 11.95x – 0.78 

(R
2 

= 0.78). The standardized ileal digestible Trp:Lys ratio was 20.1:100 ± 1.09 analyzed by the 

quadratic method. The intercept at which the quadratic analysis meet the plateau of the broken 

line analysis is at a standardized ileal digestible Trp:Lys ratio of 18.9:100.
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Figure 6.6. Fitted broken line and quadratic plot of PUN plotted against standardized ileal 

digestible Trp:Lys (Exp. 2). Treatment means (�) are displayed, and are means of 9 replicated 

pens per treatment. The standardized ileal digestible Trp:Lys ratio was 17.0:100 ± 0.30 as 

determined by broken line analysis (plateau = 6.59; slope below breakpoint = -174; R
2
 = 0.88). 

Quadratic analysis was also conducted on these data and fitted to: Y = 1213x
2
 – 502x + 58 (R

2 
= 

0.87). The standardized ileal digestible Trp:Lys ratio was 19.3:100 ± 0.71 analyzed by the 

quadratic method. The intercept at which the quadratic analysis meet the plateau of the broken 

line analysis is at a standardized ileal digestible Trp:Lys ratio of 18.6:100. 
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GENERAL CONCLUSIONS 

 As more corn protein is used in in diets fed to swine, it becomes more important to know 

the exact requirement for Trp to different groups of pigs because corn protein is low in Trp. In 

practical diet formulation, Trp is often included according to the ideal protein concept, and 

determination of an accurate Trp:Lys ratio is, therefore, necessary. The least variable way to 

measure this ratio is to use a holistic approach. This includes obtaining specific batches of 

ingredients that will be used for all experiments, and determining the nutrient profile of those 

ingredients including the standardized ileal digestibility (SID) of AA in each ingredient. The 

next step is to develop a basal diet that is limiting in only Trp and Lys. The Lys requirement 

should be determined using a diet similar to the basal diet to ensure the requirement estimate is 

accurate. Finally, the Trp:Lys ratio can be determined. In the present work, attempts to determine 

this ratio were made.  

 As observed in the first experiment, the AA digestibility was acceptable for all 

ingredients except the high protein distillers grains, which may have been over processed. The 

SID values were then used in all subsequent experiments to correct for any variation in 

digestibility. 

 In determining the Lys requirement, it was observed that the SID Lys requirement in a 

corn-soybean meal diet (1.24%) was greater than that of a corn-corn gluten meal-field pea diet 

(1.09%). This could have an impact in determining what level of SID Lys is limiting in the basal 

diet. It was also found that the SID Trp requirement was 0.21% in 10 to 20 kg pigs. 

 Based on the SID values for AA and the determined Lys requirements, basal diets 

containing either corn, CGM, and field peas or corn and HP DDG were formulated. These diets 

contained 0.10 and 0.85% SID Trp and SID Lys, respectively, and it was confirmed that both 



144 

 

diets were limiting in Trp and Lys and no other AA. These 2 basal diets were, therefore, used in 

the final 2 experiments in which graded levels of Trp were added to each basal diet to determine 

the ideal Trp:Lys ratio. 

 There was little difference between the 2 diet types, and using break point analyses, the 

determined SID Trp:Lys ratio was 18.2% for both diets. 

In conclusion, this set of experiments demonstrates that a holistic approach may be used 

to determine the ideal Trp:Lys ratio. Future work may include determination of the ideal SID 

Trp:Lys ratio in later stages of pig growth, confirmation of the ratio with growth trials, and 

determination of the importance of using the correct Lys level in conducting AA ratio studies.
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