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Abstract 

The 3 chapters of this thesis involve 1) a meta-analysis of pig body weight (BW) 

variation from birth to market, 2) a study evaluating reducing digestible lysine (Lys) and 

tryptophan to lysine ratio (Trp:Lys) in the diet for pigs as a nutritional strategy to slow down pig 

growth due to the COVID-19 pandemic, and 3) a study evaluating growth performance of pigs 

fed a diet with or without distillers dried grains with solubles (DDGS) with increased digestible 

threonine (Thr). Chapter 1 describes a meta-analysis of the literature to develop prediction 

equations for coefficient of variation (CV) and standard deviation (SD) as a function of pig BW 

from birth to market. The results indicate that there is a quadratic decreasing relationship 

between the CV of the population and pig BW, where the slope of decrease becomes smaller as 

mean pig BW increases from birth to market. A quadratic increase for the relationship is also 

observed for SD, in which the slop becomes smaller as pig mean BW increases from birth to 

market. Chapter 2 describes an experiment that aimed to slow-down pig growth during the 

COVID-19 pandemic, due to processing plant shutdowns, by decreasing standardized ileal 

digestible (SID) Lys and SID Trp:Lys ratio in the diet. The results of this study indicate that 

reducing SID Lys from 100 to 80% of the pigs’ requirement and formulating diets with 16% SID 

Trp:Lys during the grow-finish period decreased growth performance and feed efficiency, and 

consequently, final BW was reduced by 8.6 and 11.7 kg after 119 days of consuming the reduced 

SID Lys or SID Trp:Lys diet, respectively. Chapter 3 utilized 2,160 pigs to determine if 

increasing SID Thr:Lys in the diet is needed to optimize the growth performance of grow-finish 

pigs when DDGS is also included in the diet. The results indicate that pigs fed a diet with DDGS 

had reduced growth performance regardless of the level of digestible Thr in the diet. This study 



  

used DDGS, which is a source of insoluble fiber, therefore, different results may occur if a 

soluble fiber source is provided. 
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Chapter 1 - A meta-analysis to understand the relationship between 

pig body weight and variation from birth to market1 

 Abstract 

This meta-analysis aims to understand the changes in pig body weight (BW) variation 

from birth to market and develop prediction equations for coefficient of variation (CV) and 

standard deviation (SD) as a function of BW. Standard deviation is the measure of dispersion of 

a set of values from the mean and CV is the SD expressed as a percentage of the mean. Data 

collected from 16 papers and data sets yielded 117,268 individually weighed pigs with sample 

size ranging from 120 to 4108 pigs. Polynomial regression analysis was conducted separately for 

each variation measurement. The resulting prediction equations (CV (%) = 20.04 – 0.135 × 

(BW) + 0.00043 × (BW)2, R2 = 0.79; SD = 0.41 + 0.150 × (BW) – 0.00041 × (BW)2, R2 = 

0.95) suggest that there is a quadratic decreasing relationship between the CV of a population 

and BW, the slope gets smaller as mean BW increases from birth to market. A quadratic 

increasing relationship is observed for SD, with slope being smaller as mean BW of pigs 

increases from birth to market. These prediction equations can be used by swine producers to 

estimate expected CV and SD of BW among a population of pigs. 

Key Words: Pigs, meta-analysis, coefficient of variation; standard deviation  

 

1 This work has been published in Animals: A. F. Tolosa, J. M. DeRouchey, M. D. Tokach, R. D. Goodband, J. C. 

Woodworth, J. T. Gebhardt, M. J. Ritter, and C. M. Pilcher. 2021. A meta-analysis to understand the relationship 

between pig body weight and variation from birth to market. Animals. 11:2088. 
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 Introduction 

The swine industry has been constantly evolving to raise pigs with improved growth 

performance. However, pig body weight variation remains a problem for producers. Packing 

plants require that pigs are marketed within certain weight allowances and when pigs fall outside 

the packer’s desired weight range, they are discounted in market value, resulting in negative 

economic consequences for swine production systems. Therefore, it has been of continual 

interest for producers and researchers to understand how pig body weight variation changes from 

birth to market weight. 

Previous research regarding variation from birth to market is unclear and somewhat 

inconsistent in the relationship between variation in birth weight and variation in postnatal 

growth performance (Wolter et al., 2002). When there is high variation in body weight within a 

population, lighter pigs can have a disadvantage. When placing light pigs with heavy pigs, 

competition over milk from the sow or feed in the post-weaning period can result in unequal 

growth among contemporaries. It has been observed that light birth weight pigs are less 

successful in competing for milk when compared with heavier littermates (Hemsworth et al., 

2000). Additionally, previous research has reported a strong relationship between weaning 

weight and subsequent growth performance, which can be an influencing factor on BW variation 

in early stages of growth (Botermans et al., 2000; Georgsson and Svendsen, 2002; Quiniou et al., 

2002). Wellock et al. (2004) reported that after weaning, variation in the growth response is also 

affected by stressors when pigs were housed in commercial environments. Therefore, unequal 

growth rate within a group of pigs post-weaning can lead to increased body weight variability. 

As a result, efficiency of facility utilization throughout the production cycle is decreased (Lopez-

Verge et al., 2018). 



3 

Data are well established that sorting pigs into uniform weight pens does not improve 

overall population performance (O’Quinn et al., 2001; Brumm et al., 2002; Wolter et al., 2002; 

Camara et al., 2016). Camara et al. (2016) concluded that regrouping pigs at weaning to uniform 

BW groups had no influence on growth performance. Similarly, for the grow–finish period, 

sorting pigs into lower within-pen body weight (BW) variation has been studied. O’Quinn et al. 

(2001) reported that sorting uniformly by BW (i.e., reduced within-pen weight variation) has 

little effect on improving overall performance or variability in individual final body weight. 

Therefore, understanding pig growth and body weight variation is essential to lessen the impacts 

of increased variation in final live weight. 

The aim of this systematic review and meta-analysis was to evaluate body weight 

variation focused on the mean of an entire population of pigs, and to develop regression 

equations to predict pig body weight variation, such as coefficient of variation and standard 

deviation as a function of body weight. 

 Materials and methods 

 Literature search 

A literature search was conducted via Cab Direct using Kansas State University Libraries 

using the keywords “variation of pigs”, “coefficient of variation and pigs”, “standard deviation 

and pigs”, or “variation in pigs from birth to market”. Data were derived from refereed and 

nonrefereed publications, including theses, technical memos, and university publications. The 

published literature that was used reported measurements of variability where individual pig 

starting and ending weights were collected from birth to market. Interim weight periods were 

also used, if available. 
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 Selection for inclusion and exclusion criteria 

For inclusion, publications were reviewed to determine if the pig populations had been 

artificially selected to reduce variation (i.e., light pigs separated from heavy pigs). When the 

procedures described segregation or selection of the pigs within the population with the goal of 

forming uniform groups per treatment, data were excluded. Additionally, trials were not included 

if management strategies were applied to the population or part of the population in order to 

decrease BW variability within the group of pigs. Other information included during the data 

extraction process were trial sample size and initial and final BW. Finally, Cook’s distance 

diagnosis analysis was used to identify data points that negatively affect the regression model. A 

large number indicates that the observed value has strong influence on the estimated coefficients 

for the regression analysis. Cook’s distance is considered the single most representative measure 

of influence on overall fit. It captures the impact of an observation from two sources: (1) size of 

changes in the predicted values when the value is omitted and (2) the observation’s distance from 

the other observations (leverage). These influential data points could be considered outliers (data 

points with large residuals) (Cook, 1977). From the initial 25 trials, 9 trials were excluded due 

these criteria. Thus, 16 trials published in journal articles, technical memos, and theses were used 

(Table 1.1) for final analyses. 

 Data base preparation and meta-analysis 

Data from each trial were recorded in a spreadsheet template. Data included study name, 

sample size, body weight (BW), and measurements of variation. For papers that reported 

coefficient of variation, standard deviation was calculated and vice versa. The final database 

yielded a total of 204 observations, including 117,268 individually weighed pigs. Sample size 
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within each data set ranged from 120 to 4108 pigs. Pigs used in the database had BW ranging 

from 1.36 to 175 kg. 

A meta-analysis in R (Version 4.0.0, R Foundation for Statistical Computing, Vienna, 

Austria) was carried out using a random effects model to account for both within- and between-

study variances. The effect size (i.e., the summary proportion) was estimated through the 

DerSimonian and Laird method (DerSimonian and Larid, 1986) with the assumption that the 

different studies were estimating different, yet related, effects on variation. Trial was included as 

a random effect and a weight parameter was used to account for the sample size of each study. 

This weighting parameter was the inverse of the standard error of the mean squared to allow 

larger studies to have more weight and greater impact on the overall mean. 

 Statistical analysis 

The lm procedure of R was used to develop the polynomial regression equations. The CV 

or SD of each experiment was the dependent variable for modeling the equation. An exploratory 

data analysis using a scatter plot was initially used to determine whether there was a relationship 

between measurements of variation and BW as the variables of interest. Linear and quadratic 

terms of CV and SD, as a function of average BW, were the variables in the regression analysis. 

Model significance was assessed through analysis of variance using an F-test, where the 

significance of the coefficients were assessed through a T-test and was determined significant at 

P < 0.05 for each response variable. Coefficient of determination (R2) was used describe the 

amount of variance in the outcome that was explained by the predictor variables. Model 

assumptions were checked for normality and constant variance. The studentized residuals plots 

indicated that normality assumptions were met and no evidence for remaining outliers or 

heteroscedasticity were observed. 
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 Results 

A summary of the studies used for this meta-analysis is presented in Table 1.1. The 

values describe average initial and final BW and measurements of variation (coefficient of 

variation and standard variation). The studies in the final database comprised a mean BW range 

of 1.36 to 175.8 kg, where coefficient of variation and standard deviation as a function of BW 

ranged from 23.8 to 7.2% and from 15.82 to 0.27 kg, respectively. The inspection of residuals vs. 

predicted values relative to the line of equality suggest the predictions were precise, not biased, 

and that the model assumptions were reasonably met. 

 Regression analysis 

The model predicted a quadratic decrease in CV with the most rapid decrease occurring 

when mean BW is low within the population, with a less pronounced decrease as mean BW 

increases up to market weight (Table 1.2 and Figure 1a). Conversely, SD showed a quadratic 

increase when the population is light and mean BW is low. Subsequently, the slope declines 

(Table 1.2 and Figure 1b). The CV model described 79% of the variation in CV, which is 

explained by the combined linear and quadratic effects of mean group body weight. Similarly, 

95% of the variation in standard deviation is explained by the combined linear and quadratic 

effects of mean group body weight. 

 Discussion 

There are many factors that affect variation within a population of pigs (e.g., genetic 

potential, health status of the herd, etc.). In practical situations, when pigs are born, there is a 

wide distribution of BW that consequently can influence growth rate, but other aspects, such as 

muscle fiber number, can also affect the development and performance of the pig throughout the 

production cycle (Peterson, 2004; Main et al., 2005). Wolter (2002) conducted a literature review 
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and reported that pigs with differences in birth weight of 0.2, 0.5, and 0.7 kg presented 

differences in post-weaning growth rate of 5, 6, and 8%, respectively. Additionally, the 

difference in post-natal growth may be a consequence of suboptimal management practices that 

may result in the pigs born with a lighter BW growing slower when compared with its 

contemporaries, regardless of an appropriate environment (Fix, 2010). 

This meta-analysis showed that variation is high at birth and the distribution of BW 

within and across litters is wide. However, as the pigs grow from weaning to market, the percent 

of the population that is furthest from the mean BW of the population starts to decrease. Zotti et 

al. (2017) evaluated potential factors that influence birth weight and within litter heterogeneity 

and observed a linear effect of sow parity on CV of BW. Sows of parity 5 were observed having 

5.4, 6.4, and 4.8% greater CV of BW on d 0, 7, and 21, respectively, when compared with parity 

1 sows. However, at the end of the nursery period (d 59), the effect of parity on CV of BW 

disappeared. Similarly, Beaulieu et al. (2010) investigated the effect of litter size on growth 

performance and CV of BW by evaluating litters in three categories according to the number of 

pigs per litter, i.e., 3 to 10, 11 to 13, and 14 to 19 pigs per litter, and observed a decrease in birth 

weight of approximately 33 g per each additional pig born with increasing litter size. 

Additionally, small litters were observed with a 7.1% higher CV of BW when compared with 

large litters at birth. However, the greater pre-weaning variation observed in small litters (3 to 10 

pigs per litter) when compared with large litters (14 to 19 pigs per litter) was not maintained after 

weaning. Thus, it is possible that greater variation at birth does not greatly influence the variation 

of the subsequent periods of growth.  

For pigs grouped by weaning weight, a greater variation in growth rate for groups with 

lower weaning weight than groups with heavier weaning weights can be expected (Flohr et al., 
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2016). Thus, a numerical increase in days to market of light pigs when compared with heavy 

contemporaries can potentially disrupt a continuous flow as pigs are moved through the 

production system. 

Increasing weaning age affects subsequent post-weaning performance. Several studies 

have evaluated the impact of weaning age on final BW variation. Main et al., (2005) reported a 

decrease in CV of BW at weaning when weaning age increased from 12 to 21 d of age. This 

reduction in variation was maintained all the way to market, where a decrease of 3.4% in CV of 

BW was observed for pigs weaned at 21 d when compared with pigs weaned at 12 d of age. 

Faccin et al. (2020) reported a linear increase in average daily gain (ADG) and average daily 

feed intake (ADFI) that resulted in an improved G:F when weaning age was increased from 19 to 

28 d. This increase in performance was maintained up to 136 d after weaning, where BW was 

observed to increase linearly. Interestingly, CV of BW was affected by weaning age, but this 

difference between treatments disappeared by d 42 after weaning. Their results may be explained 

by the linear decrease in removal rate (8.01 to 1.65%) as weaning age increased. Removing light-

weight pigs from a group could have resulted in less variation on final BW within the younger 

weaning age populations. Conversely, Main et al. (2005) observed a linear decrease in BW CV 

on d 42 post-weaning as pigs weaning age increased from 15.5 to 21.5 d. However, this 

difference in variation at the end of the nursery period did not translate to significant difference 

in variation at market weight. This also could be in part attributed to a tendency of pigs weaned 

at 15.5 d to have increased removal rates when compared with pigs weaned on 21.5 d. A key 

point to understand is that a decrease in BW at weaning across a population can increase the 

number of light-weight pigs in the population, and, therefore, result in the overall mean BW of a 

normal distribution curve to shift to the lighter portion of the curve, but the shape of the curve 
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will remain the same. It was observed in our analysis that lighter mean BW represented greater 

variation (Figure 1a). However, when the population mean BW was increased, the rate of 

reduction in CV was less pronounced when compared with population of pigs at low BW. 

Therefore, strategies to increase growth rate of the lighter portion of the population of pigs needs 

to be prioritized. 

Strategies centered on the lighter portion of the population have been evaluated to 

achieve improvements in overall BW variation. The addition of dietary fat has been observed to 

improve the gain of lightweight pigs. Hastad et al. (2020) sorted pigs by light, mixed, and heavy 

BW categories at the beginning of the growing-finishing period (approximately 30 to 120 kg) 

and fed pigs a diet with or without added fat (i.e., 0 or 6%). While heavy pigs had greater ADG 

and ADFI when compared with the light pigs, the average combined growth performance of 

these groups was similar to that of mixed BW pigs. The inclusion of dietary fat fed to light-

weight pigs improved ADG, concluding that differences in final BW and CV of BW of light pigs 

when compared with heavy pigs can be reduced when fat is selectively included in the diet fed to 

the lighter portion of the population. 

Diets are commonly formulated to targeted BW ranges and provided as a feed budget 

with a specific amount of feed required for pigs to achieve the desired weight gain for that BW 

range. If a group of pigs grow slower, adjustments can be made to assure that pigs are consuming 

a diet formulated to their specific nutrient requirement before switching to the next diet. Lopez-

Verge et al. (2018) fed light-weight pigs on a budget or on a fixed time-basis and observed that 

the pigs fed on a budget were heavier throughout the entire growing–finishing period (18 to 90 

kg BW) with a 1.6% reduction on variation (11.3% vs 9.7% CV of BW) when compared to pigs 

fed on a fixed time-basis with less days needed to achieve target market BW. In addition, the 
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same study observed that provision of more feeder space (2.2 vs. 5.5 pigs per space) increased 

ADG, final BW, and numerically decreased CV of BW on 1.7 percent units when compared with 

pigs raised with less feeder space.  

In addition, health issues can have a negative impact in BW variation. Cornelison et al. 

(2018) evaluated two populations that were positive for porcine reproductive and respiratory 

syndrome virus (PRRSV), a high health challenged population, which was also positive to 

influenza type A virus, had 5.5% higher CV of BW at weaning when compared to a population 

with a low health challenge (only impacted by PRRS). This increased variation was maintained 

until market weight, with the population that was only positive for PRRSV having 3.3% lower 

CV of BW when compared to the population with a high health challenge (12.2% vs 15.5% CV 

of BW).  

Thus, pig BW variation within a population can be influenced by health, management, 

and nutrition. In general, lighter or slower growing pigs need to be prioritized in order to reduce 

the population’s BW variation. The most practical strategies may need to be combined to have 

desirable outcomes on BW variation within a pig population. The prediction regression equations 

that resulted from this analysis are for populations of pigs with a narrow age range. The variation 

estimates of a population may increase if the age range increases because of extended fill time or 

due to multiple groups of pigs being placed together over time.  

This meta-analysis aims to help understand variation as a function of body weight within 

a population of pigs. For producers, using these equations to estimate the percent of deviation of 

the mean body weight together with the kilograms of body weight deviated from overall mean 

can be beneficial in marketing programs. 
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Several strategies reviewed in this document show inconsistent responses to influence 

body weight variation, thus they need to be evaluated closely before implementation. The most 

practical strategies may need to be combined to have desired outcomes, but research has 

generally focused on single practices and not combining them to evaluate outcomes. In general, 

lighter/slow-growing pigs need the most focus to reduce pig population weight variation; 

however, investment in this subpopulation must be carefully evaluated to have a return an 

economic investment. 

Results of the present study suggest that further research identifying factors that influence 

variation in pig weight and performance measures and strategies to reduce variation is needed. 

Experiments reporting different methods to reduce pig BW variation are scarce and their findings 

are somewhat inconsistent. To the best of our knowledge, this is the first analysis that has 

summarized the relationships between body weight and measures of variation (CV and SD) as a 

function of live weight, whereas multiple studies and different populations have been evaluated 

to achieve a single meaningful prediction equation. Considering packer BW preferences, 

reducing BW variation allows for pigs to be marketed over a shorter window of time when 

compared with groups with wide variation. More uniform groups can be more profitable as fewer 

pigs are sold outside the packer’s BW allowances. Thus, modeling changes in CV and SD as a 

function of BW will help pork producers with marketing strategies to optimize facility use. 

Results of this meta-analysis indicate that the mean CV of a population had a decreasing 

quadratic relationship with pig BW. Coefficient of variation decreased as live weight increased, 

but the slope is less pronounced as mean live weight of the population became greater. 

Conversely, SD increased quadratically as BW increased, with the slope being less pronounced 

as BW increased within the population. These prediction equations can be used by swine 



12 

producers to estimate BW variability more accurately in a population of pigs. Further research is 

needed to investigate approaches that can assist producers in reducing and managing pig BW 

variation within a population in order to use facilities more efficiently and market more pigs 

within a packer-specified ideal BW range. 
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Table 1.1 Summary of publications used in the meta-analysis to predict measurements of variation from birth to market 

Publication 
Trial Sample size Group2 

Average initial 

BW, kg 

Average final 

BW, kg 

Average 

CV Start 

Average 

CV End 

Average 

SD Start 

Average 

SD End 

Peterson, 20043 1 3132 3 34.0 114.6 12.8 8.2 4.33 9.43 

Peterson, 20043 2 3492 3 5.38 107.8 16.8 9.1 0.91 9.81 

Main, 2004 1 2272 4 4.6 110.6 18.4 10.6 0.83 11.61 

Main, 2004 2 3456 3 4.8 115.6 19.8 9.6 0.95 11.24 

Fix, 2010 1 4108 1 4.92 103.12 23.78 13.18 1.17 13.60 

Fix, 2010 2 1052 1 1.54 115.2 23.77 7.71 0.37 8.88 

Beaulieu, 2010 1 1114 3 1.40 97.5 19.9 9.7 0.27 9.34 

Shull, 20133 1 120 2 5.7 167.5 20.5 8.7 1.17 14.49 

Shull, 20133  2 2240 7 5.8 175.8 19.8 9.4 1.15 15.82 

Shull, 20133  3 918 2 1.44 135.3 21.2 10.1 0.30 13.55 

Flohr, 20153 1 1092 4 36.3 138.4 14.9 7.2 5.41 9.96 

Zotti, 2017 1 1178 5 1.36 20.7 20.4 16.12 0.28 3.34 

Hastad, 20193 1 1032 2 30.7 118.3 15.6 12.5 4.80 14.78 

Hastad, 20193 2 1176 2 35.2 118.7 15.9 9.7 5.58 11.53 

Faccin, 2020 1 1176 4 6.1 21.5 20.2 19.1 1.25 4.10 

Williams, 2020 1 1448 5 6.1 124.7 17.8 10.1 1.07 12.57 
1For trials that reported variation by period, each period was identified in the database as a trial.  
2Number of groups within trial where measurements of variation were reported as a function of body weight.  
3Represents groups sorted by sex; all other groups were mixed sex. 
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Table 1.2 Regression equations to predict variation of pigs from birth to market 

Dependent variable 

Independent 

variable 
Intercept Live weight Live weight squared R squared1 

Coefficient of variation Live weight, kg 20.04 −0.135 0.00043 0.79 

Standard deviation Live weight, kg 0.41 0.150 −0.00041 0.95 
1Coefficient of determination (R2) 
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Figure 1 Plots of coefficient of variation (CV) and standard deviation (SD) as a function of body weight (BW) from birth to market. Gray 

area represents the 95% confidence interval on CV and SD of BW, respectively. (a) Relationship between CV and BW (CV = 20.04 – 0.135 

BW + 0.00043 BW2; standard error of regression coefficients, 0.253, 0.0112, 0.000078, respectively; 𝑅2 = 0.79, all terms P < 0.05). (b) 

Relationship between SD and BW (SD = 0.41 + 0.150 BW – 0.00041 BW2; standard error of regression coefficients, 0.133, 0.0059, 0.000041, 

respectively; 𝑅2 = 0.95, all terms P < 0.05).  
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Chapter 2 - Effects of reducing the standardized ileal digestible 

lysine and tryptophan to lysine ratio to slow growth of finishing pigs 

 Abstract 

The COVID-19 global pandemic greatly affected pork processing plants in the United States. 

These pork processing plants were forced to either temporarily close or operate at reduced 

capacity due to the increased number of health-related employee absences. Because finishing 

pigs could not be timely marketed, methods to reduce growth performance were required to keep 

pigs from becoming too heavy to slaughter. Therefore, our objective was to determine the extent 

that reducing dietary standardized ileal digestible (SID) Lys and Trp:Lys ratio would slow 

finishing pig ADG in a commercial setting. A total of 1,080 finishing pigs (327 × 1050, PIC; 

initially 32.3 kg) were used in a 119-d growth trial. Pigs were allotted by initial body weight 

(BW) and randomly assigned to 1 of 4 dietary treatments in a completely randomized block 

design with 27 pigs per pen and 10 pens per treatment. Three dietary regimes were formulated to 

contain either 100, 90, or 80% of the estimated SID Lys requirement for pigs in this facility, with 

a SID Trp:Lys ratio of 19%, with the exception of the last dietary phase formulated to 17% SID 

Trp:Lys. Seven different dietary phases were fed. The SID Lys concentrations in the 100% diets 

were: 1.10, 1.01, 0.91, 0.83, 0.79, 0.71, or 0.67% SID Lys from 32 to 40, 40 to 51, 51 to 72, 72 

to 85, 85 to 98, to 98 to 112, and 112 to 130 kg, respectively. A fourth regime was formulated to 

80% SID Lys with a SID Trp:Lys ratio of 16% (80–16% SID Trp:Lys) throughout all phases. 

Overall from d 0 to 119, ADG (linear, P < 0.001), final BW (linear, P < 0.001), and G:F 

decreased (linear, P = 0.087) as SID Lys decreased from 100 to 80% of the estimated 

requirement. Pigs fed the 80–16% SID Trp:Lys diets had an additional decrease in ADG (P < 

0.05) and G:F (P < 0.10) compared with pigs fed 80% of the SID Lys requirement with the 
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normal Trp:Lys ratio. The reduction in SID Lys (from 100 to 80%) and reduction in SID Lys and 

Trp:Lys ratio resulted in an 8.6 and 11.7 kg, respectively, decrease in final BW compared with 

pigs fed Lys and Trp at the requirement (100%). This study provides alternatives for pork 

producers to reduce growth rate of finishing pigs. 

Key Words: Grow-finish pigs, lysine, slow down growth, tryptophan 

 Introduction  

In 2020, because of the COVID-19 global pandemic, pork processing plants across the 

United States were either temporarily closed or had to decrease slaughter capacity due to the 

increased number of health-related employee absences. By April 2020, one month after the 

United States government issued a nationwide lockdown, processing plant capacity (i.e., level in 

which a processing plant uses its productive capacity) decreased by 47% (USDA Agricultural 

Marketing Service, 2020). As consequence, producers with pigs reaching market weights were 

unable to access the processing plants and had to find ways to reduce ADG so pigs would not 

exceed packer upper weight limits which would prevent harvesting. Swine producers have 

historically aimed to improve growth rate and feed efficiency to decrease the time it takes for a 

pig to reach optimal marketing weight. The typical average daily gain during the finishing phase 

is between 800 and 1,000 g/d with market weights of approximately 135 kg (Tokach et al., 

2021). Therefore, pork producers were challenged to find dietary strategies to decrease growth 

rate of pigs.  

 Rao et al. (2021) and Helm et al. (2021) observed that pigs fed extremely low levels of 

Lys (all corn-based diets) had reduced ADG, G:F, and final BW. Soto et al. (2019) observed a 

6.5% decrease in ADG as SID Lys decreased in the diet from 0.75 to 0.45% in 100 - to 125-kg 

pigs.. In addition, altering the amino acid balance of the diet is another nutritional strategy to 
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investigate. Previous research has observed that decreasing the ratio of Trp to Lys in the diet 

from 19 to 16% can reduce feed intake and decrease weight gain (Gonçalves et al., 2018). While 

there is considerable data indicating the optimal nutrient fortifications to maximize growth, there 

is limited data to examine nutrient alterations to most efficiently slow growth rate and increase 

the amount of time needed to reach market weights in the event of processing plant or facility 

shutdowns. In response, this experiment was conducted to determine the effect of reducing Lys 

and Trp on the growth performance of finishing pigs. Our objective was to determine to what 

extent reducing the level of SID Lys in diets for commercially raised grow-finish pigs will 

decrease growth performance, and the extent that reducing the Trp:Lys ratio would also decrease 

weight gain and slow down growth of pigs in the finishing period. 

 Materials and methods 

The Kansas State University Institutional Animal Care and Use Committee approved the 

protocol used in this study. 

 Animals and diets 

 The study was conducted at a commercial research-finishing site in southwest Minnesota 

(New Horizon Farms, Pipestone, MN). The barn was naturally ventilated and double-curtain-

sided with a slatted concrete floor and deep manure storage. Each pen (3.05 × 5.49 m) was 

equipped with a 5-hole stainless steel dry self-feeder (Thorp Equipment, Thorp, WI) and a bowl 

waterer for ad libitum access to feed and water. The facility was equipped with a computerized 

feeding system (FeedPro; Feedlogic Corp., Willmar, MN) that delivered and recorded daily feed 

additions. The experiment was conducted from June 19, 2020 to October 26, 2020. 

A total of 1,080 pigs (L337 × 1050, PIC; initially 32.0 kg) were used in a 119-d trial. 

Treatments were arranged in a randomized complete block design with 27 pigs per pen and 10 
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pens per treatment. Dietary treatments were fed in 7 phases and consisted of a control regimen 

(100% of the estimated current SID Lys requirement curve for pigs in the New Horizon Farms 

production system) formulated to contain 1.10, 1.01, 0.91, 0.83, 0.79, 0.71, and 0.67% SID Lys 

from 34 to 43, 43 to 61, 61 to 75, 75 to 86, 86 to 98, to 98 to 113, and 113 to 130 kg, 

respectively. Two additional regimens contained 90 or 80% of the SID Lys estimate. These 3 

regimes were formulated to a SID Trp:Lys ratio of 19% except for the last dietary phase that 

contained a 17% SID Trp:Lys ratio. The fourth regimen contained 80% of the SID Lys estimate 

with 16% SID Trp:Lys in all phases (Table 2.1 to 2.4). All diets were fed in meal form and 

prepared at the New Horizon Farms feed mill located in Pipestone, MN. 

Pens of pigs were weighed, and feed disappearance was measured approximately every 

14 d throughout the experiment to determine ADG, ADFI, and G:F. In addition, pig removal and 

mortality were recorded by farm staff and if there was evidence of tail-biting, it was reported. 

Two weeks before the end of the experiment, 2 pigs per pen were removed and marketed. Later, 

final weights were obtained for the remaining pigs and then they were marketed. No carcass data 

were collected because of restrictions to enter the processing plant due to the ongoing outbreak 

of COVID-19. 

 Statistical analysis 

Pen was the experimental unit for all data. Response variables were analyzed using a 

general linear mixed model. Linear and quadratic contrasts were used to evaluate the effect of 

SID Lys reduction (treatments 100, 90, and 80%) and a pairwise comparison was used to 

compare the 80% SID Lys treatment with the 80–16% SID Trp:Lys treatment. Heterogeneous 

residual variances as a function of the response variables were fitted as needed. Model 

assumptions were checked and considered to be appropriately met. The experimental data were 
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analyzed using the lme4 package in R program (version 3.5.2, R Foundation for Statistical 

Computing, Vienna, Austria). Results were considered significant at P ≤ 0.05 and a tendency at 

P ≤ 0.10. 

 Results 

For the overall period, ADG decreased (linear, P < 0.001) and a tendency (linear, P = 

0.087) was observed for decreased G:F with decreasing SID Lys. The linear reduction in ADG 

was found in all three reported phases (d 0 to 42, 42 to 84, and 84 to 119) whereas the feed 

efficiency response was only significant from d 0 to 42. Pigs fed 90 and 80% of the estimated 

Lys requirement for these pigs were approximately 4.3 and 8.6 kg lighter than pigs fed at their 

estimated requirement. There was no evidence of treatment differences (P = 0.176) observed in 

ADFI. 

Within the 80% SID Lys treatments, overall ADG and BW were decreased (P < 0.05) 

when a further reduction of the SID Trp:Lys ratio was applied. Pigs fed the lower SID Trp:Lys 

ratio diet were 3.1 kg lighter than the 80% SID Lys treatment and 11.7 kg lighter in final BW 

compared with those fed 100% of the Lys requirement estimate. For feed efficiency, pigs tended 

(P < 0.10) to have decreased G:F when the lower SID Trp:Lys ratio was applied. There were no 

differences (P > 0.05) in pigs removed, total mortality, and incidences of tail-biting were not 

observed throughout the study (data not shown). 

 Discussion 

The year 2020 was tremendously challenging for the swine industry supply chain due to 

the impact of the COVID-19 pandemic. The increasing number of worker-related absences 

resulted in a decrease in the utilization capacity of pork processing plants. Consequently, there 

was a major reduction in the number of pigs that could be processed daily (Millet et al., 2021; 
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Hayes et al., 2020). Producers were faced with pigs reaching market weights without the 

opportunity of being slaughtered resulting in pigs above the processing plants’ weight limits. 

Pigs exceeding this upper weight limit have virtually no economic value to the producer. Thus, 

swine producers were forced to find alternatives to slow down growth so pigs can stay in the 

facilities until processing plants either re-opened or had the processing capacity to accept pigs 

within the weight limit (Tokach et al., 2021).  

Management strategies such as increasing barn temperature or reducing the floor space 

allowance per pig in the pen (crowding) can result in reduced growth but also negatively affect 

animal welfare (Gonyou et al., 2006). Therefore, the most practical and favorable alternative to 

slow growth, while not impacting animal welfare, is to use dietary strategies that reduce protein 

deposition, and therefore, decrease growth rate of the pig. 

Multiple amino acid titration studies aimed to estimate amino acid concentrations for 

optimal growth and efficiency of the pig have been conducted and help to understand that when 

essential or limiting amino acids, such as Lys and Trp, were reduced, performance was impacted. 

Early studies by Hahn et al. (1995) illustrated that when Lys was fed below the requirement, 

daily gain and feed efficiency were affected negatively. In their study, Hahn et al. (1995) 

determined that the SID Lys requirement for barrows and gilts from 80 to 120 kg was 0.49 and 

0.52%, respectively. The lowest level of SID Lys fed was 0.41%, which represented a reduction 

of 16.3 and 21.2% for barrows and gilts, respectively, and these reductions resulted in a linearly 

decreased ADG and G:F. Similarly, Li et al. (2012) evaluated the performance of grow-finish 

pigs at three different body weight ranges (i.e., 29 to 47, 54 to 76, and 84 to 109 kg) and 

observed that pigs fed less SID Lys had reduced ADG and a linear decrease in G:F compared 

with pigs fed greater concentrations of SID Lys. Their study fed pigs a diet with SID Lys 
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reduced by 19.8, 11.6, and 19.1% of the requirement estimate in the previously mentioned 

weight ranges (0.77 vs 0.96, 0.68 vs 0.77, and 0.55 vs 0.68% SID Lys). These reductions 

resulted in an 8.8, 6.4, or 10.2% decrease in ADG and a 12.8, 9.1, or 7.7% decrease in feed 

efficiency. For the pigs in the heavier weight range (84 to 109 kg) the 19.1% SID Lys reduction 

resulted in a 2.9 kg lower final body weight after 28 d, therefore, these pigs would need 3.6 extra 

days to reach a maximum BW of 109 kg. A more recent study by Soto et al. (2019) using pigs 

over 100 kg (102 ± 0.4 kg) fed pigs up to 27.4% less SID Lys than the estimated requirement for 

maximum ADG and observed that there was a linear reduction in ADG of pigs. This body of 

literature helped set the stage when producers had to reduce the growth of their pigs due to 

extensive supply chain disruptions within the industry during the COVID-19 pandemic. Also, an 

additional repeatable consequence of reducing the dietary SID Lys level below requirement was 

a worsening of feed efficiency that must be considered. 

Other dietary alternatives to slow down growth include increasing the dietary fiber 

content of the diet that consequently reduces nutrient digestibility and increases digesta viscosity 

and volume (frequently associated with satiety) (Kerr and Shurson, 2013; Helm et al., 2021). 

However, Helm et al. (2021) fed pigs 75 to 105 kg BW a diet with increased levels of neutral 

detergent fiber (NDF) from 9.5 to 25% and observed a tendency for a decrease in weight gain the 

initial 7 d of feeding with no impact thereafter. Within the same experiment, Helm et al. (2021) 

aimed to severely impact growth by decreasing indispensable amino acid concentrations in the 

diet by either replacing 50% of soybean meal and feed-grade amino acids with corn or by 

feeding a 97% corn-based diet without soybean meal or feed-grade amino acids. These diets 

resulted in a decrease of 0.37 and 0.76% of SID Lys, respectively; however, the SID Trp:Lys 

increased from 0.18 to 0.22 and 0.26%, respectively. This reduction in SID Lys resulted in a 
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linear decrease in ADG of 17 and 59% and G:F of 16 and 60% when pigs were fed diets with 

0.48 and 0.18% SID Lys compared with pigs fed 0.77% SID Lys, respectively, which is in 

agreement with results from the current experiment. Rao et al. (2021) fed finishing pigs a diet 

with reduced SID Lys where pigs in the control treatment were fed 0.70% SID Lys and 2 

additional diets were formulated at 0.50 and 0.18% SID Lys. They observed a 17.4 and 16.3% 

decrease in ADG and a 14.9 and 15.2% reduction on G:F as SID Lys was reduced in the diet 

from 0.70 to 0.50 and 0.18% SID Lys, respectively. There was no impact on ADFI observed as 

SID Lys was reduced. 

Furthermore, research has elucidated that an amino acid imbalance can result in 

detrimental effects on growth performance. Reducing or increasing amino acids in the diet, can 

cause amino acid imbalances. Therefore, reducing the ratio of Leu, Val, or Trp in relation to Lys 

or increasing the sulfur amino acids (SAA) to Lys ratio can consequently decrease gain and 

overall growth of the pig (Gonçalves et al., 2018; Cemin et al., 2019; Tokach et al., 2021). 

Edmonds and Smith (2021) evaluated increasing the level of SAA by increasing the level of 

feed-grade Met in the diet. Their diets resulted in an increased ratio of SID SAA:Lys from 3.87 

to 5.05% on pigs from 109 to 144 kg. Increasing SID SAA:Lys ratio in the diet resulted in a 

significant reduction on ADG of 62% when pigs were fed highest level of SAA compared to pigs 

fed the lowest SAA:Lys ratio. In addition, Trp is typically the second limiting amino acid in 

corn-soybean meal-based diets and acts as a precursor to important biological roles, such as 

synthesis of serotonin, which is associated with regulating stress, sleep, and appetite (Le Floc’h 

and Seve, 2007). Therefore, reducing the level of Trp in relation to Lys in the diet can further 

reduce growth by decreasing feed intake. Multiple studies have evaluated the response in 

performance of pigs fed a diet formulated with varying ratios of Trp:Lys. Salyer et al. (2013) 
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noted that ADG, ADFI, and BW were negatively impacted if pigs were fed less than 16.5 and 

19.5% SID Trp:Lys from 36 to 73 and 66 to 124 kg of BW, respectively. This is consistent with 

Gonçalves et al. (2018) that observed reducing Trp in the diet from 19 to 16% of Lys resulted in 

reduced feed intake and decreased weight gain, and therefore, reduced G:F. In a similar fashion, 

Liu et al. (2019) conducted 2 experiments evaluating various SID Trp:Lys ratios in a diet fed to 

pigs from 50 to 80 and 80 to 110 kg, and it was estimated that the optimal SID Trp:Lys ratio for 

maximum ADG was 18% for both bodyweight ranges. A quadratic reduction in both ADG and 

ADFI was observed for growing and finishing pigs from 50 to 80 and 80 to 110 kg resulting in 

final BW being reduced by 1.9 or 2.2 kg, respectively, which was explained by a reduction in 

ADG and ADFI when fed 15 vs 18% SID Trp:Lys ratio for both bodyweight ranges. Reducing 

SID Trp:Lys in a diet that is also deficient in Lys was observed to further decrease growth and 

resulted in a lighter pig compared with pigs fed a diet with Lys at the requirement in the current 

experiment, which is in agreement with previous data (Salyer et al., 2013; Gonçalves et al., 2018; 

Liu et al., 2019). All in all, this information illustrates the impact that amino acid imbalances in 

the diet have on the performance of grow-finish pigs. Previous trials were carried out with small 

groups of pigs and in university research facilities, therefore, data were needed to evaluate the 

effect of reducing Lys and Trp to Lys ratio on growth performance utilizing larger pig groups 

and commercial facilities. To the best of our knowledge, this is the first study that has been 

carried out under field conditions that evaluated the effect of reducing Lys and Trp:Lys ratio in 

diets on the growth performance of finishing pigs 

The current study showed that if producers fed 80% of the SID Lys requirement to pigs 

starting at 32 kg, it would take 10.9 more days to reach 134 kg which was the final weight of the 

pigs fed the diet formulated to meet the amino acid requirements. In addition, if pigs were fed a 
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diet with 80% SID Lys and 16% SID Trp:Lys, it would take an additional 4.5 days (total of 15.4 

days) to achieve the same weight. This dietary strategy would enable producers to provide pigs 

more time in the barn avoiding becoming too heavy and risking economic penalties or 

acceptance to processing plants. 

In conclusion, the COVID-19 pandemic forced pork producers and nutritionists to 

evaluate situations that had not been a priority of the industry in the past and that can be helpful 

in future scenarios, such as human disease pandemics or supply chain disruptions This study 

presents useful information to producers regarding dietary changes to slow the growth of pigs 

during the grow-finish period.
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Table 2.1 Composition of phase 1 and 2 experimental diets (as-fed basis)1 

 Phase 1  Phase 2 

Ingredient, % 100 90 80 

80–16% 

Trp:Lys 

 

100 90 80 

80–16% 

Trp:Lys 

  Corn 49.60 52.91 56.27 56.36  50.78 53.74 54.66 54.69 

  Soybean meal, 46.5% CP 7.51 4.25 0.93 0.87  3.86 0.79 --- --- 

  DDGS 40.00 40.00 40.00 40.00  42.40 42.54 42.58 42.58 

  Limestone 1.39 1.42 1.44 1.44  1.42 1.44 1.45 1.45 

  Salt 0.46 0.46 0.46 0.46  0.45 0.45 0.45 0.45 

  L-Lys-HCl 0.68 0.65 0.63 0.63  0.67 0.65 0.55 0.55 

  DL-Met  0.05 0.02 --- ---  0.01 --- --- --- 

  L-Thr 0.12 0.10 0.09 0.08  0.11 0.10 0.05 0.05 

  L-Trp 0.07 0.07 0.07 0.04  0.08 0.07 0.06 0.04 

  Vitamin trace mineral premix without phytase2 0.10 0.10 0.10 0.10  0.10 0.10 0.10 0.10 

  Potassium chloride --- --- --- ---  0.10 0.10 0.10 0.10 

  Phytase3 0.02 0.02 0.01 0.02  0.02 0.01 0.01 0.01 

          

Calculated analysis          

SID AA, %          

Lys 1.10 0.99 0.89 0.89  1.01 0.91 0.81 0.81 

Ile:Lys 56 56 56 56  56 56 61 61 

Met:Lys 31 30 30 30  30 30 33 33 

Met and Cys:Lys 56 56 57 57  56 57 63 63 

Thr:Lys 60 60 60 60  61 61 61 61 

Trp:Lys 19.0 19.0 19.0 16.0  19.0 19.0 19.0 16.0 

Val:Lys 68 70 71 71  70 71 78 78 

SID Lys:NE, g/Mcal 4.75 4.28 3.80 3.80  4.37 3.93 3.50 3.50 

NE, kcal/kg 2,313 2,326 2,335 2,342  2,317 2,320 2,324 2,324 

Ca, % 0.58 0.58 0.58 0.58  0.58 0.58 0.58 0.58 

STTD P, % 0.36 0.35 0.32 0.34  0.36 0.33 0.33 0.33 
1Experimental diets were fed for 2 and 4 weeks for Phase 1 and Phase 2, respectively. 
2Provided per kg of diet: 110 mg Zn, 110 mg Fe, 0.30 mg I, 0.30 mg Se, 5,290 IU vitamin A, 1,323 IU vitamin D, 26.5 IU vitamin E, 1.2 

mg vitamin K, 22.5 mg niacin, 7.5 mg pantothenic acid, 2.25 mg riboflavin, and 11 µg vitamin B12. 
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3Optiphos 2000 (Huvepharma, Sofia, Bulgaria) was provided at a range of 372 to 615 FTU per kg providing an estimated release ranging 

from 0.08 to 0.10 STTD P, %. 
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Table 2.2 Composition of phase 3 and 4 experimental diets (as-fed basis)1 

 Phase 3  Phase 4 

Ingredient, % 100 90 80 

80–16% 

Trp:Lys 

 

100 90 80 

80–16% 

Trp:Lys 

  Corn 53.65 54.75 54.95 54.98  61.42 62.41 62.63 62.65 

  Soybean meal, 46.5% CP 1.02 --- --- ---  0.87 --- --- --- 

  DDGS 42.53 42.57 42.57 42.57  35.00 35.00 35.00 35.00 

  Limestone 1.31 1.32 1.32 1.32  1.26 1.27 1.27 1.27 

  Salt 0.45 0.45 0.45 0.45  0.49 0.49 0.45 0.45 

  L-Lys-HCl 0.65 0.57 0.45 0.45  0.58 0.51 0.40 0.40 

  L-Thr 0.11 0.07 0.01 0.01  0.10 0.07 0.01 0.01 

  L-Trp 0.07 0.06 0.05 0.02  0.07 0.06 0.04 0.02 

  Vitamin trace mineral premix without phytase2 0.10 0.10 0.10 0.10  0.10 0.10 0.10 0.10 

  Potassium chloride 0.10 0.10 0.10 0.10  0.10 0.10 0.10 0.10 

  Phytase3 0.01 0.01 0.01 0.01  0.02 0.01 0.01 0.01 

          

Calculated analysis         

SID AA, %          

Lys 0.91 0.82 0.73 0.73  0.83 0.74 0.66 0.66 

Ile:Lys 56 60 68 68  56 60 67 67 

Met:Lys 30 32 36 36  30 33 37 37 

Met and Cys:Lys 56 61 69 69  58 63 70 70 

Thr:Lys 62 62 62 62  63 63 63 63 

Trp:Lys 19.0 19.0 19.0 16.0  19.0 19.0 19.0 16.0 

Val:Lys 71 76 86 86  72 77 87 87 

SID Lys:NE, g/Mcal 3.95 3.56 3.16 3.16  3.51 3.16 2.81 2.81 

NE, kcal/kg 2,315 2,320 2,320 2,320  2,366 2,357 2,359 2,359 

Ca, % 0.53 0.53 0.53 0.53  0.51 0.51 0.51 0.51 

STTD P, % 0.35 0.30 0.30 0.30  0.32 0.29 0.29 0.29 
1Experimental diets were fed for 2 weeks. 
2Provided per kg of diet: 110 mg Zn, 110 mg Fe, 0.30 mg I, 0.30 mg Se, 5,290 IU vitamin A, 1,323 IU vitamin D, 26.5 IU vitamin E, 1.2 

mg vitamin K, 22.5 mg niacin, 7.5 mg pantothenic acid, 2.25 mg riboflavin, and 11 µg vitamin B12. 
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3Optiphos 2000 (Huvepharma, Sofia, Bulgaria) was provided at a range of 189 to 610 FTU per kg providing an estimated release ranging 

from 0.05 to 0.10 STTD P, %. 
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Table 2.3 Composition of phase 5 and 6 experimental diets (as-fed basis)1 

 Phase 5  Phase 6 

Ingredient, % 100 90 80 

80–16% 

Trp:Lys 

 

100 90 80 

80–16% 

Trp:Lys 

  Corn 65.90 67.52 67.69 67.71  67.51 67.66 67.80 67.82 

  Soybean meal, 46.5% CP 1.48 --- --- ---  --- --- --- --- 

  DDGS 30.00 30.00 30.00 30.00  30.00 30.00 30.00 30.00 

  Limestone 1.20 1.21 1.21 1.21  1.16 1.16 1.16 1.16 

  Salt 0.52 0.45 0.45 0.45  0.45 0.45 0.45 0.45 

  L-Lys-HCl 0.53 0.49 0.39 0.38  0.49 0.40 0.31 0.31 

  L-Thr 0.10 0.07 0.02 0.02  0.08 0.04 --- --- 

  L-Trp 0.06 0.05 0.04 0.02  0.06 0.04 0.03 0.01 

  Vitamin trace mineral premix without phytase2 0.09 0.09 0.09 0.09  0.09 0.09 0.09 0.09 

  Potassium chloride 0.10 0.10 0.10 0.10  0.10 0.10 0.10 0.10 

  Phytase3 0.02 0.01 0.01 0.02  0.01 0.01 0.01 0.01 

          

Calculated analysis          

SID AA, %          

Lys 0.79 0.71 0.63 0.63  0.71 0.64 0.57 0.57 

Ile:Lys 56 58 65 66  58 64 72 72 

Met:Lys 30 32 36 37  32 35 40 40 

Met and Cys:Lys 58 61 69 70  61 68 76 76 

Thr:Lys 63 63 63 63  64 64 65 65 

Trp:Lys 19.0 19.0 19.0 16.0  19.0 19.0 19.0 16.0 

Val:Lys 72 75 85 85  75 83 94 94 

SID Lys:NE, g/Mcal 3.31 2.98 2.65 2.65  2.98 2.69 2.39 2.39 

NE, kcal/kg 2,381 2,381 2,381 2,392  2,381 2,381 2,381 2,381 

Ca, % 0.49 0.49 0.49 0.49  0.47 0.47 0.47 0.47 

STTD P, % 0.30 0.27 0.27 0.30  0.26 0.26 0.26 0.26 
1Experimental diets were fed for 2 weeks. 
2Provided per kg of diet: 110 mg Zn, 110 mg Fe, 0.30 mg I, 0.30 mg Se, 5,290 IU vitamin A, 1,323 IU vitamin D, 26.5 IU vitamin E, 1.2 

mg vitamin K, 22.5 mg niacin, 7.5 mg pantothenic acid, 2.25 mg riboflavin, and 11 µg vitamin B12. 
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3Optiphos 2000 (Huvepharma, Sofia, Bulgaria) was provided at a range of 244 to 610 FTU per kg providing an estimated release ranging 

from 0.06 to 0.10 STTD P, %. 
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Table 2.4 Composition of phase 7 experimental diet (as-fed basis)1 

 Phase 7 

Ingredient, % 100 90 80 

80–16% 

Trp:Lys 

  Corn 78.90 81.16 82.74 82.75 

  Soybean meal, 46.5% CP 3.62 1.54 --- --- 

  DDGS 15.00 15.00 15.00 15.00 

  Limestone 1.09 1.10 1.11 1.11 

  Salt 0.60 0.45 0.45 0.45 

  L-Lys-HCl 0.40 0.39 0.35 0.35 

  L-Thr 0.09 0.08 0.06 0.06 

  L-Trp 0.03 0.03 0.03 0.02 

  Vitamin trace mineral premix without phytase2 0.09 0.09 0.09 0.09 

  Potassium chloride 0.10 0.10 0.10 0.10 

  Phytase3 0.02 0.02 0.02 0.02 

  Lipinate4 0.05 0.05 0.05 0.05 

     
Calculated analysis     
SID AA, %     

Lys 0.67 0.61 0.54 0.54 

Ile:Lys 56 56 58 58 

Met:Lys 29 31 33 33 

Met and Cys:Lys 57 60 65 65 

Thr:Lys 65 65 65 65 

Trp:Lys 17.0 17.0 17.0 16.0 

Val:Lys 71 73 77 77 

SID Lys:NE, g/Mcal 2.77 2.49 2.22 2.22 

NE, kcal/kg 2,439 2,452 2,459 2,459 

Ca, % 0.45 0.45 0.45 0.45 

STTD P, % 0.25 0.25 0.24 0.24 
1Experimental diets were fed for 2 weeks.  

2Provided per kg of diet: 110 mg Zn, 110 mg Fe, 0.30 mg I, 0.30 mg Se, 5,290 IU vitamin 

A, 1,323 IU vitamin D, 26.5 IU vitamin E, 1.2 mg vitamin K, 22.5 mg niacin, 7.5 mg 

pantothenic acid, 2.25 mg riboflavin, and 11 µg vitamin B12. 

3Optiphos 2000 (Huvepharma, Sofia, Bulgaria) provided at 615 FTU per kg with an 

estimated release of 0.10% available P. 
4Feed additive for animals used for managing carcass fat composition (Nutriquest LLC, 

Mason City, IA). 
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Table 2.5 Effects of reducing SID Lys and SID Trp:Lys ratio on growth performance of 

grow-finish pigs1,2 

 SID Lys, %3  P =4 

Item 100 90 80 
80 – 16% 

Trp:Lys 
SEM Linear Quadratic 

BW, kg       

  d 0 32.3 32.4 32.4 32.3 0.87 0.507 0.630 

  d 42 66.4 65.0 62.4a 60.0b 1.13 0.001 0.185 

  d 84 102.2 99.2 96.0c 93.5d 1.28 0.001 0.947 

  d 119 134.0 129.7 125.4a 122.3b 1.40 0.001 0.999 

d 0 to 42        

  ADG, kg 0.77 0.73 0.68a 0.62b 0.010 0.001 0.209 

  ADFI, kg 1.83 1.86 1.83c 1.74d 0.005 0.964 0.524 

  G:F 0.418 0.395 0.371a 0.357b 0.0591 0.001 0.869 

d 42 to 84        

  ADG, kg 0.87 0.83 0.82 0.81 0.009 0.001 0.305 

  ADFI, kg 2.49 2.43 2.38 2.43 0.057 0.122 0.943 

  G:F 0.348 0.341 0.343 0.332 0.0943 0.752 0.66 

d 84 to 119        

  ADG, kg 0.95 0.93 0.91 0.89 0.012 0.001 0.988 

  ADFI, kg 3.29 3.22 3.14 3.19 0.053 0.055 0.919 

  G:F 0.289 0.289 0.288 0.280 0.0692 0.887 0.969 

Overall (d 0 to 119)        

  ADG, kg 0.85 0.82 0.79a 0.76b 0.006 0.001 0.887 

  ADFI, kg 2.46 2.43 2.38 2.37 0.049 0.176 0.786 

  G:F 0.349 0.339 0.333d 0.323c 0.0550 0.087 0.862 
1A total of 1,080 pigs (initially 32.3 kg) were used with 27 pigs per pen and 10 replications per treatment. 
2BW = body weight; ADG = average daily gain; ADFI = average daily feed intake; G:F = gain-to-feed 

ratio. 
3Standardized ileal digestible (SID) Lys of the estimated requirement (100, 90 or 80%) or 80% with an 

additional reduction of SID Trp:Lys ratio to 16%. Treatments 100, 90 and 80 were fed 19% Trp:Lys ratio 

from 0 to 98d with the exception of the last phase were the ratio of Trp:Lys was 17%, from 98 to 119d. 
4Linear and quadratic contrasts included treatments 100, 90 and 80. 
a,bTreatment: 80 vs 80 - 16% Trp:Lys differ (P ≤ 0.05). 
c,dTreatment: 80 vs 80 - 16% Trp:Lys differ (P ≤ 0.10). 

Add content here.   



42 

Chapter 3 - Evaluation of increasing digestible threonine to lysine 

ratio in corn-soybean meal diets with and without distillers dried 

grains with solubles on growth performance of growing-finishing 

pigs 

 Abstract 

Corn distillers dried grains with solubles (DDGS’s) is commonly available and often can 

lower diet cost for swine diets. This corn co-product is recognized to be a source of dietary 

insoluble fiber which can increase villous length of the gut mucosa, but also increase intestinal 

loses of mucin. Mucin structure, functions, and synthesis are correlated to Thr intake, 

consequently, the dietary Thr level may need to be increased when feeding an insoluble fiber 

source such as corn-DDGS. Thus, the objective of this study was to evaluate if feeding SID 

Thr:Lys ratio at or above the estimated requirement in diets with and without DDGS would 

influence growth performance in finishing pigs. A total of 2,160 pigs (PIC 337 × 1050; initially 

35.1 ± 0.5 kg) were used in a 112-d growth trial. Pigs were randomly assigned to pens (27 pigs 

per pen) in a randomized complete block design by BW with 20 replications per treatment. Pens 

of pigs were allotted to 1 of 4 dietary treatments that were arranged in a 2 × 2 factorial with main 

effects of dietary Thr level (normal vs. high) and DDGS (with or without). Treatment diets were 

formulated in 4 phases from 34 to 57, 57 to 79, 79 to 104, and 104 to 130 kg BW. Diets with 

high DDGS were formulated to include 40% DDGS in phase 1 and 2, 30% in phase 3, and 15% 

in phase 4. The normal Thr diets were formulated to contain 61, 62, 63, and 65% standardized 

ileal digestible (SID) Thr:Lys ratios for the four dietary phases, respectively, as recommended by 

the NRC (2012). High Thr diets had SID Thr:Lys ratios of 67, 68, 69, and 72%, respectively. 
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There were no interactions (P > 0.10) observed in any phase or overall between Thr level and 

added DDGS. For the overall period (d 0 to 112), pigs fed diets without DDGS had increased (P 

< 0.001) ADG and BW and reduced (P < 0.001) ADFI leading to improved (P < 0.001) G:F. 

There was no evidence for difference (P > 0.10) between pigs fed diets formulated at normal or 

high SID Thr:Lys ratio. In summary, feeding high levels of DDGS reduced ADG and increased 

ADFI, which resulted in decreased G:F and lower final BW, regardless of the dietary SID 

Thr:Lys level. In the current study, increasing the level of digestible Thr in a diet that contained a 

highly insoluble fiber source did not increase growth performance of grow-finish pigs.  

Key Words: DDGS, grow-finish, growth, insoluble fiber, threonine  

 Introduction 

Early research by Wang and Fuller (1989) categorized Thr as the first limiting amino acid 

for maintenance, which suggests that the utilization of Thr for protein deposition is less than that 

for other body needs. The primary reason for this may be the extensive use of Thr by splanchnic 

tissues, resulting in some inefficiency of Thr conversion to body protein and greater utilization of 

Thr by intestinal tissue (Le Floc’h and Seve, 2005). These authors noted that labeled enrichments 

of Thr-bound protein were quite high in the pancreas and the mucosa compared to that of the 

liver, which led to the conclusion that Thr incorporation in mucosa protein and the pancreas 

would be very important (Le Floc’h and Seve, 2005). Similarly, Myrie et al. (2003) suggested 

that an increase in mucin production reduced body Thr retention. As intestinal tissue increases in 

size as the pig grows, mucin production could increase, and thus, the requirement for Thr would 

also increase to support the intestinal tract and growth of the pig. The NRC (2012) suggests that 

dietary requirement for SID Thr is 60 to 65% of that of SID Lys for pigs from 25 to 135 kg. 
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However, these minimum requirements may change depending on diet formulation and fiber 

type of the diet (Zhu et al., 2005).  

Furthermore, the abundant availability and lower cost of corn distillers dried grains with 

solubles (DDGS) has allowed nutritionists to partially replace corn, soybean meal, and 

supplemental phosphorus, reducing diet cost for grow-finish pigs. However, high concentrations 

of insoluble fiber in DDGS results in increased passage rate of chyme and increased endogenous 

losses of digestive enzymes, enterocytes, and mucin (Dilger et al., 2004). Therefore, greater 

inclusion of DDGS in diets can potentially influence mucin secretion, which in part, may impact 

gastrointestinal epithelial cells, digestive enzymes, and mucosal secretions of which Thr is a 

major component (Montagne et al., 2003).  

In a recent study, Mathai et al. (2016) fed pigs low- and high-fiber diets with or without 

15% soybean hulls, which is a source of both soluble and insoluble fiber, with increasing SID 

Thr:Lys ratios from 45 to 90% of the Lys requirement on pigs from 25 to 50 kg BW (NRC 

(2012) suggests a SID Thr:Lys of 60% for the pigs in this weight range). Results from that study 

showed a quadratic increase in ADG and G:F of pigs fed both low- and high-fiber diets. When 

combining the broken line and quadratic polynomial models, the estimated optimum SID 

Thr:Lys ratio for ADG was 63 and 66 and for G:F was 61 and 71% for pigs fed low- or high-

fiber diets, respectively. It was concluded that in order to maximize growth performance, the 

level of digestible Thr may need to be increased in diets containing soybean hulls as a source of 

fiber. However, it is unclear if increased Thr is also needed when diets contain DDGS as 

opposed to soybean hulls. Therefore, the objective of the study herein was to test whether high 

levels of DDGS, as an insoluble fiber source, increased the Thr:Lys ratio needed to maximize 

growth performance of finishing pigs. 
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 Materials and methods 

The Kansas State University Institutional Animal Care and Use Committee approved the 

protocol used in this experiment. 

 Animals and diets 

This experiment was conducted in two barns at a commercial research grow-finishing site 

in southwest Minnesota (New Horizon Farms, Pipestone, MN). Each barn was naturally 

ventilated and double-curtain-sided with a slatted concrete floor and deep manure storage. Each 

pen (3.05 × 5.49 m) was equipped with a 5-hole stainless steel dry self-feeder (Thorp Equipment, 

Thorp, WI) and a cup waterer for ad libitum access to feed and water. The facility was equipped 

with a computerized feeding system (FeedPro; Feedlogic Corp., Willmar, MN) that delivered 

and recorded daily feed additions. 

Two groups of 1,080 pigs (2,160 total pigs; PIC 337 × 1050; initially 35.1 ± 0.5 kg) were 

used in a 112-d growth trial. Pens of pigs (27 pigs per pen) were randomly assigned to 1 of 4 

dietary treatments in a randomized complete block design with BW serving as the blocking 

factor resulting in 20 observations (pens) per treatment. Dietary treatments were arranged in a 2 

× 2 factorial with main effects of SID Thr:Lys ratio (normal vs. High) and DDGS (with or 

without). Diets were fed in 4 phases from 34 to 57, 57 to 79, 79 to 104, and 104 to 130 kg BW 

(Table 3.1 and 3.2). Diets with DDGS were formulated to contain 40% DDGS in phase 1 and 2, 

30% in phase 3, and 15% in phase 4. the diets with normal Thr level were formulated to contain 

SID Thr:Lys ratios of 61, 62, 63, and 65%, and the high Thr diets had SID Thr:Lys ratios of 67, 

68, 69 and 72%, for the four dietary phases, respectively. Diets were formulated using NRC 

(2012) ingredient AA values and SID coefficients. All treatment diets were manufactured at New 
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Horizon Farms Feed Mill in Pipestone, MN, and were formulated to meet or exceed NRC (2012) 

requirement estimates for growing-finishing pigs for their respective weight ranges. 

Pens of pigs were weighed, and feed disappearance was determined every 2 weeks to 

determine ADG, ADFI, and G:F. Two weeks before the end of the experiment, 3 pigs per pen 

were removed and marketed. The remaining pigs in the pen were weighed and marketed at the 

completion of the experiment. No carcass data were collected because of packing plant 

restrictions due to COVID-19. 

 Statistical analysis 

Pens of pigs were the experimental units for all data. Data were analyzed using the nlme 

package of R (Version 4.0.0, R Foundation for Statistical Computing, Vienna, Austria) as a 

randomized complete block design with body weight as the blocking factor and pen as the 

experimental unit. The main effects and interactions of DDGS and Thr level were tested. Model 

assumptions were checked and considered to be appropriately met. Differences between 

treatments were considered significant at P ≤ 0.05 and marginally significant at 0.05 < P ≤ 0.10. 

 Results 

There were no interactions observed between SID Thr:Lys ratio and DDGS for any 

response criteria (Table 3.3). Furthermore, no differences were detected (P > 0.10) for ADG, 

ADFI, G:F or BW for pigs fed diets at the required Thr:Lys ratios compared to pigs fed high 

Thr:Lys throughout the study.  

From d 0 to 56, pigs fed diets without DDGS had increased (P < 0.001) ADG, d 56 BW 

and improved (P < 0.001) G:F, whereas pigs fed diets with DDGS tended (P = 0.08) to have 

increased ADFI compared to pigs fed diets without DDGS (Table 3.4). Interestingly, from d 56 

to 112, pigs fed DDGS had increased (P = 0.019) ADG compared with pigs fed diets without 
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DDGS, which could be explained by the reduction in DDGS level from 40 to 30 and 15% in the 

third and fourth dietary phase, respectively. Pigs fed diets without DDGS had decreased (P = 

0.004) ADFI and improved (P = 0.004) G:F compared to those pigs fed high DDGS. 

Overall (d 0 to 112), pigs fed diets without DDGS had increased (P < 0.001) ADG and 

BW, reduced (P < 0.001) ADFI, and improved (P < 0.001) G:F compared with pigs that were fed 

diets with DDGS. 

 Discussion 

The fiber content of a feed ingredient is normally measured using various methods which 

include crude fiber, neutral detergent fiber (NDF), acid detergent fiber (ADF), and total dietary 

fiber (TDF). Total dietary fiber includes insoluble dietary fiber (IDF) and soluble dietary fiber 

(SDF) and is designed to characterize types of indigestible carbohydrates in feedstuffs (Kerr et 

al., 2013). Corn DDGS is predominantly considered an insoluble fiber source because most of 

the TDF in DDGS is insoluble, ranging from 31.8 to 37.3%, whereas the soluble fiber 

component ranges from 0.0-1.8% (Urriola et al., 2010). The high insoluble fiber content of corn 

DDGS may influence pig performance but also intestinal health. Insoluble fibers can act in the 

intestinal tract by increasing water holding capacity, which increases digesta viscosity and 

increases fecal bulkiness as well as digesta passage rate (McRorie and McKeown, 2017). In 

addition, mucus in the intestinal tract of pigs is characterized by its high level of serine, proline, 

and particularly Thr (Święch et al., 2019). Mucins form intestinal mucus, are secreted by goblet 

cells, and are resistant to digestion (Święch et al., 2019). Consequently, an increase in goblet cell 

numbers in the villi or crypts may result in an increase in intestinal mucus, and therefore, greater 

ileal endogenous loses of Thr (Święch et al., 2019). 
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Schaart et al. (2005) observed that 40 to 60% of dietary Thr was absorbed by the portal-

drained viscera in the pig. In addition, Law et al. (2007) observed that dietary deficiency of Thr 

reduced the number of goblet cells and mucin content in the small intestine, which was not 

restored by intravenous administration of Thr, concluding that the intestinal tract of the pig uses 

considerable amounts of Thr from the lumen rather than from arterial blood. Degradation of Thr 

by gut bacteria from the Clostridium family results in volatile fatty acid production, which are 

important in modulating immunological response and in maintaining intestinal function (Neis et 

al., 2015; Tang et al., 2021; Zang et al., 2021). Furthermore, studies in fish have shown that 

dietary Thr deficiency reduces the activity of intestinal enzymes, such as trypsin, alpha-amylase, 

chymotrypsin, and lipase (Hong et al., 2015). Thus, Thr appears to be involved in significant 

roles including intestinal barrier function, immune response, and absorptive capacity. As the pig 

grows, the requirement for amino acids that are used for maintenance, such as Thr, increases, and 

the NRC (2012) estimates that dietary requirement for SID Thr is 60 to 65% of SID Lys for pigs 

from 25 to 135 kg. However, research suggests that these minimum requirement estimates may 

change depending on ingredients used in diet formulation, especially ingredients affecting the 

fiber content of the diet (Zhu et al., 2005). 

While data from the current study did not show an influence of increasing the SID 

Thr:Lys ratio on pig performance, Mathai et al. (2016) observed improved performance of 

growing pigs when increased SID Thr:Lys ratio was included in high-fiber diets compared with 

pigs fed a low-fiber diet. The diets used were formulated to contain high- and low-fiber by 

including soybean hulls (15 or 0% soybean hulls, respectively), which is both an insoluble and 

soluble fiber source. Mathai et al. (2016) included 45 to 90% SID Thr:Lys (45, 54, 63, 72, 81, 

and 90% SID Thr:Lys) for pigs from 25 to 50 kg. The quadratic curve estimation for maximum 
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ADG when feeding a low fibrous diet compared to a high fibrous diet increased from 76 to 80% 

SID Thr:Lys ratio. Using Mathai et al. (2016) quadratic equation, the increase in gain when 

going from 76 to 80% SID Thr:Lys resulted in 1.8 g/d improved gain. Over a 112-d period, this 

would result in a 201.6 g heavier pig. Even though the findings suggested an increase in the 

requirement, the response was small and almost impossible to measure. Furthermore, Zhu et al. 

(2005) fed growing pigs increasing levels of dietary pectin from 0 to 12% and an additional 

treatment that provided 8% cellulose. A linear decrease in ileal digestible Thr utilization for 

protein deposition was observed as pectin increased in the diet, however, cellulose level of the 

diet did not influence the utilization of Thr suggesting that fiber type may have an impact on the 

Thr requirement. Soluble fiber includes pectins, gums, and β-glucans, whereas insoluble fiber 

includes cellulose and hemicellulose (Jha and Berrocoso, 2015). In the current study, only DDGS 

(a source of insoluble fiber) was used in the diet, and pig performance decreased with no 

ameliorating effect of increasing digestible Thr. Therefore, this presents the possibility that the 

greater insoluble fiber content of DDGS may not result in an increased need for digestible 

Thr:Lys ratio above the pigs’ current estimated requirement.  

The current study corroborated that the high inclusion (i.e., 40%) of corn co-products, 

such as DDGS, which is commonly used in grow-finishing diets at the expense of corn and 

soybean meal, negatively impacts growth performance. Hardman (2013) observed that increasing 

DDGS inclusion from 0 to 40% in the diet for grow-finish pigs from 23 to 128 kg, linearly 

reduced ADG and resulted in a 1.4 kg reduction in weight after 120 days compared with pigs fed 

the diet without DDGS. A cooperative study by Cromwell et al. (2011) included 560 pigs from 9 

university research stations and fed pigs from 32 to 120 kg diets with increasing levels of DDGS 

from 0 to 45% resulting in a linear decrease in ADG and in a 3 kg reduction in final BW. These 
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results are in agreement with the current study where feeding a diet with DDGS to pigs from 35 

to 136 kg decreased gain and feed efficiency, and reduced final body weight by 3.2 kg compared 

with pigs fed diets without DDGS.  

In conclusion, the current study demonstrated that feeding diets with high levels of 

insoluble fiber from DDGS decreased growth performance.  In this study, increasing the 

digestible Thr concentration in DDGS containing diets did not improve growth performance. 

Further research should explore whether fiber type influences the SID Thr:Lys requirement of 

growing and finishing pigs. 
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Table 3.1 Composition of phase 1 and 2 diets (as-fed basis) 

 Phase 1  Phase 2 
 No DDGS  DDGS  No DDGS  DDGS 

Item Normal Thr High Thr   Normal Thr High Thr   Normal Thr High Thr   Normal Thr High Thr 

Ingredients, %            

  Corn 72.67 72.60  50.34 50.27  78.90 78.84  55.75 55.70 

  Soybean meal 24.64 24.65  6.82 6.82  18.51 18.51  1.49 1.49 

  Corn DDGS --- ---  40.00 40.00  --- ---  40.00 40.00 

  Limestone 0.95 0.95  1.35 1.35  0.95 0.95  1.35 1.35 

  Monocalcium P (21% P) 0.60 0.60  --- ---  0.55 0.55  --- --- 

  Salt 0.50 0.50  0.50 0.50  0.50 0.50  0.50 0.50 

  L-Lys-HCl 0.30 0.30  0.60 0.60  0.30 0.30  0.58 0.58 

  DL-Met 0.08 0.08  0.03 0.03  0.05 0.05  --- --- 

  L-Thr 0.08 0.14  0.12 0.19  0.08 0.13  0.11 0.17 

  L-Trp 0.01 0.01  0.07 0.07  0.02 0.02  0.07 0.07 

  Mineral-vitamin premix2 0.15 0.15  0.15 0.15  0.13 0.13  0.13 0.13 

  Phytase3 0.03 0.03  0.03 0.03  0.03 0.03  0.03 0.03 

Total 100 100  100 100  100 100  100 100 

Calculated analysis            
Standardized ileal digestible (SID) amino acids, % 

Lys 1.02 1.02  1.02 1.02  0.87 0.87  0.87 0.87 

Ile:Lys 62 62  55 55  61 61  55 55 

Leu:Lys 136 136  169 169  144 143  184 184 

Met:Lys 33 33  32 32  32 32  32 32 

Met and Cys:Lys 58 58  58 58  58 58  60 60 

Thr:Lys 61 67  61 67  62 68  62 68 

Trp:Lys 19.1 19.1  19.1 19.1  19.1 19.1  19.1 19.1 

Val:Lys 69 69  69 69  70 70  71 71 

SID Lys:NE, g/Mcal 4.13 4.13  4.14 4.14  3.47 3.47  3.49 3.49 

NE, kcal/kg 2,472 2,472 
 

2,461 2,461  2,509 2,509 
 

2,492 2,494 

CP, % 18.14 18.19  19.39 19.43  15.72 15.76  17.25 17.28 

Ca, % 0.58 0.58  0.61 0.61  0.55 0.55  0.59 0.59 
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P, % 0.49 0.49  0.47 0.47  0.46 0.45  0.45 0.45 

STTD P, % 0.37 0.37   0.37 0.37   0.35 0.35   0.36 0.36 

NDF, % 8.64 8.64  18.55 18.54  8.71 8.70  18.60 18.60 

IDF, %4 11.90 11.89  20.28 20.28  11.54 11.54  19.97 19.97 
1Phases 1 and 2 were fed from 34.9 to 57.4, and 57.4 to 82.5 kg, respectively. 
2Provided per kg of diet: 110 mg Zn, 110 mg Fe, 0.30 mg I, 0.30 mg Se, 5,290 IU vitamin A, 1,323 IU vitamin D, 26.5 IU vitamin E, 1.2 mg 

vitamin K, 22.5 mg niacin, 7.5 mg pantothenic acid, 2.25 mg riboflavin, and 11 µg vitamin B12. 

3Optiphos 2000 (Huvepharma Inc. Peachtree City, GA) provided 858.7 units of phytase /kg of diet with an assumed release of 0.12% STTD P. 
4Insoluble digestible fiber. Matrix loading values derived from Navarro (2018). 
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Table 3.2 Composition of phase 3 and 4 diets (as-fed basis) 

 Phase 3  Phase 4 
 No DDGS  DDGS  No DDGS  DDGS 

Item Normal Thr High Thr   Normal Thr High Thr   Normal Thr High Thr   Normal Thr High Thr 

Ingredients, %            

Corn 83.54 83.49  66.02 65.97  85.82 85.77  77.09 77.04 

Soybean meal 14.01 14.01  1.44 1.45  11.95 11.95  5.67 5.67 

Corn DDGS --- ---  30.00 30.00  --- ---  15.00 15.00 

Limestone 0.95 0.95  1.25 1.25  0.90 0.90  1.05 1.05 

Monocalcium P (21% P) 0.45 0.45  --- ---  0.25 0.25  --- --- 

Salt 0.50 0.50  0.50 0.50  0.50 0.50  0.50 0.50 

L-Lys-HCl 0.30 0.30  0.50 0.50  0.30 0.30  0.40 0.40 

DL-Met 0.03 0.03  --- ---  0.02 0.02  --- --- 

L-Thr 0.08 0.13  0.10 0.15  0.09 0.14  0.10 0.15 

L-Trp 0.02 0.02  0.06 0.06  0.02 0.02  0.04 0.04 

Mineral-vitamin premix2 0.10 0.10  0.10 0.10  0.08 0.08  0.08 0.08 

Phytase3 0.03 0.03  0.03 0.03  0.03 0.03  0.03 0.03 

Total 100 100  100 100  100 100  100 100 

Calculated analysis            
Standardized ileal digestible (SID) amino acids, %    

Lys 0.76 0.76  0.76 0.76  0.71 0.71  0.71 0.71 

Ile:Lys 60 60  55 55  60 60  57 57 

Leu:Lys 151 150  186 186  155 155  173 173 

Met:Lys 31 31  32 32  30 30  31 31 

Met and Cys:Lys 58 58  62 62  58 58  60 60 

Thr:Lys 63 69  63 69  65 72  65 72 

Trp:Lys 19.2 19.2  19.1 19.1  19.0 19.0  19.1 19.1 

Val:Lys 70 70  72 72  70 70  71 71 

SID Lys:NE, g/Mcal 2.99 2.99  3.01 3.01  2.78 2.78  2.78 2.78 

NE, kcal/kg 2,540 2,540  2,527 2,527  2,558 2,558  2,551 2,551 

CP, % 13.94 13.98  15.17 15.20  13.15 13.19  13.76 13.80 

Ca, % 0.52 0.52  0.54 0.54  0.45 0.45  0.46 0.46 

P, % 0.41 0.41  0.40 0.40  0.36 0.36  0.35 0.35 
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STTD P, % 0.32 0.32   0.32 0.32   0.28 0.28   0.27 0.27 

NDF, % 8.76 8.76  16.18 16.18  8.80 8.79  12.51 12.51 

IDF, %4 11.29 11.28  17.63 17.62  11.19 11.18  14.36 14.36 
1Phases 3 and 4 were fed from 82.5 to 108.2, and 108.2 to market, respectively. 
2Provided per kg of diet: 110 mg Zn, 110 mg Fe, 0.30 mg I, 0.30 mg Se, 5,290 IU vitamin A, 1,323 IU vitamin D, 26.5 IU vitamin E, 1.2 mg 

vitamin K, 22.5 mg niacin, 7.5 mg pantothenic acid, 2.25 mg riboflavin, and 11 µg vitamin B12. 

3Optiphos 2000 (Huvepharma Inc. Peachtree City, GA) provided 858.7 units of phytase/kg of diet with an assumed release of 0.12% STTD P. 
4Insoluble digestible fiber. Matrix loading values derived from Navarro (2018). 
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Table 3.3 Interactive effects of DDGS and Thr on grow-finish pig performance 

 No DDGS  DDGS2  P = 

Item 
Normal Thr3 High Thr4  Normal Thr3 High Thr4 

SEM 

Thr × 

DDGS Thr DDGS 

Initial BW, kg          

  d 0 35.1 35.1  35.1 34.9 0.47 0.384 0.503 0.259 

  d 56 84.1 84.8  80.9 80.5 0.67 0.222 0.755 < 0.001 

  d 112 136.6 136.9  133.6 133.3 0.80 0.655 0.972 < 0.001 

Day 0 to 56          

  ADG, kg 0.90 0.90  0.84 0.84 0.011 0.635 0.986 < 0.001 

  ADFI, kg 2.10 2.14  2.18 2.15 0.029 0.168 0.651 0.081 

  G:F 0.429 0.421  0.387 0.389 0.0039 0.133 0.379 < 0.001 

Day 56 to 112          

  ADG, kg 0.94 0.94  0.96 0.97 0.016 0.597 0.926 0.019 

  ADFI, kg 3.12 3.15  3.29 3.29 0.044 0.488 0.572 0.004 

  G:F 0.304 0.299  0.292 0.293 0.0037 0.294 0.547 0.004 

Day 0 to 112          

  ADG, kg 0.92 0.92  0.89 0.89 0.006 0.989 0.973 < 0.001 

  ADFI, kg 2.59 2.64  2.72 2.71 0.027 0.252 0.556 < 0.001 

  G:F 0.356 0.350  0.331 0.332 0.0030 0.164 0.408 < 0.001 
1A total of 2,160 pigs were used in two groups with 27 pigs per pen and 10 replicates per treatment. Phase 1 was fed from 

day 0 to 28, phase 2 from day 28 to 56, phase 3 from day 56 to 84, and phase 4 from day 84 to 112. 
2DDGS included at 40% in phase 1 and 2, 30% in phase 3 and 15% in phase 4. 
3SID Thr:Lys were 61, 62, 63, and 65 in phase 1, 2, 3, and 4, respectively. 
4SID Thr:Lys were 67, 68, 69, and 72 in phase 1, 2, 3, and 4, respectively. 
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Table 3.4 Main effects of DDGS and Thr on grow-finish pig performance 

 DDGS2   Thr   

 No DDGS High DDGS SEM P = Normal Thr3 High Thr4 SEM P = 

Initial BW, lb 
        

  d 0 35.1 34.9 0.46 0.259 35.1 35.0 0.46 0.503 

  d 56 84.4 80.7 0.59 < 0.001 82.5 82.6 0.59 0.755 

  d 112 136.7 133.4 0.63 < 0.001 135.1 135.1 0.63 0.972 

Day 0 to 56         

  ADG, l kg 0.90 0.84 0.010 < 0.001 0.87 0.87 0.010 0.986 

  ADFI, kg 2.12 2.16 0.023 0.081 2.14 2.15 0.023 0.651 

  G:F 0.425 0.388 0.0032 < 0.001 0.408 0.405 0.0032 0.379 

Day 56 to 112         

  ADG, kg 0.95 0.96 0.014 0.019 0.96 0.95 0.014 0.926 

  ADFI, kg 3.14 3.29 0.038 < 0.001 3.21 3.22 0.038 0.572 

  G:F 0.302 0.293 0.0029 0.004 0.298 0.296 0.0029 0.547 

Day 0 to 112         

  ADG, kg 0.92 0.89 0.004 < 0.001 0.91 0.91 0.004 0.973 

  ADFI, kg 2.61 2.71 0.019 < 0.001 2.66 2.67 0.019 0.556 

  G:F 0.353 0.332 0.0024 < 0.001 0.343 0.341 0.0024 0.408 
1A total of 2,160 pigs were used in two groups with 27 pigs per pen and 10 replicates per treatment. Phase 1 was fed 

from day 0 to 28, phase 2 from day 28 to 56, phase 3 from day 56 to 84, and phase 4 from day 84 to 112. 
2DDGS included at 40% in phase 1 and 2, 30% in phase 3 and 15% in phase 4. 
3SID Thr:Lys were 61, 62, 63, and 65 in phase 1, 2, 3, and 4, respectively. 
4SID Thr:Lys were 67, 68, 69, and 72 in phase 1, 2, 3, and 4, respectively. 
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