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Abstract: The objective of the experiment was to determine the 

Standardized Ileal Digestible (SID) lysine requirement for weanling pigs 

from 6 to 10 kg of Body Weight (BW). A total of 216 weanling pigs with 

an initial BW of 6.23±0.93 kg were assigned to six diets in a randomized 

complete block design with five blocks based on BW. Six corn-dried whey-

soybean meal-based diets were formulated to contain 6 concentrations of 

SID lysine from 1.17 to 1.62% with an increment of 0.09% at the expense 

of corn. Pigs were fed experimental diets during 14 days of trial and BW of 

pigs and feed intake were recorded on day 7 and 14. During the first 7 days, 

average daily gain, Average Daily Feed Intake (ADFI) and Gain:Feed (G:F) 

of pigs were not affected by the dietary SID lysine concentration. However, 

the ADFI of pigs linearly decreased (p=0.002) as the SID lysine 

concentration increased during the following 7 days. During the overall 

period, the addition of dietary SID lysine linearly decreased (p=0.007) 

ADFI whereas linearly increased (p=0.011) G:F. The SID lysine 

requirement was determined by four different statistical analyses including 

linear broken-line model, quadratic broken-line model, 95% of the upper 

asymptotic value of quadratic model and the former intercept between 

plateau of the linear broken-line model and quadratic model. Mean value 

for the SID lysine requirement was 1.43% (4.07 g/Mcal metabolizable 

energy), ranged from 1.39 to 1.49% (from 3.95 to 4.24 g/Mcal 

metabolizable energy) based on G:F of pigs from 6 to 10 kg of BW. 
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Introduction 

Lysine is generally the first-limiting Amino Acid 

(AA) in corn-soybean meal-based swine diets and 

thus, the lysine requirement is traditionally considered 

as the standard for the other AA requirements (Wang 

and Fuller, 1989; Chung and Baker, 1992; NRC, 

2012). Stein et al. (2007) and Kong and Adeola 

(2014) suggested that dietary AA concentration 

should be expressed as Standardized Ileal Digestible 

(SID) AA in order to appropriately represent the 

available AA contents in feed ingredients and diets. 

Based on these concepts, NRC (2012) suggested estimates 

of dietary lysine requirement as SID lysine concentration; 

however, the SID lysine requirement for weanling pigs 

were estimated not by using growth model based on 

various biological approaches but by using empirical 

approach because of the lack of information.  

The empirical approach employed in NRC (2012) 
was based on regression analysis for the SID lysine 
requirement observed in previous experiments relative 
to Body Weight (BW) of pigs from 5 to 20 kg. 
However, accuracy of this approach is questionable 
because the empirical approach did not consider 
various factors affecting the SID lysine requirement 
such as conversion of nutrient to body composition 
(de Lange et al., 2001), gender (Cromwell et al., 
1993), genotype (Schneider et al., 2010) and 
voluntary feed intake predicted by energy 
concentration in diets (Kil et al., 2013). 

After revised edition of NRC (2012) was published, few 

experiments were conducted to determine the SID lysine 

requirement for weanling pigs (Nemechek et al., 2012; 

Jones et al., 2014). Moreover, the information on SID 

lysine requirements for weanling pigs is still insufficient 

to evaluate the estimates of SID lysine requirement for 

weanling pigs. Therefore, the objective of this 
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experiment was to determine the SID lysine 

requirement for weanling pigs from 6 to 10 kg of BW. 

Materials and Methods 

Animals and Experimental Design 

The present experiment was reviewed and approved by 
the Institutional Animal Care and Use Committee at the 
Konkuk University. 

A total of 216 crossbred piglets were weaned at 
approximately 21 days (d) of age with a mean BW of 
6.00±0.77 kg. Pigs were fed a commercial diet for 8 d 
before the experimental period. At the beginning of the 
experiment, pigs were assigned to six dietary treatments in a 
randomized complete block design with five blocks based 
on BW using a spreadsheet program developed by Kim and 

Lindemann (2007). Each dietary treatment consisted of 
three replicate pens with six pigs per pen and two replicate 
pens with nine pigs per pen. Sex was balanced within 
replicate. Each pen was equipped with a feeder and two 
nipple drinkers. Pigs had free access to feed and water. 

Experimental Diets 

Six experimental diets mainly based on ground corn, 

dried whey, soybean meal, spray-dried plasma protein 

and fish meal were prepared (Table 1). Diets were 

formulated on an SID basis using ingredient SID AA 

concentrations provided by NRC (2012). Experimental 

diets contained 6 concentrations of SID lysine from 1.17 

to 1.62% with an increment of 0.09% by adding 

crystalline L-lysine·HCl at the expense of ground corn.

 
Table 1. Ingredient and calculated nutrient composition of experimental diets (as-fed basis) 

 SIDa lysine (%) 
 -------------------------------------------------------------------------------------------------------------------- 
Item 1.17  1.26  1.35  1.44  1.53  1.62  

Ingredient (%) 
Ground corn 48.0  47.7  47.4  47.2  46.9  46.6  
Soybean meal, 48% crude protein 18.0  18.0  18.0  18.0  18.0  18.0  
Dried whey 20.0  20.0  20.0  20.0  20.0  20.0  
Spray-dried plasma proteinb 4.00  4.00  4.00  4.00  4.00  4.00  
Fish meal 5.00  5.00  5.00  5.00  5.00  5.00  
Soybean oil 3.00  3.00  3.00  3.00  3.00  3.00  
Ground limestone 1.10  1.10  1.10  1.10  1.10  1.10  
Dicalcium phosphate 0.12  0.12  0.12  0.12  0.12  0.12  
Salt 0.30  0.30  0.30  0.30  0.30  0.30  
Vitamin premixc 0.10  0.10  0.10  0.10  0.10  0.10  
Mineral premixd 0.20  0.20  0.20  0.20  0.20  0.20  

L-Lysine·HCl 0.00  0.11  0.23  0.34  0.46  0.57  

DL-Methionine 0.14  0.20  0.26  0.32  0.38  0.45  

L-Threonine 0.09  0.16  0.22  0.29  0.36  0.42  

L-Tryptophan 0.00  0.02  0.04  0.06  0.08  0.10  
Total 100.0 100.0 100.0 100.0 100.0 100.0 
Calculated nutriente (%) 
Metabolizable energy, kcal/kg 3,509  3,512  3,515  3,518  3,521  3,524  
Crude protein 21.3  21.5  21.7  21.8  22.0  22.2  
Calcium 0.84 0.84 0.84 0.84 0.84 0.84 
Phosphorus 0.61 0.61 0.61 0.61 0.61 0.61 
STTDf phosphorus 0.42 0.42 0.42 0.42 0.42 0.42 
Total amino acid (%) 
Lysine 1.33  1.42  1.51  1.60  1.69  1.78  
Methionine 0.49  0.55  0.61  0.68  0.74  0.80  
Methionine + Cysteine 0.90  0.96  1.02  1.08  1.14  1.20  
Threonine 1.01  1.07  1.14  1.20  1.27  1.33  
Tryptophan 0.28  0.29  0.31  0.33  0.35  0.37  
SID amino acid (%) 
Lysine 1.17  1.26  1.35  1.44  1.53  1.62  
Methionine 0.45  0.51  0.57  0.63  0.69  0.75  
Methionine + Cysteine 0.79  0.85  0.91  0.97  1.03  1.09  
Threonine 0.85  0.92  0.98  1.05  1.11  1.18  
Tryptophan 0.25  0.26  0.28  0.30  0.32  0.34  
aSID = Standardized Ileal Digestible 
bAPC920, APC, Ames, IA 
cProvided the following quantities per kg of complete diet: Vitamin A, 25,000 IU; vitamin E, 40 IU; niacin, 40 mg/kg; ascorbic acid, 
85 mg/kg 
dProvided as milligrams per kg of complete diet: cobalt, 0.41 mg as cobalt sulfate; copper, 63.1 as copper sulfate; iodine, 0.82 as0 
calcium iodide; iron, 110 as iron sulfate; manganese, 62.9 as manganese sulfate; selenium, 0.21 as sodium selenite; zinc, 41.6 as zinc 
sulfate 
eThe concentrations of nutrients were derived from values suggested in NRC (2012) 
fSTTD = Standardized Total Tract Digestible 
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Crystalline DL-methionine, L-threonine and L-tryptophan 

were gradually added in each experimental diet in order to 

sufficiently meet the dietary SID AA to lysine ratios 

(0.671 for methionine + cysteine, 0.727 for threonine and 

0.210 for tryptophan relative to lysine). Diets were 

formulated to meet or exceed the requirement estimates 

for other SID AA, minerals and vitamins recommended in 

NRC (2012). Calculated Metabolizable Energy (ME) 

concentrations in diets ranged from 3,509 to 3,524 

kcal/kg. Two experimental diets, containing 1.17% SID 

lysine and 1.62% SID lysine, were prepared and these two 

diets were blended to achieve the intermediate four diets. 

Measurements and Chemical Analysis 

On d 7 and 14, individual BW of pig and consumed 

diet in each pen were recorded. The Average Daily Gain 

(ADG), Average Daily Feed Intake (ADFI) and 

Gain:Feed (G:F) were calculated by mean BW of pigs 

and consumed diet in each pen during the 14 d of trial. 

Experimental diets were analyzed for Crude Protein 

(CP; AOAC, 2005; method 990.03), calcium (AOAC, 

2005; method 978.02) and phosphorus (AOAC, 2005; 

method 946.06). The concentrations of AA in experimental 

diets were analyzed by HPLC after post-column 

derivatization (AOAC, 2005; method 982.30 E [a, b, c]). 

Diet samples were prepared by a 24-h hydrolysis in 6 N 

HCl at 110°C under an atmosphere of N. For methionine 

and cysteine, samples were analyzed as methionine sulfone 

and cysteic acid after cold performic acid oxidation before 

hydrolysis. For analysis of tryptophan, samples were 

hydrolyzed by barium hydroxide.  

Statistical Analysis 

Data were analyzed by ANOVA using GLM 

procedure of SAS (SAS Inst. Inc., Cary, NC). Model 

included dietary SID lysine concentration and block as 

independent variables. Orthogonal polynomial contrast 

was used to analyze linear and quadratic effects of 

dietary SID lysine concentration. Least squares means 

for each response variable were calculated and the 

experimental unit was the pen. 

The optimal SID lysine requirements were estimated 

by four different regression analyses between the G:F of 

pigs during the overall period and dietary SID lysine 

concentration, all of which were analyzed by NLIN 

procedure of SAS. The optimal SID lysine requirement 

was determined by linear and quadratic broken-line 

analyses (Robbins et al., 2006). Quadratic model was also 

used to estimate the requirement; in this approach, 95% of 

the upper asymptotic value was applied (Baker, 1986). 

Based on the assumption suggested by Parr et al. (2003), 

the SID lysine requirement was also obtained by the 

former intercept between plateau of the linear broken-line 

model and quadratic model. In all statistical analyses, 

significance of the model was declared at p<0.05. 

Results 

The concentrations of CP and total lysine were in 

agreement with the calculated concentrations in 

experimental diets (Table 2). Therefore, calculated values 

were used to analyze the growth performance data and to 

determine the SID lysine requirement of weanling pigs. 

During the overall experimental period, all pigs were in 

good health and condition except one fed the diet 

containing 1.62% SID lysine, which was removed on d 10 

and the data were adjusted when calculating ADG, ADFI 

and G:F using the individual feed intake estimation 

procedure (Lindemann and Kim, 2007). 
Mean BW of pigs on d 0 and 14 was 6.2 and 10.3 kg, 

respectively (Table 3). Significant differences among 
treatments were not observed in ADG, ADFI and G:F for 
the first 7 d of trial. From d 7 to 14, however, there was a 
linear decrease (p=0.002) in ADFI of pigs as dietary SID 
lysine concentration increased. During the overall 
experimental period, the addition of dietary SID lysine 
linearly decreased (p=0.007) ADFI whereas linearly 
increased (p=0.011) G:F. 

Using the mean values for the G:F of pigs during the 

overall period, the SID lysine requirements were 

estimated by four different approaches. Linear broken-

line analysis indicated that the optimal SID lysine 

requirement (i.e., break point value) was 1.39% (Fig. 1a). 

 
Table 2. Analyzed nutrient and total amino acid concentrations in experimental diets (as-fed basis) 

 SIDa lysine (%) 
 ------------------------------------------------------------------------------------------------------------------------- 
Item 1.17  1.26  1.35  1.44  1.53  1.62  

Analyzed nutrient (%) 
Crude protein 22.7  21.9  22.2  22.0  23.0  22.6  
Calcium 0.82  0.89  0.83  0.85  0.86  0.87  
Phosphorus 0.59  0.60  0.58  0.58  0.58  0.60  
Total amino acid (%) 
Lysine 1.45 1.47 1.56 1.60 1.91 1.72 
Methionine 0.48 0.59 0.53 0.62 0.63 0.69 
Methionine + Cysteine 1.00 1.11 1.05 1.13 1.15 1.23 
Threonine 1.06 1.12 1.18 1.16 1.27 1.35 
Tryptophan 0.20 0.11 0.19 0.16 0.07 0.10 
aSID = Standardized Ileal Digestible 
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Table 3. Effects of Standardized Ileal Digestible (SID) lysine on growth performance of weanling pigsa 

 SIDb lysine (%)     p-value 

 ----------------------------------------------------------------------------------- ----------------------------------------------- 

Itemc 1.17 1.26 1.35 1.44 1.53 1.62 SEMd Linear Quadratic 

Body weight (kg) 
day 0 6.170 6.180 6.160 6.170 6.160 6.150 0.010 0.250 0.345 

day 7 7.990 8.080 7.910 7.910 8.120 7.960 0.110 0.975 0.756 

day 14 10.400 10.400 10.400 10.200 10.300 10.200 0.200 0.390 0.973 

day 0 to 7 
ADG, g/d 261.000 271.000 249.000 248.000 280.000 259.000 16.000 0.918 0.678 

ADFI, g/d 319.000 317.000 298.000 307.000 316.000 306.000 10.000 0.495 0.433 

G:F, g/g 0.822 0.855 0.841 0.799 0.881 0.847 0.027 0.484 0.849 

day 7 to 14 
ADG, g/d 338.000 333.000 354.000 322.000 311.000 324.000 17.000 0.243 0.810 

ADFI, g/d 516.000 512.000 479.000 421.000 434.000 451.000 20.000 0.002 0.134 

G:F, g/g 0.652 0.651 0.735 0.796 0.719 0.726 0.038 0.057 0.093 

day 0 to 14 
ADG, g/d 300.000 302.000 302.000 285.000 295.000 291.000 12.000 0.442 0.916 

ADFI, g/d 417.000 415.000 389.000 364.000 375.000 379.000 13.000 0.007 0.154 

G:F, g/g 0.717 0.729 0.777 0.794 0.787 0.773 0.020 0.011 0.069 
aEach least squares mean represents five observations. Experimental unit was the pen with six or nine pigs per pen 
bSID = Standardized Ileal Digestible (SID) 
cADG = Average Daily Gain; ADFI = Average Daily Feed Intake; G:F = Gain: Feed 
dSEM = Standard Error of the Mean 

 

   
 (a) (b) 

 
Fig. 1. Data points represent least squares means of six dietary treatments from five pens containing six or nine pigs per pen. Each 

regression model shows the Gain:Feed (G:F) of 6- to 10-kg weanling pigs relative to dietary Standardized Ileal Digestible 

(SID) lysine concentration. (a) Linear broken-line model indicated that the SID lysine requirement was 1.39% (standard error 

= 0.048) based on the following equation: Y = 0.78-0.33 × (1.39-X) where X is less than 1.39, with r2 = 0.913 and p=0.025. 

Quadratic model indicated that the SID lysine requirement was 1.42% (standard error = 0.038), which value was obtained 

from 95% of the upper asymptotic value of the model: Y = 0.79-0.78 × (1.49-X)2, with r2 = 0.909 and p=0.027. The intercept 

between the two models indicated that the SID lysine requirement was 1.42% (standard error = 0.006). (b) Quadratic broken-

line model indicated that the SID lysine requirement was 1.49% (standard error = 0.126) based on the following equation: Y = 

0.78-0.72 × (1.49-X)2 where X is less than 1.49, with r2 = 0.874 and p=0.044 

 

The maximal G:F above the break point (i.e., plateau 

line) was  0.785 g/g. In the quadratic model, the upper 

asymptotic value for maximal G:F of pigs (0.789 g/g) 

was 1.49%. Therefore, the SID lysine requirement was 

1.42%, which was determined by 95% of the upper 

asymptotic value. The SID lysine requirement derived 

from the former intercept value between the plateau line 

of linear broken-line model and quadratic model was 

1.42%. Based on the quadratic broken-line analysis for 

the SID lysine requirement, the optimal SID lysine 

requirement was 1.49% for the maximal G:F (0.785 g/g) 

of pigs (Fig. 1b). Based on a mean ME concentration in 

diets, the SID lysine requirements were converted to 

3.95, 4.04, 4.04 and 4.24 g/Mcal ME, respectively. 

Discussion 

Experimental diets were prepared to contain 

common feed ingredients for weanling pigs. We did 

not include antibiotics in order to prevent the 
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overestimates in growth performance of pigs fed the 

diets containing the SID lysine below the requirement. 

However, growth performance obtained from the 

present experiment concurs with the previous research 

that included antibiotics (Schneider et al., 2010; 

Nemechek et al., 2012). 

Dietary SID lysine concentrations were decided based on 

the values from the previous studies (Yi et al., 2006; 

Oresanya et al., 2007; Kendall et al., 2008; Schneider et al., 

2010; Nemechek et al., 2012). The expected initial mean 

BW of pigs was approximately 7 kg but the mean BW at 

the beginning of the trial was 6.2 kg. 

During the first 7 d of trial, the ADG, ADFI and 

G:F were not affected by the dietary SID lysine 

concentration. The reason for this observation remains 

unclear; however, although NRC (2012) suggested 

that the estimated SID lysine requirement of 5 to 10 

kg weanling pig was 1.50%, it is possible that the 

suggested requirement may be underestimated for 

maximal growth of weanling pigs because of the lack 

of information. Therefore, dietary SID lysine 

concentration in diets might be insufficient to increase 

the growth performance of pigs. 

From d 7 to 14, while the ADG and G:F of pigs 

were not affected by dietary SID concentrations, the ADFI 

of pigs decreased as dietary SID concentration increased. 

During the overall period, the ADFI decreased and the 

G:F increased with increasing dietary SID lysine 

concentrations. In contrast to the present experiment, 

Kendall et al. (2008) reported that the ADFI of pigs was 

not affected by dietary lysine concentration if lysine was 

supplied by crystalline form. However, Nemechek et al. 

(2012) reported that graded concentration of SID lysine in 

diets by adding crystalline L-lysine·HCl decreased the 

ADFI of pigs and subsequently increased G:F, which 

agrees with the present data. 
One of the factors affecting the requirements is 

statistical methodology to estimate the optimal dietary 

concentration of nutrient of interest (Baker, 1986). 

Differences in statistical models can contribute to the 

variation in estimating the requirements. Therefore, 

the SID lysine requirements determined in the present 

experiment were obtained by four different 

approaches in order to avoid the bias caused by the 

statistical analysis. Mean value for the SID lysine 

requirement was 1.43% (4.07 g/Mcal ME), which was 

less than the estimated SID lysine requirement 

(1.46%; 4.15 g/Mcal ME) calculated by the model 

suggested in NRC (2012), although it was within the 

range of values determined in the present experiment. 

The SID lysine requirements of the present 

experiment was also less than the values observed in 

other experiment reported by Nemechek et al. (2012) 

who suggested that the SID lysine requirement of 7- 

to 14-kg weanling pigs was 1.46% (4.55 g/Mcal ME) 

for maximal G:F of pigs. This difference may be 

attributed to several factors such as differences in 

genetic potential of pigs (Schneider et al., 2010) or 

immune stress caused by uncontrolled sanitary 

condition of experimental facility (Williams et al., 

1997). Jones et al. (2014) reported that the SID lysine 

requirements of 6.6- to 12.4-kg pigs, ranging from 1.36 

to 1.47% (from 3.84 to 4.19 g/Mcal ME), were greater 

than estimated requirement suggested in NRC (2012). 

Systematic growth model should be established for 

accurate estimates of the SID lysine requirement for 

weanling pigs. Further research is needed to evaluate 

the effects of possible factors affecting the 

requirements of weanling pigs. 

Conclusion 

In conclusion, the SID lysine requirements for maximal 

G:F of 6- to 10-kg weanling pigs ranged from 1.39 to 

1.49% (from 3.95 to 4.24 g/Mcal ME). Mean value for the 

SID lysine requirement was 1.43% (4.07 g/Mcal ME), 

which was less than the estimated value of NRC (2012). 
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