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Summary

In livestock industry, providing adequate nutrients has been noted as the 

most important factor to efficient and profitable animal production. Inadequate 

nutrient utilization reduces efficiency of animal production and causes 

detrimental effects on environment. Supplementation of excess nutrients is not 

efficient way for animal growth and it leads to economical loss by increasing 

fecal and urinary excretion of nutrients, while deficiency of nutrients limits 

the growth and production. Growing-finishing period in swine is very 

important that growth rate and pork quality are dependent on this period. 

However, some feeding standard overlooked the importance of 

growing-finishing period compared to that of young pig. In order to 

maximize the growth of pig, it is needed to divide the growing-finishing 

period into more phases for providing adequate nutrient. The present study 

was performed to evaluate the subdivision of growing-finishing phase divided 

by different dietary protein and energy levels on growth performance and 

carcass characteristics. A total of 128 growing pigs ([Yorkshire × Landrace] 

× Duroc) averaging 26.62 ± 3.07 kg body weight were assigned in a 2 × 4 

factorial arrangement with 4 pigs per pen. The first factor was two dietary 

energy level (3,265 or 3,365 kcal of ME/kg), and the second factor was four 

different levels of dietary protein by phase feeding (1growing(G)-2finishing(F) 

phases, 2G-2F phases, 2G-3F phases and 2G-3F phases with low dietary CP 

treatment). In feeding trial, there was no significant difference in growth 

performance among treatments. The BUN concentration was decreased as 

dietary protein level decreased in 6 week and blood creatinine showed a 

significant difference in 13 week when pigs were fed diets with different 

dietary energy level. The digestibility of crude fat was improved as dietary 

energy levels increased and excretion of urinary nitrogen was reduced when 

pigs were fed low protein diets. Meat color, pork pH and proximate analysis 
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of longissimus muscle were not affected by dietary treatments. In backfat 

thickness at P2 tended to increase when pigs were fed high energy diet or 

low subdivision of phase feeding was applied. When pigs fed the low energy 

diet (3,265 kcal of ME/kg),  contents of proline, methionine and cysteine 

were increased in pork. In addition, cooking loss and water holding capacity 

were decreased as dietary protein level decreased. Low energy diet (3,265 

kcal of ME/kg) had positive effect on reducing feed cost. When pigs were 

fed high energy diet with low subdivision of phase feeding, days to 120kg 

market weight was reached earlier compared to other treatments. 

Consequently, subdivision of phase had no significant effect on growth 

performance and carcass characteristics. However, feeding the diet low energy 

level (3,265 kcal of ME/kg) and low protein level had no negative effects in 

growth performance and carcass characteristics but economical profit was 

improved because of high carcass price as well as low feed cost.  

Key words : Energy, Protein, Growing-finishing pig, Growth performance,

            Blood profiles, Carcass characteristics
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I. Introduction

The world grain price has been increased remarkably by competition of 

producing animal feed and bio-fuel as ethanol. In addition, extreme climate 

changes, such as severe drought, are extensively affecting world grain market. 

For these reasons, the price of feed ingredient will be increased gradually. In 

Korea, it is well known that feed cost counts approximately 50~60 % to total 

cost of pig production. Owing to feed industry depends on imports for the 

most of feed ingredients, feed cost and pig production cost are higher than 

those of other countries. Also, shipping charge, storage cost and tax influence 

negatively on pig production cost. Moreover, swine industry in Korea have 

challenged the problems such as FTA with USA and EU, ban of ocean 

disposal animal’s manure and transmittable diseases like FMD. These 

situations make the domestic market daunted and imported products with low 

tax intimidate the domestic market share. During the last 10 years, swine 

industry has been boomed and high price of pork have been maintained for a 

long time. At that time, increasing price of pork leads many pig producers to 

supply over-nutrient diets to pigs by feeding single or two diets throughout 

the growing-finishing period. After the golden age, many feed industries sell 

the high nutrient feed with high price and producers did not recognize the 

severe situation and fed the high nutrient diet to pigs. Growing-finishing 

period is very important to maximize the growth of pigs and it can be 

critical period to economical efficiency of swine farm. Since growth rate of 

pigs improved, days to market weight reduced and productivity and 

profitability of farm increased. Also, growing·finishing pigs intake the feed 

largely during their life time. So, feed consumption extensively increased 

during growing-finishing period and total feed cost also increased rapidly.  
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Supplementation of adequate nutrient diet to growing·finishing pig is very 

important for improving the productivity and the competitiveness of farm. 

Consequently, this study was conducted to evaluate the effects of dietary 

energy levels and phase feeding by dietary protein levels on performance of 

growing·finishing pigs and investigate the effect of low nutrient diet and 

subdivision of growing-finishing period on pig productivity of swine farm.
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II. Literature Review

1. Nutrient requirement for growing-finishing pig

1.1 Nutrient requirement

Livestock animals need nutrients intake continuously for growth, 

breeding and production. For these reasons, many researchers have studied 

the animal nutrition to supply the sufficient nutrients without deficiency or 

excess for animals. Nutrient requirement of pig has been established by 

many empirical studies about estimation of pig’s weight gain, feed 

efficiency, protein accretion rate, and so on. Although they have estimated 

the nutrient requirements easily by repeated experiments, they had some 

variances as body weight and circumstances of animals being changed. With 

all these things considered, several institutions have published the standard of 

nutrient requirement of swine such as NRC (USA, 1998), ARC (UK, 1981), 

SCA (Australia, 1987) and JRC (Japan, 1993). In Korea, Rural Development 

Administration published the Korean feeding standard for swine (2007) 

which was applicable to domestic situation.  

Voluntary feed intake of growing·finishing pig is determined by energy 

content in feed. Feeding the diet with high energy content causes to feed 

intake decreased, weight gain increased and lean percentage decreased by 

lipid accumulation increased. The daily energy requirement is the sum of the 

requirements for maintenance, for protein and fat deposition and for 

thermo-regulation. During growing·finishing period, pig need energy for 

growth and maintenance. Maintenance energy is basal requirement for 

maintaining life and body temperature. So, it is estimated from measurements 

of heat production during fasting period. The recommendations of the NRC 

(1998) used a value of 110W0.75 kcal/ of DE daily or 106W0.75 kcal of ME 



4

daily as the maintenance requirement for all weights of pigs.

Energy requirements for growth are various because deposition of 

protein and fat depends on the stage of growth, dietary energy and other 

nutrients. Energy requirement for growth is used to synthesis of bone, tissue, 

organ, muscle and fat by protein and lipid deposition. The 10.6 Mcal (ME) 

is needed for synthesis of 1 g protein and 12.5 Mcal (ME) is needed for 

synthesis of 1 g fat (Verstegen et al., 1987). 1 kg muscle tissue contained 23 

% protein and 1 kg fat tissue contained 80~95 % fat. According to this, 

energy requirement for muscle synthesis is lower than that of fat deposition 

(Wenk et al., 1980). 

NRC and other feeding standards have been establishing the energy 

requirement to growing·finishing pigs and they are presented in Table 1. 

NRC suggested that 3,265 ME kcal/kg (NRC, 1998) and 3,300 ME kcal/kg 

(NRC, 2012) for energy requirement during growing-finishing period, 

respectively. Similarly, 3,265 ME kcal/kg is suggested for energy 

requirement by KAFF (2007), but 3,350 kcal, 3,300 kcal, 3,300 kcal and 

3,300 kcal is suggested on 25-45 kg, 45-65 kg, 65-85 kg and 85-120 kg, 

respectively in KAFF (2012). Although NRC (1998, 2012), SCA (1987), 

JRC (1993) and KAFF (2007, 2012) had similar energy requirement in 

growing·finishing pigs, ARC (1981) had lower energy requirement 

considering genotype, growth rate, lipid deposition and environmental factors 

from their own data.

Most pigs have 15~18 % protein content in their body and 45~60 % of 

that body protein mass is distributed to dissectible muscle or lean meat. The 

other body protein mass existed in visceral organs, hair, bone, skin, blood 

and other tissues. In addition, dietary protein is used for replacing proteins 

lost in the course of protein tissue turnover for maintenance and voided in
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Table 1. Energy requirements for growing·finishing pigs. 

Item Body weight (kg)

NRC, 1998 20 – 50 50 – 80 80 – 120

ME, kcal/kg 3,265 3,265 3,265

NRC, 2012 25 – 50 50 – 75 75 – 100 100 – 135

ME, kcal/kg 3,300 3,300 3,300 3,300

KFSS, 2007 25 – 50 50 – 80 80 – 120

DE, kcal/kg 3,400 3,400 3,400

Estimated ME1), kcal/kg 3,265 3,265 3,265

KFSS, 2012 25 – 45 45 – 65 65 – 85 85 – 120

ME, kcal/kg 3,350 3,300 3,300 3,300

ARC, 1981 15 – 50 50 – 90

DE, kcal/kg 3,107 3,107

Estimated ME1), kcal/kg 2983 2983

SCA, 1987 20 – 50 50 – 90

DE, kcal/kg 3,346 3,346

Estimated ME1), kcal/kg 3,212 3,212

JRC, 1993 30 – 70 70 – 110

DE, kcal/kg 3,300 3,300

Estimated ME1), kcal/kg 3,168 3,168

1) The value of ME is approximately 94~97 % of DE in swine feed and average 96% (ARC, 1981).

the form of cells, amino acids, other nitrogenous compounds and unabsorbed 

enzyme secretions from the intestine (termed metabolic faecal losses or 

endogenous faecal losses) and also in the form or urea from the kidney 

(termed urinary losses). Furthermore, some amino acids contained in protein 

are required for the synthesis of non-protein compounds (hormones, 

neurotransmitters, immunoglobulins and other bioactive peptides). The protein 

requirement for growing·finishing pigs is presented in Table 2. and protein 
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requirements are decreased gradually as they grow. In fact, many researchers 

suggested that providing the adequate amino acids balance is more efficient 

and productive than protein contents in pig’s growth.

Table 2. Protein requirements for growing·finishing pigs. 

Item Body weight (kg)

NRC, 1998 20 – 50 50 – 80 80 – 120

Protein, % 18.0 15.5 13.2

NRC, 2012 25 – 50 50 – 75 75 – 100 100 – 135

Protein1), % 15.8 13.8 12.2 10.5

KFSS, 2007 25 – 50 50 – 80 80 – 120

Protein, % 18 16 13

KFSS, 2012 25 – 45 45 – 65 65 – 85 85 – 120

Protein, % - - - -

ARC, 1981 15 – 50 50 – 90

Protein, % 15.6 11.2

SCA, 1987 20 – 50 50 – 90

Protein, % 15.6 11.5

JRC, 1993 30 – 70 70 – 110

Protein, % 15.0 13.0

1)Calculated from total nitrogen × 6.25.

Feedstuff mainly used in swine die, such as corn, barley and wheat 

usually provides 30 to 60 percent of the total amino acid requirements. Also, 

soybean meal as protein source provides the sufficient protein and amino 

acid for pig’s requirements. In amino acids in feedstuffs, nine amino acids 

(lysine, methionine, threonine, tryptophan, histidine, isoleucine, leucine, 

phenylalanine and valine) can be considered essential amino acid because 

pigs cannot synthesize these amino acids sufficiently for their requirements. 

Cysteine and tyrosine can be regarded semi-essential amino acids as they can 
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be synthesized only from essential amino acids; cysteine from methionine 

and tyrosine from phenylalanine. In cereal grain-based pig diets, lysine is 

considered the first limiting amino acid generally. In addition, dietary amino 

acids requirement of pigs directly related to protein accretion, energy intake 

and dietary energy density in growing·finishing pigs (NRC, 1998). NRC 

(1998) established lysine requirement modeling on maintenance and protein 

accretion. Although the whole body protein accretion rate varies in genetic 

strain, gender, health and stocking density, as well as interactions among 

these and other factors, the amount of lysine required by growing-finishing 

pigs is decreased with linear line (Figure 1).

Figure 1. Lysine requirement (%, true ileal digestible basis) of pigs with a 

mean lean growth rate (NRC, 1998).

Many institute suggested the diverse lysine requirement for 

growing·finishing pigs (Table 3). Although the trend of lysine requirement 

was linearly decreased as pigs growed, each feeding standards presented 

different lysine requirement considering genetic strain, gender, health, growth 

rate, and so on. 



8

Table 3. Lysine requirements for growing·finishing pigs.

Item Body weight (kg)

NRC, 1998 20 – 50 50 – 80 80 – 120

Lysine1), % 0.95 0.75 0.60

NRC, 2012 25 – 50 50 – 75 75 – 100 100 – 135

Lysine1), % 1.12 0.97 0.84 0.71

KFSS, 2007 25 – 50 50 – 80 80 – 120

Lysine1), % 0.98 0.82 0.64

KFSS, 2012 25 – 45 45 – 65 65 – 85 85 – 120

Lysine1), % 1.22 1.01 0.91 0.76

ARC, 1981 15 – 50 50 – 90

Lysine1), % 1.10 0.78

SCA, 1987 20 – 50 50 – 90

Lysine1), % 0.83 0.60

JRC, 1993 30 – 70 70 – 110

Lysine1), % 0.75 0.56

1) Lysine requirement for total basis (%).

1.2 Nutrient utilization

Dietary energy is utilized for maintenance, accretion of protein and 

lipid and heat loss of production (van Milgen and Noblet, 2003). As part of 

this, daily energy intake continues to increase from birth to market weight so 

that a constant amount of energy is required for protein deposition and the 

additional available energy is deposited as fat. Before using the energy on 

protein and lipid accretion, pigs use the energy for maintenance firstly 

(Lizardo et al., 2002), which accounts for approximately one third of total 

energy intake (Black and de Lange, 1995; NRC, 1998). Remainder of dietary 
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energy after meeting the requirement for maintenance is stored as protein 

and lipids (Lizardo et al., 2002) and it accounts for approximately two third 

of total energy intake (NRC, 1998).

The assignment of dietary energy above maintenance to protein and 

lipid accretion in pigs was largely determined by the interaction between 

energy intake and protein deposition. Bikker et al. (1995) suggested that the 

effect of a dietary energy intake on body composition is influenced by the 

genotype and energy intake. Davies (1983) indicated that pigs at a high 

feeding level deposited proportionately more fat and less muscle relative to 

pigs at a low feeding level. Also, Kanis (1988) and Bikker et al. (1995) 

reported that the efficiency of lean tissue gain decreased with increasing 

energy intake and older pigs retained more lipid than protein per unit of 

extra energy (Bikker et al., 1996). Rao and McCracken (1991) determined a 

linear increase in protein deposition to 230 g/d, determined by nitrogen 

balance, at approximately 38 MJ of DE/d. Ellis et al. (1983) and Jorgensen 

et al. (1985) reported that reduction of energy intake increase in lean portion 

and decrease in fat portion in body composition, too. The increase of lipid 

deposition : protein deposition (LD:PD) with increasing energy intake has 

been reported for pigs (Campbell et al., 1983; De Greef et al., 1994; Bikker 

et al., 1995). These effects of energy intake on body composition were 

agreed with Campbell and Taverner (1988). Bikker et al. (1995) asserted that 

increasing energy intake induced to protein deposition of lean tissue 

decreased in growing female pigs. In addition to this opinion, De greef et al. 

(1994), who demonstrated the increase in LD:PD with body weight 

increased, asserted that the ratio of lipid and protein deposition (LD:PD)  

increased in male pigs at a low and a high feeding level from 25 to 105 kg.
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Figure 2. Utilization of dietary energy in pig.

1.3 Protein deposition

To maximize the rate and efficiency of body weight gain (especially 

lean tissue growth), pig’s genotype and its PD max were considered 

preferentially. After using of energy intake for maintenance, the remaining 

energy was used relatively in protein accretion. Protein accretion is followed 

by PDmax curve, which established from many researches (Carr et al., 1977; 

Moughan and Verstegen, 1988; Thompson et al., 1996; de Greef et al., 1994; 

van Lunen and Cole, 1998; Weatherup et al., 1998).

The correlation between energy intake and body protein deposition is 

presented in Figure 3. After the certain body weight range, protein deposition 

increases gradually as energy intake increases until PDmax point with 

assuming that no other factors limit the protein deposition (Campbell and 

Taverner, 1988; Bikker et al., 1995, 1996; Quiniou et al., 1995, 1996). When 

energy intake increases more, the rate of lipid deposition will be increased 
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only. This phenomenon induced to fatter carcass and poorer feed efficiency. 

The energy intake level at PDmax suggested the point that efficiency of pork 

production is maximized.

Figure 3. Relationship between energy intake and body protein deposition 

(PD) in growing pigs  (Swine nutrition, 2nd edition).

In growing-finishing pigs, PDmax varies between 90 and 160 g/day 

(Carr et al., 1977; Moughan and Verstegen, 1988; Thompson et al., 1996). 

However, in entire males of some modern pig genotypes, PDmax may 

exceed 200 g/day (de Greef et al., 1994; van Lunen and Cole, 1998; 

Weatherup et al., 1998). This variation means that huge improvement can be 

made in PDmax and associated with lean growth potentials via genetic 

selection. Depending on the pig’s genotype, PDmax curve can be sustained 

or rise gradually as energy intake between approximately 40 and 90 kg body 

weight (Campell and Taverner, 1988; de Greef et al., 1994; Quiniou et al., 

1995; and Bikker et al., 1996). 
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PDmax is highest in males, intermediate in gilts, and lowest in 

castrates. During the growing-finishing phase, the difference in PDmax 

between gilts and castrates is approximately 5% (Moughan and Verstegen, 

1988; Stranks et al., 1988; Thompson et al., 1996) and between males and 

castrates is approximately 20 to 30% (Moughan and Verstegen, 1988; van 

Lunen and Cole, 1998).

 

1.4 Lipid deposition

Lipid deposition occurred at the same time with protein deposition but 

the excessive dietary energy is used in lipid deposition followed after protein 

deposition. Before discussing the deposition order of protein and fat, basal 

lipid deposition should be considered. 

According to Whittemore (1993), target fat is defined as the minimum 

level of fatness at which the animal feels sufficiently physiologically 

comfortable to partition available nutrients and to maximize metabolic effort 

toward the primary aim of reaching the potential for lean tissue growth rate. 

At remaining energy level for lipid deposition below the certain target fat 

level, the achievement of target fat levels will shift from the achievement of 

potential rates of protein deposition, as the physiological priority would be to 

restore fat levels until the level of target fat is reached. Whittemore et al. 

(1988) referred to the target level of fatness as a means of explaining the 

minimum quantity of lipid relative to protein that a growing pig can deposit 

because protein gains will be restrained until target levels of fat are 

achieved. At all times prior to lean-tissue growth rate reaching its maximum 

potential, the ratio of fat to lean will reflect directly the proportion of fat in 
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the gain which is the target level (Figure 4, Whittemore, 1993).

Figure 4. The ratio of lean to fat in gain will tend to be constant until 

maximum potential lean growth rate is achieved (Whittemore, 1993).

Kyriazakis and Emmans (1992) demonstrated that the rate of lipid 

deposition is dependent on the rate at which an animal attempts to return to 

its normal protein deposition level in a non-limiting environment. If the 

animal has deficient protein and lipid level together, then the adjustment of 

one assists the other. Usually, increasing feed intake for meeting the protein 

level on the state of protein deficit results in improvement in lipid retention 

rates due to the over supplementation of dietary energy (Kyriazakis and 

Emmans, 1992; Ferguson and Gous, 1997; Ferguson et al., 2000).

According to Whittemore (1998), when animals become excessively fat 

and are given the similar situation (e.g. high quality diet), they will utilize 

the excessive body fat to sustain normal protein growth at the expense of 

dietary sources of energy and/or they will deposit less lipid to restore by the 
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lipid : protein ratio. Ferguson and Treeruth (2002) reported that the response 

from the lipid : protein ratio of the empty body was significantly higher in 

pigs fed low protein diet than high protein diet. Similar results were also 

observed by Kyriazakis and Emmans (1991) and Ferguson and Gous (1997). 

In one experiment shown that pigs fed protein-limiting feed who gain lipid 

much faster than pigs fed a protein-adequate feed attempted to achieve its 

potential protein growth rate (Kyriazakis et al., 1991; Ferguson and Gous, 

1997).

2. Dietary energy in growing-finishing pig

Energy is essential factor to growing·finishing pigs. This is because 

dietary energy is used for maintain the body maintenance, homeostasis of 

body components and synthesis of the body components from micro cells to 

organs. Considering the previous reviews, dietary energy is utilized into 

protein-lipid deposition and influences to growth rate, feed efficiency and 

pork quality. Since dietary energy level is key factor to pig’s growth and 

body fatness related to carcass characteristics, it is necessary to evaluate the 

effect of energy levels in diet for growing·finishing pigs. 

2.1 Dietary energy level and fat deposition

Modern pigs are genetically leaner and have lower feed intake, which 

make more likely these pigs respond to increasing energy intake with 

increasing growth rate and less likely become fatter (Young et al., 2003). 

Also, the energy density of growing·finishing pig’s diet is set at the desired 
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level and diets are formulated by least cost formulation using the available 

energy sources to meet these energy levels in many countries. In several 

studies, increasing energy density by adding fat to diets for growing·finishing 

pigs typically improves ADG and feed efficiency and reduces ADFI. In 

growing period, there is an energy-dependent phase of growth up ti 59 kg 

(De la Llata et al., 2001). Bikker et al. (1996) observed that gilts from 45 

to 85 kg were in an energy-dependent phase because protein deposition 

increased with increasing energy intake. Increasing the energy density of the 

diet from 93 to 120 kg did not improve ADG because pigs during this phase 

were not in an energy-dependent phase. Similar results were observed by 

Smith et al. (1999), who observed no improvement in ADG from 73 to 104 

kg with added dietary fat. Therefore, dietary energy density is very important 

factor to deposition of protein or fat. When the dietary energy exceeds the 

requirement of growing period, pigs can use the remained energy for lipid 

deposition or other body function. However, if they fed low dietary energy 

for their needs, they use the energy not only protein deposition but also fat 

deposition at least. In finishing period, dietary energy level above the energy 

requirement for PDmax is usually used to lipid deposition after consuminthe 

energy to maintenance and protein deposition preferentially.

2.2 Effect of dietary energy level on growth performance

In general, high dietary energy diet for growing·finishing pigs increases 

ADG, gain:feed ratio, carcass fatness and decreases ADFI (Pettigrew and 

Moser, 1991). 

Young et al. (2003) showed that adding 2.5 % and 5 % fat to the diet 
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results in  2 % and 2.1 % improvement in ADG by quadratic effect of 

added fat, respectively. They also had similar feed efficiency among 2.5 % 

and 5 % added fat levels. In accordance with above results, feeding 5 or 

10% fat to growing·finishing pig’s diet has been shown to increase gain:feed 

ratio and decrease ADFI (Southern et al., 1989; Azain et al., 1991; Williams 

et al., 1994). Moreover, high energy level with added 5 % fat to 

growing·finishing pigs housed in hot temperature or summer improved ADG 

and G:F ratio with no difference in carcass leanness (Stahly and Cromwell, 

1979; Stahly et al., 1981). Adding fat 0-2-4-6 % with 3.31-3.61 Mcal in diet 

(De la Llata et al., 2001) or increasing energy density (Smith et al., 1999) 

influenced to improving ADG and G:F ratio and reducing ADFI.  In 

addition, the results of decrease in ADFI and improvement in G:F ratio 

observed in growing·finishing pigs fed increasing choice white greese 

(CWG) had been reported previously (Stahly and Cromwell, 1979; Stahly et 

al., 1981). Furthermore, Campbell and Taverner (1986) and Southern et al. 

(1989) also observed improvement of ADG when pigs were fed added fat. 

In some researches, they had no significant effect on growth rate but 

showed significant improvement in feed efficiency by adding energy (Baird 

et al., 1958; Clawson et al., 1962; Wagner et al., 1963). Smith et al. (1999) 

conducted the experiment with adding CWG 0, 1.5, 3.0, 4.5, 6.0 % in 

growing·finishing pig’s diet (energy density ranged from 3.31 to 3.56 Mcal 

ME/kg in growing diets and 3.32 to 3.56 Mcal ME/kg in finishing diets). 

During the whole experimental period (44.5 to 104.3 kg), ADG tended to 

decrease and feed efficiency increased and ADFI decreased as energy density 

increased, which was agreed with other results presented by some researchers 

(Tribble et al., 1979; Stahly et al., 1981; Southern et al., 1989). Another 

experiment, which  focused on energy density (3.30 Mcal/kg and 3.48 
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Mcal/kg) in finishing period, was conducted by Apple et al. (2004). Pig fed 

3.48 Mcal/kg tended to have higher ADG than pigs fed 3.30 Mcal/kg during 

the last week of finishing period but they had no significant difference 

during other periods. Increasing the energy density of late-finishing diets had 

no remarkable effect on ADG (Le Dividich et al., 1987; Matthews et al.,  

2003). Furthermore, neither Williams et al. (1994) nor Dunshea et al. (1998) 

found an interactive effect of energy density on growth rate of pigs. They 

concluded that increasing dietary energy improves feed efficiency clearly as 

other researches reported previously (Seerley et al., 1978; Campbell and 

Taberner, 1986; Southern et al., 1989). 

Unlike previous studies, some researchers suggested that dietary energy 

level did not affect the growth performance in growing·finishing pigs. 

Cromwell et al. (1978) reported that they had failed to find significant 

difference in growth performance, and Matthews et al. (2003) reported that it 

is hard to find significant differences in feed intake by increasing dietary 

energy level. Presenting in more details about the experiment (Matthews et 

al., 2003), high-ME diet (added 200 kcal by fat 4.5 % to control diet) 

increased ADFI and decreased G:F ratio numerically, but ADG was not 

affected during the early grower period. During other periods, such as 

late-grower, early-finisher, late-finisher and overall periods, the ME level in 

diet did not affect the growth performance significantly. Similar to this 

result, Haydon et al. (1989) reported that they did not observe improvements 

in growth performance when growing pigs were fed 5 % added fat.

2.3 Effect of dietary energy level on carcass characteristics
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Energy level in diets affects content of dietary energy and it has high 

correlation with carcass fat level in pigs given ad libitum access to feed. 

Stein and Easter (1996) conducted experiment to finishing pigs (55 to 

112 kg body weight) fed 2,700 ~ 3,500 ME kcal/kg diet. Feed intake 

decreased as dietary energy increased from 3,300 to 3,500 ME kcal/kg but 

no more change was noted at lower energy density in diet. In addition, 

carcass lean content was increased with dietary energy reduced with below 

3,300 ME kcal/kg. This result implies that low dietary energy density is a 

useful way to increase the carcass lean content. Like this, it is widely 

accepted that  Added fat (Pettigrew and Moser, 1991), dietary ME (Seerley 

et al., 1978; Coffey et al., 1982; Myer et al., 1992) or energy intake 

(Nossaman et al., 1991; Ellis et al., 1996; Wood et al., 1996) in 

growing·finishing pig’s diet generally increased carcass fatness. Although 

Cromwell et al. (1978) and Ellis et al. (1996) demonstrated that LM area 

was increased by increasing dietary energy intake, sometimes LM area has 

not been affected by energy density (Myer et al., 1992; Matthews et al.,  

2003). Some researchers have reported that marbling and intramuscular fat 

content increased with increasing dietary energy density (Cromwell et al., 

1978; Le Dividich et al., 1987) and energy intake (Ellis et al., 1996; Wood 

et al., 1996; Lebret et al., 2001). For instance, Drew et al. (1971) who 

conduct the experiment about effect of adding fat and found that 

intramsucular fat was greater in the longissimus (22.4 % vs 14.6 %) and the 

gluteus medius (14.7 % vs 11.1%) when they fed the diet with 10 % added 

fat. Wagner et al. (1963) demonstrated that feeding of high energy diet 

significantly increased intramuscular fat but resulted in any significant 

difference in the nitrogen content of the muscle as energy density. Also, it 
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resulted in thicker carcass backfat, lower lean cuts yield and higher dressing 

percent significantly. In part of this, increasing energy level increased the 

dressing percent in agreement with Bowland and Berg (1959) and lower 

energy levels resulted in increased percet yield of lean cuts in agreement 

with Mulholland et al. (1960). However, Sewell and Cartoon (1959) 

disagreed that total yield of lean cuts is detemined by high or low energy 

diets.

In contrast, Cromwell et al. (1978) demonstrated that carcass traits were 

not affected by dietary fat except for lean cut yield but pigs fed added fat 

had significantly lower yield of lean cuts. In the same context, Matthews et 

al. (2003) reported that carcass characteristics were not affected by 

metabolizable energy level in diet. In their result, carcass temperature 

(45min.) and CIE L value tended to be increased but shear force tended to 

be decreased in pigs fed high-ME diets. Also, Apple et al. (2004) suggested 

that energy density of finishing diets had no effect on hot carcass weights 

and dressing percents of pigs and dietary energy density (3.30 or 3.48 Mcal) 

had no effect on any quality trait measured, such as muscle pH, drip loss, 

meat color, marbling, firmness, moisture, protein, lipid, ash, cooking loss and 

shear force. In agreement with results from the previous study, several 

researchers have found that dietary energy level had no effect on ultimate 

LM pH, drip loss percent (Matthews et al., 2003), meat color or firmness 

(Coffey et al., 1982; Matthews et al., 2003), marbling scores or 

intramuscular lipid content (Seerley et al., 1978; Coffey et al., 1982; Myer et 

al., 1992) and cooking loss (Matthews et al., 2003; Lebret et al., 2001).

Backfat thickness has a high correlation with carcass fatness related to 

pork quality. So, it can be indirectly index for evaluate the pork quality by 

measuring backfat thickness. Cromwell et al. (1978) demonstrated that 
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carcass backfat was high in pigs fed the high energy diet compared with 

those fed the higher energy level. Moreover, high energy level increased 

carcass backfat in agreement with the work of Heitman (1956), Kennington 

et al. (1958) and Boenker et al. (1960). Smith et al. (1999) showed that 

energy density did not influence to 10th rib fat depth or loin muscle area as 

measured by real-time ultrasound prior to slaughter. However, when pigs 

were slaughtered, a variance in backfat thickness with increasing dietary 

energy density was observed. The differences between the realtime 

ultrasound and commercial plant fat depths may be due to the skinning 

procedure conducted during the slaughter process. Lastly, Apple et al. (2004) 

reported that ultrasound-measured fat thickness was greater on d14 and 28 in 

pigs fed the high-energy diets (3.48 Mcal/kg) compared with pigs consuming 

the low-energy diets (3.30 Mcal/kg); neither scanned LM area nor live 

weight was affected by dietary energy level.

3. Dietary protein in growing-finishing pigs

3.1. Dietary protein level and protein deposition

Dietary protein levels is important source to synthesis of body tissue, 

organ, and so on. However, the content of protein intake is not the main 

factor to growth of pig. The growth of pig is regulated by energy intake and 

utilization of that energy. When pigs intake the energy, the energy is utilized 

to maintenance, body protein deposition and body fat deposition. Most 

requirement of maintenance is constant and body fat deposition is determined 

by remainder after using energy for body protein deposition. Thus, body 
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protein deposition play a key role in energy utilization in pig. The protein 

deposition is controlled by PDmax that limits certain protein deposition level. 

PDmax is largely constant up to approximately 80 to 90 kg live body weight 

(Moughan and Verstegan, 1988; Moughan, 1995; Quiniou et al., 1995) and 

that mathematical equations such as the Gompertz function can be used to 

represent the decline in PDmax as pigs become mature. If pigs fed high 

protein diet, they can use the protein for just content of PDmax requirement 

and remainder is excreted or used to other body function or energy 

production. Consequently, protein intake above PDmax requirement is 

essential for maximum growth of pigs.

3.2. Effect of dietary protein level on growth performance

Feeding diets with adequate CP content throughout the growing period 

results in higher growth, feed efficiency and carcass leanness compared with 

feeding a diets with inadequate CP content (Gilster and Wahlstrom, 1973; 

Kornegay et al., 1973; Easter and Baker, 1980).

Cromwell et al. (1978) observed that dietary protein level from 12 to 

16 % influenced to increase weight gains and feed/gain but not in 20 % 

dietary protein level. These results of increase of ADG and G:F ratio in 

response to increasing CP content are in agreement with Cromwell et al. 

(1993) and Chen et al. (1995). Also, they concluded that dietary protein 

level affected growth performance and carcass traits with pigs fed 12 % 

protein diet. They gained slower and less efficiently and having more carcass 

fat than pigs fed 20 % protein diet.

Wagner et al. (1963) reported that decreasing the protein level from 25 
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% to 13 % resulted in a significant quadratic effect on daily gain not on 

feed efficiency. Pigs fed 25 % protein diet had higher feed efficiency 

compared to other treatments. This result of improved feed efficiency is in 

agreement with Hare et al. (1956).

Kerr et al. (1995) conducted the experiment for dietary protein levels 

on growing-finishing period. In experiment, pigs were fed a high-CP 

sequence of diet (19-16-14 %) and the other pigs fed a low-CP sequence of 

diet (15-12-11 %) with or without supplementation of lysine, tryptophan, 

threonine on starter-grower-finisher phases, respectively.

Pigs fed the low-CP diets without amino acids supplementation grew 

more slowly and they were less efficient in feed conversion and developed 

carcasses that contained a smaller longissimus muscle, greater average 

backfat depths, and a lower percentage of muscle compared with pigs fed 

the high-CP sequence of diets. Although pigs fed the low-CP diets 

supplemented with amino acids had reduced average and 10th rib backfat 

depths compared with pigs fed the low-CP diets with no amino acids. Also, 

low-CP diet had greater fat depth than those of pigs fed the high-CP diets. 

Therefore, a reduction of 2-3 % crude protein in diet with amino acids 

supplemented had no negative effects on ADG and feed efficiency 

(Cromwell, 1996; Tuitoek et al., 1997). Moreover, reductions of more than 3 

% crude protein in diet have observed no reductions in ADG and feed 

efficiency (Hahn et al., 1995; Kerr et al., 1995). However, this results were 

not always been observed (Hansen and Lewis, 1993; Gomez et al., 2002).

3.3. Effect of dietary protein level on carcass characteristics

Several researches suggested that dietary protein level that was matched 
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to requirement of pig improved carcass characteristics (Wagner et al., 1963; 

Cromwell et al., 1978, Kerr et al., 1995, Hansen and Lewis, 1993).

Cromwell et al. (1978) observed that longissimus area and lean cut 

yield were affected by protein level in quadratic response. Longissimus area 

and lean cut yield increased as protein level increased. Intramuscular fat 

content of the longissimus was highest in pigs fed the low protein diet and 

decreased as protein level was increased but backfat was not affected by 

protein level. Shear scores of the loin were slightly lower in pigs fed low 

protein but were not significantly different from those of pigs fed the high 

protein level. Tenderness and juiciness scores were higher for roasts from 

pigs fed the low protein, apparently a result of the higher intramuscular fat. 

Flavor and overall satisfaction scores tended to be higher for the low-protein 

treatment but differences were not significant. Moreover, research by 

Cromwell et al. (1978) indicates that the intramuscular fat content of the 

longissimus is markedly influenced by level of dietary protein in agreement 

with Wagner et al. (1963), Wyllie et al. (1969) and Drews et al. (1971).

Wagner et al. (1963) demonstrated that increasing protein level 

influenced to carcass backfat, dressing percent and intramuscular fat 

decreased linearly and the percent yield of lean cuts increased linearly but it 

had no significant effect on tissue nitrogen content. In other experiment of 

Figueroa et al. (2002), there was a tendency for backfat to increase as 

dietary protein was reduced from 16 to 12 %. Longissimus muscle area 

decreased as dietary protein reduced.

  Apple et al. (2004) suggested that increasing dietary CP results in LM 

marbling and intramuscular fat reduced (Cromwell et al., 1978; Goerl et al., 

1995; Kerr et al., 1995), and had no effect on the proportion of ash in the 

longissimus muscle (Goodband et al., 1990; Goerl et al., 1995). LM area and 
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lean yield were increased in response to increased CP level. 

Kerr et al. (1995) indicated that firmness and marbling of the 

longissimus muscle were increased due to the reduction in dietary CP. Also, 

longissimus muscle area and percentage of muscle were decreased in pigs 

fed the low-CP diet. When pigs were fed the low CP diet with reduction of 

CP by 4 % compared to control, average backfat thickness, 10th rib fat 

thickness, leaf fat weight and total fat in the longissimus muscle were 

increased. Since the increase in carcass fat by reduction of dietary CP, 

longissimus muscle are were decreased simultaneously. In addition, pigs fed 

the low CP diet with amino acids supplemented had a trend for increasing 

fatness compared to that of pigs fed the high CP diet. This trend was in 

agreement with other studies (Stahly et al., 1981; Fuller et al., 1984, 1986; 

Noblet et al., 1987; Schoenherr, 1992; Tuitoek et al., 1993). One explanation 

for the increase in carcass fat is that carcass quality is sensitive to not amino 

acid from crude protein in diet but the nitrogen content of the diet. Another 

is that diets with low CP may have a higher NE value, allowing the extra 

NE associated with the low-CP, amino acids supplemented diets to be 

deposited as fat.

Hansen and Lewis (1993) investigated the effects of dietary protein 

concentration on carcass characteristics in growing-finishing pigs. They 

observed that the 10th backfat thickness was responded curvilinearly to 

dietary protein levels, which suggested that subcutaneous fat might actually 

increase at dietary protein levels over 23 %. Longissimus muscle area and 

carcass lean percentage were also responded in a curvilinearly pattern to 

increasing dietary protein concentration. For pigs fed diets containing from 

11 to approximately 19 % dietary protein, longissimus muscle area was 

increased nearly linearly, but it then decreased for pigs fed 23 % dietary 
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protein. Increasing dietary protein level resulted in diminishing improvements 

in carcass lean percentage as protein levels exceeded 19 %. Based on above 

results, Hensen and Lewis (1993) concluded that both inadequate and 

excessive dietary protein concentrations were detrimental to carcass quality of 

growing-finishing pigs.

3.4. Phase feeding by dietary protein levels

Phase feeding is an one of the methods to supply the adequate nutrients 

to meet animal’s needs. Generally, nutrient requirements have been decreased 

as pig grow. Kornegay and Harper (1997) indicated that when a single diet 

is used, pigs are either under- or over-supplied with nutrients for the whole 

period of growth. However, feeding by several phases decreases the amount 

of over feeding and under feeding to requirement of pig. The purpose of 

phase feeding is to supply a nutrient to meet the requirement changing 

rapidly for growing as close as possible. Thus, efficiency of nutrient 

utilization is maximized and wastage of nutrient is minimized. Moreover, 

phase feeding is important to decrease the costs associated with under- or 

over-supplying nutrients in the diet. In addition, phase feeding reduces 

excessive nitrogen which is not retained in body and excreted. 

Nam and Aherne (1995) reported that three phase feeding system could 

save 3.5 kg of dietary protein during growing-finishing period through the 

experiment in which one phase feeding system (16 % CP) were compared to 

three phase feeding system (18-16-14 % CP) in growing-finishing pigs.

Although decrease in fecal nitrogen excretion was shown in a few 

researches (Han et al., 1998; Lee et al., 2000), reduction in nitrogen 
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excretion may not be due to decrease in fecal nitrogen excretion (Han et al., 

1998; Lee et al., 2000, 2001; Kim et al., 2000) but decrease in urinary 

nitrogen excretion. 

Hahn et al.(1995) investigated the change in plasma urea nitrogen 

(PUN) concentration with increase in dietary digestible lysine level to 

determine lysine requirement of finishing pigs weighing 52.0 kg to 108.2 kg. 

They made a regression for dietary lysine level and PUN concentration and 

found that in early finishing pigs, the lowest PUN concentration was 

presented at 0.60 and 0.61 % dietary digestible lysine for barrow and gilts, 

respectively and in late finishing pigs, the lowest PUN concentration was 

presented at 0.46 and 0.54 % for barrow and gilts, respectively. Plasma urea 

nitrogen concentration was decreased with reduction of dietary lysine level 

because supplementation of excessive amino acid over their requirement 

increased the plasma urea nitrogen and urinary N excretion.

 Van der Peet-Schwering et al. (1996) reported that multi-phase 

feeding had a reduction in urinary nitrogen excretion of 14.7% and ammonia 

emission of 16.8 % compared to two phase feeding. Dourmad et al. (1992) 

conducted the experiment applied three phase feeding strategies to reduce N 

excretion for growing·finishing pigs. It was found that 20 % reduction in N 

output in the multi phase feeding strategy that decreased gradually dietary 

protein level from 17 to 13 % in 25-105 kg BW compared to single phase 

feeding strategy. Based on the results, they concluded that a precise 

adjustment of dietary protein and amino acid to the certain requirements of 

the pigs confirmed the possibilities to reduce N output. Koch (1990) reported 

that by matching the nutrient composition in diet to requirement of pigs at a 

given age and wight through phase feeding system, nitrogen excretion could 

be reduced by 14 % and nitrogen retention could be improved by 10 %. 
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Jeong et al. (2010) demonstrated that phase feeding methods had no 

influence to growth performance and pork quality. BUN concentration was 

significantly decreased by the number of phase increased. They concluded 

that 3 phase feeding might be more efficacious as feed cost savings is 

approximately 34 % without a delay to market weight compared to 

conventional feeding method in Korea. Kwon et al. (2000) indicated that 

phase feeding is a very beneficial strategy for growing·finishing pigs. This is 

because pigs fed the feed by phase feeding method were improved the 

growth performance in comparison with that of control group. Althoguh 

there was no significant difference in BUN, high nutrient treatment had 

higher BUN value than that of low nutrient treatment. Additionally, feed cost 

per kg weight gain was more expensive in fed high nutrient diet.

4. Dietary energy and protein intake

4.1 Dietary energy level and voluntary feed intake

Some theories were suggested for regulating factors to voluntary feed 

intake of pig. One of these theories is that dietary energy intake regulates 

feed intake of pig. This theory suggested that the pig will match its energy 

intake to its immediate or past energy needs, which in turn influences meal 

size and time between meals to affect feed intake. In addition, gastric 

distension and gastric emptying have been shown to exert a regulatory 

influence on feed intake (Martin et al., 1989).

Both ARC (1981) and NRC (1998) suggested that digestible energy 

content in diet and live body weight were main factors determining voluntary 
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feed intake in pigs. However, tremendous differences (20 to 30 %) in 

voluntary feed intake have been observed among different pig genotypes  

(Forbes et al., 1989; Schinckel, 1994) and gender (Schinckel, 1994).

A graphical model illustrating the potential relationship between energy 

density of the diet, levels of feed and energy intake was represented 

schematically in Figure 5, which was derived from Cole et al. (1971). 

Conceptually, there was a wide range of dietary energy levels within which 

the pig can adjust its feed intake to maintain a constant energy intake. 

However, the physiological control of feed intake probably involves 

mechanisms other than those associated with maintenance of energy balance 

at the extreme environment. Cole et al. (1971) suggested that these 

mechanisms could involve physical limitations to gut capacity with diets of 

low nutrient density and a lack of gut fill with diets of high nutrient density.

A number of factors of practical significance will impact these 

relationships and determine the feed intake of pigs fed a particular diet. 

These factors include the size, genotype, sex, the previous nutrition of the 

animal, the dietary concentration of protein and other nutrients and the 

sources of energy in the diet, particularly in relation to the type of fat or 

fiber used. Giles et al. (1998) suggested that 
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Figure 5. Schematic representation of the relationship between feed and 

energy intakes and the energy density of the diet. (Cole et al., 1971).

pigs weighing less than 20 kg seem unable to increase feed intake to adjust 

for reductions in dietary energy density below a digestible energy 

concentration of approximately 16 MJ/kg. In contrast, these authors 

suggested that pigs weighing from 20 to 50 kg or above 70 kg live weight 

could increase feed intake down to dietary digestible energy concentrations 

of 14 and 10 MJ/kg, respectively.

 4.2 Dietary protein level and protein intake

The voluntary feed intake of pigs can be influenced by the level of 

other essential nutrients in the diet, particularly in terms of any deficiencies 

or imbalances. In relation to dietary protein and amino acid levels, a number 

of studies had observed that feed intake can be decreased in 

growing·finishing pigs fed diets that were deficient in protein or essential 
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amino acids (Rogerson and Campbell, 1982; Hahn et al., 1995) or imbalance 

of ideal amino acids (Henry et al., 1992; Henry, 1995; Hahn and Baker, 

1995). However, other studies had shown an increase in feed intake due to 

dietary protein deficiency (Friesen et al., 1994).

The content of protein intake is determined to protein content of diet 

and the volume of voluntary feed intake. Some researchers conducted the 

experiment that which nutrient factors (energy and protein) are important to 

protein intake. 

Kyriazakis and Emmans (1992) suggested that the rate of protein 

deposition is dependent only on the rate of protein supply at low levels of 

protein intake. Whereas, protein deposition depends only on the energy 

supply at high levels of protein intake. Many researchers have reported that 

poultry performance is influenced by the ratio of protein to energy in the diet 

(Baldini and Rosenberg, 1955; Leong et al., 1955; Matterson et al., 1955; 

Scott and Staheli, 1955; Lockhart and Thayer, 1955; and Combs and 

Romoser, 1955). Also, some results were observed to effects of the protein 

and energy content of swine rations on performance and carcass 

characteristics (Bowland and Berg, 1959; Noland and Scott, 1960; Pond et 

al., 1960; Costain and Morgan, 1961).

Devilat et al. (1970) and Davey (1978) made a choice feeding method 

that providing pigs with a choice of two isoenergetic diets differing in protein 

content, so that they can select protein intake to meet their requirement. This 

feeding regimen is based on the hypothesis that pigs have the ability to meet 

their nutrient requirements by controling the feed intake. It was reported that 

individually housed pigs can differentiate between diets of different protein 

levels and tend to select a protein intake to meet their requirements 

(Kyriazakis, 1989; Kyriazakis et al., 1990). These observations were 
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supported by the results of Bradford and Gous (1991), who also suggested 

that choice feeding appears to have greater potential than phase feeding in 

commercial swine farm. On the other hands, Braude (1967) insisted that pigs 

often unable to select a diet that met their requirements adequately, and the 

choice feeding could not be better feeding method than single-feeding. In 

addition, Gourley et al. (1993), Owen et al. (1994) and Nam and Aeme 

(1995) supported the result of Braude (1967) that pigs do not have the ability 

to adjust a protein intake to meet their requirements when provided a choice 

of isoenergetic diets differing in protein content.

4.3 Dietary energy level and protein intake

A high-energy diet should have a high concentration of other nutrients, 

while a lower energy diet could have a reduced concentration of nutrients. 

However, it is impractical to lower the concentration of some nutrients, even 

when the energy concentration of the diet is low.

The construction of absorbed amino acids into body protein is an 

energy-consuming process in itself. Some 30-50 % of the energy used by 

growing pigs may well be involved in the anabolism of lean tissue. On the 

other hands, pigs can use dietary amino acids as a source of energy. After 

the degradation of nutrients to carbon and hydrogen, it helps to support 

many body functions and to synthesize body lipid. Since the synthesis of pig 

protein from feed protein is about 30-60 % efficient, the energy yield from 

the deamination of amino acids not deposited in the pig’s body or milk can 

be quite significant. Amino acids not destined for pig protein may also, upon 

their deamination, yield useful precursors for other body activities, for 
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example the formation of fatty tissues. Mainly, however, feed proteins are 

seen as providing the amino acid elements for the deposition of pig protein 

in growth or milk and for the maintenance of pig tissues.   

To maintain the amino acid and energy ratio constantly, the supply of 

amino acids should be adjusted to the energy density in diet (Henry, 1988). 

Although some researches indicated that the ratio of available lysine/MJ of 

digestible energy is not linear response during the pig’s whole life (Carr et 

al. 1977; Whittemore and Fawcett, 1976), other studies have suggested that, 

for growing pigs up to 50 kg, the interdependence between energy intake 

and the rate of protein deposition had linear response (Chiba et al., 1991).  

In growing-finishing pigs allowed ad libitum access to feed, the 

relationship of amino acid and energy is determined to the pig’s changing 

amino acid and energy needs and their capacity of feed intake at different 

growth phases.  In the growing phase (up to approximately 50 kg) the pig’s 

inherent capacity to deposit protein generally exceeds its ability to consume 

sufficient feed to satisfy its tissue requirements for protein synthesis. 

Consequently, during this period there is a positive linear response between 

amino acid intake and protein deposition6 and amino acid requirements with 

energy. However, during the finishing period, energy intakes exceed the 

needs for protein deposition and the pigs amino acid requirements for tissue 

synthesis are independent on the energy intake. 
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Ⅲ.  Effect of Dietary Energy and Protein 

Levels on Growth Performance, Blood Profiles 

and Carcass Characteristics in 

Growing-Finishing Pigs

Abstract: This experiment was conducted to evaluate the effects of dietary 

energy levels and phase feeding by protein levels on growth performance, 

blood profiles and carcass characteristics in growing-finishing pigs. A total of 

128 growing pigs ([Yorkshire × Landrace] × Duroc), averaging 26.62 ± 3.07 

kg body weight, were assigned in a 2 × 4 factorial arrangement with 4 pigs 

per pen. The first factor was two dietary energy level (3,265 kcal of ME/kg 

or 3,365 kcal of ME/kg), and the second factor was four different levels of 

dietary protein by phase feeding (1growing(G)-2finishing(F) phases, 2G-2F 

phases, 2G-3F phases and 2G-3F phases with low CP requirement). In 

feeding trial, there was no significant difference in growth performance. The 

BUN concentration was decreased as dietary protein level decreased in 6 

week and blood creatinine showed significant difference in 13 week when 

pigs were fed diets with different dietary energy level. The digestibility of 

crude fat was improved as dietary energy levels increased and excretion of 

urinary nitrogen was reduced when low protein diet was provided. Meat 

color, pork pH and proximate analysis of longissimus muscle were not 

affected by dietary treatments. In backfat thickness (P2) at 13 week, high 

energy diet and low subdivision of phase feeding tended to increase. When 

pigs fed the low energy diet (3,265 kcal of ME/kg), contents of proline, 

methionine and cysteine were increased. In addition, cooking loss and water 
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holding capacity were decreased as dietary protein level reduced. When pigs 

were fed high energy diet with low subdivision of phase feeding, days to 

120kg market weight was reached earlier compared to other treatments. 

Consequently, feeding the high energy diet and subdivision of 

growing-finishing phase by dietary protein levels had no significant effect on 

growth performance and carcass characteristics. Also, phase feeding with low 

energy and low protein diet, below the NRC requirement, had no negative 

effects in growth performance, carcass characteristics but economical profits 

was improved because of high carcass price as well as low feed cost.  

Keywords : Energy, Protein, Growing·finishing pig, Growth performance,   

           Blood profiles, Carcass characteristics
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Introduction

In livestock industry, providing adequate nutrients has been noted as the 

most important factor to achieve efficient and profitable animal production. 

Providing of insufficient nutrients limits the potential growth and production 

of animal, while feeding of excessive nutrients reduces the economic 

profitability and causes environment pollution (Jongbloed and Lenis, 1992; 

Paik et al., 1996; Kwon et al., 2000; Jeong et al., 2010).

To suggest standard nutrient requirement for pig production, nutrient 

requirement is presented with nutrients density in feeds. In these days, several 

research groups such as NRC (USA, 2012), ARC (UK, 1981), SCA 

(Australia, 1987) and JRC (Japan, 1993) have been publishing the nutrient 

requirements for pig production and revised its requirement continuously. 

Likewise, Korean Feeding Standard for Swine was published to introduce 

adequate nutrient requirement for domestic situations in 2007 by National 

Institute of Animal Science and was revised in 2012.

Providing adequate nutrients to animal is difficult because nutrient 

requirements of animal continuously are changed with aging (NRC, 1998). 

Thus the concept of phase feeding has been introduced in swine production, 

which divides the growth period into several phases and provide feed 

designated to each phase. 

Subdivision of feeding phases needs careful considerations because 

feeding one diet causes oversupply of nutrients in some period and results in  

deficiency of nutrients in other period (Chen et al., 1996; Han et al., 1998; 

Kim et al., 2000). However, importance of nutrient requirement for  

growing·finishing pigs was underestimated and overlooked compared to those 

of younger pigs although the growing-finishing period account for 

approximately 60% of domestic pig’s lifetime (NRC, 1998; KFSS, 2007) with 

about 80% of total feed consumption. 
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In growing period, pig shows the highest weight gain in lifetime for 

extensive muscle development (Whittemore, 1993). Changing diet with 

adequate dietary protein and amino acid contents can be the most important 

factor to maximizing the muscle development because protein and amino acid 

requirements are changing drastically in this period (Schinckel and de Lange, 

1996). However, fat deposition of pig is much greater than protein deposition 

in finishing period (Whittemore, 1993). Finishing feed formulation needs 

consideration about fat accumulation which results in carcass fatness and poor 

pork quality. Although these differences are made from continuous changes of 

nutrient requirements, NRC (2012) recommended 2 growing and 2 finishing 

periods, respectively compared to 1 growing and 2 finishing periods in 1998 

version of NRC. Moreover, NRC of 1998 and 2012 versions established four 

or three feeding phases for younger pigs until reaching 20 kg and 25 kg 

body weight, respectively. Therefore, more subdivision of growing-finishing 

period through phase feeding takes potential benefits in nutrient efficiency and 

maximizing growth performance, inducing high profit for wine producers.

Consequently, the present study was conducted to evaluate the 

subdivision of growing-finishing phase based on dietary protein levels in 

different dietary energy levels on growth performance, blood profiles and 

carcass characteristics.
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Materials and Methods

Experimental animals and management

A total of 128 crossbred pigs ([Landrace × Yorkshire]) × Duroc) with 

an average body weight of 26.62 ± 3.07kg were used for 13 weeks feeding 

trial. Pigs were reared in experimental farm of Seoul National University 

located in Suwon, Gyeonggi-Do. Two male and two female pigs were 

assigned to each pen of growing facility based on body weight. Pigs were 

reared in growing (1.30 × 2.50 m2) facilities for 6 weeks and then moved to 

finishing (1.60 × 3.10 m2) facilities for the rest 7 weeks. Feed and water 

were provided ad libitum during the whole experimental period by a 4 hole 

stainless feeder and a nipple installed in each pen. 

Experimental design and diet

Experimental pigs were allotted to 2 × 4 factorial arrangement in 

randomized complete block (RCB) design. The first factor was two levels of  

dietary energy density (3,265 kcal of ME/kg or 3,365 kcal of ME/kg), and 

the second factor was four dietary protein levels based on subdivision of 

growing-finishing phases (CON: 1 phase and 2 phases for growing and 

finishing pigs; P4: 2 phases and 2 phases for growing and finishing pigs; P5: 

2 phases and 3 phases for growing and finishing pigs; LP5: 2 phases and 3 

phases for growing and finishing pigs with lower dietary protein levels). The 

standard of dividing growing-finishing phase is determined to regression 

equation of nutrient requirement from NRC (1998). The CP requirements and 

body weight ranges presented in NRC (1998) were used to made the 

regression equation and line. As a result of regression equation, CP 
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requirement for each phase was determined. Growing phase1: CP 18.0% / 

BW (25-40kg), growing phase2: CP 16.3% / BW (40-60kg), finishing phase1: 

CP 14.9% / BW (60-80kg), finishing phase2: CP 13.9% / BW (80-100kg), 

finishing phase3: CP 13.2% / BW (100-120kg).

Y = -4.001ln(x) +31.947 (R2 = 0.9912) 

 Experimental diets were formulated for 5 phases, including growing 

phase1 (0-3 week), growing phase2 (4-6 week), finishing phase1 (7-9 week), 

finishing phase2 (10-12 week), finishing phase3 (13 week). All nutrients of 

experimental diets except CP and lysine were met or exceeded the nutrient 

requirement of NRC (1998). Formula and chemical composition of 

experimental diet were presented in Tables 1, 2, 3, 4 and 5.       

Growth performance

Body weight and feed consumption were recorded at 0, 3, 6, 9, 12 and 

13 weeks to calculate average daily gain (ADG), average daily feed intake 

(ADFI) and gain to feed ratio (G/F ratio).

Blood assay

Blood samples were taken from the jugular vein of randomly selected 

six pigs in each treatment for measuring blood urea nitrogen (BUN) and 

blood creatinine when the body weights were recorded. Collected blood 

samples were centrifuged for 15 min at 3,000 rpm on 4 ℃ (Eppendorf 

centrifuge 5810R, Germany). The sera were carefully transferred to 1.5 ml 

plastic tubes and stored at –20 ℃ until later analysis. Total BUN 
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concentration  was analyzed using a blood analyzer (Ciba-Corning model, 

Express Plus, Ciba Corning Diagnostics Co.). Creatinine concentration was 

measured by kinetic colorimetry assay using a blood analyzer (Modular 

analytics, PE, Roche, Germany)

Digestibility trial

A total of 24 crossbred growing barrows, averaging 49.37 ± 2.97 kg 

body weight, were allotted to individual metabolic crate in completely 

randomized design (CRD) with 4 replicates to evaluate the nutrient 

digestibility and nitrogen retention. Experimental diets of growing phase 2 

(NC: 18% crude protein, GC=GFC: 16.3% crude protein, LC: 15.6% crude 

protein) were provided to each treatment animals. Total collection method 

was used for the apparent nutrient digestibility. After a 5 days adaptation 

period, 5 days of collection period was followed. To determine the first and 

last day of collection days, 2 g of ferric oxide and chromium oxide were 

added in the first and last experimental diet as selection marker, respectively. 

During the experimental period, all pigs were fed 500 g of experimental diets 

twice a day at 7:00 and 19:00, and water was provided ad libitum. Total 

urine was collected daily in a plastic container containing 50 ml of 4 N 

H2SO4 to avoid nitrogen evaporation and frozen during the 5 days of 

collection period for nitrogen retention analysis. Collected feces and urine 

samples were stored –20 ℃ until analysis. Collected excreta were pooled and 

dried in an air-forced drying oven at 60 ℃ for 72 hours, and then ground 

into 1mm particles in a Wiley mill for chemical analysis include moisture, 

protein, fat and ash contents (AOAC, 1995).   
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Carcass traits

At the end of experiment, 3 pigs from each treatment group were 

selected and slaughtered for the carcass analysis. Pork samples were collected 

from nearby 10th rib on right side of carcass. Because of chilling procedure, 

30 minutes after slaughter was regarded as initial time. The pH was 

measured at 0, 3, 6, 12 and 24 hour and meat color of longissimus muscle 

was determined at initial time and 24 hours after initial time. The pH was 

measured using a pH meter (Model 720, Thermo Orion, U.S.A.) and pork 

color was determined by CIE color L*, a*, and b* values using a CR300 

(Minolta Camera Co., Japan). Chemical analysis of pork samples were 

conducted by the method of AOAC (1995). Backfat thickness at P2 position 

(mean value from both sides of the last rib and 65 mm away from the 

backbone) of finishing pigs was measured using ultrasound device 

(Lean-meter, Renco Corp., Minneapolis, US) at the end of feeding trial (13 

week).

Pork quality

Water holding capacity of pork was measured by centrifuge method. 

Three samples of longissimus muscles were ground and sampled in filter 

tube, than heated in water bath at 80 ℃ for 20 min and centrifuged for 10 

min at 2,000 rpm at 10 ℃ (Eppendorf centrifuge 5810R, Germany). To 

calculate the cooking loss, longissimus muscles were packed with 

polyethylene bag and heated in water bath until core temperature reached 72 

℃ and weighed before and after cooking. After heated, samples are cored 

(0.5 inch in diameter) parallel to muscle fiber and the cores were used to 

measure the shear force using a salter (Warner Barzler Shear, USA). Water 
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holding capacity, shear force and cooking loss of pork were analyzed in 

Foundation of Agri. Tech. Commercialization & Transfer. The amino acid 

contents in loin meat were determined by ion-exchange chromatography 

(Amino Acid Analyzer L-8900, Hitachi, Tokyo, Japan) with post-column 

derivatization with ninhydrin. Performic acid was used in oxidizing amino 

acids and neutralized with sodium citrate dihydrate, and then hydrolyzed with 

6 N HCl for 22 h at 110 ℃ to be liberated from the protein. Amino acids 

were quantified with the internal standard method (amino acid mixture 

standard solution Type H, Wako Chemical, Osaka, Japan; L-cysteic acid, 

Tockyo Chemical Industry, Tokyo, Japan; DL-methionine sulfone, Sigma, 

Missouri, US) by measuring the absorption of reaction products with 

ninhydrin at 570 nm. 

Economical analysis

As the experimental pigs were reared in the same environmental 

condition, economical efficiency was calculated using only the feed cost 

without considering other factors. The total feed cost and feed cost (won) per 

body weight gain (kg) was calculated using amount of the total feed intake 

and  feed price. The days to reaching market weight (120 kg) was estimated 

from the body weight at the end of feeding trial and ADG of 12-13 week. 

A total of 48 finishing pigs were slaughtered at slaughter house and all 

carcass was graded by livestock product grading standard (Korea Institute for 

Animal Products Quality Evaluation). Carcass price was determined based on 

average market price from Oct, 2012 to Nov, 2012.



42

Statistical analysis

All data were analyzed using PROC MIXED procedures of SAS. Each 

pen was regarded as an experimental unit in feeding trial, and individual pig 

was used as an experimental unit in blood profiles, digestive trial and carcass 

analysis. The statistical model included two main effects, dietary energy level 

and subdivision of phase by dietary protein level. PDIFF option of SAS was 

used to evaluate the effect of main factors and their interaction. Significance 

for treatment effects was reported at P≤0.05, with a trend between P≥0.05 

and P≤0.10. 
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Results and Discussion

Growth performance   

The effect of dietary energy levels and phase feeding by protein levels 

on growth performance was presented in Table 7. During the whole 

experimental period, dietary energy density and phase feeding by protein level 

did not show any significant differences in body weight, average daily gain 

(ADG), average daily feed intake (ADFI) and gain/feed ratio (G/F ratio). 

Numerous researches presented the benefits of increasing energy density in 

feed with improvement of weight gain and feed efficiency by lower feed 

intake (Pettigrew and Moser, 1991; Smith et al., 1999; De la Llata et al., 

2001). However, in current study, dietary energy level had little effects on 

the growth performance of growing·finishing pigs. Many researchers also 

found that increasing energy density had no influences on growth 

performance in growing·finishing pigs when feed contained sufficient energy 

for potential growth (Cromwell et al., 1978; Haydon et al., 1989; Matthews 

et al., 2003). Therefore, 3,265 kcal of ME/kg in this study was sufficient 

energy for growth of growing·finishing pigs.

 In phase feeding by protein levels, increasing subdivision of 

growing-finishing phase did not influence on growth performance. Similar to 

this observation, some researchers indicated that the number of phases did not 

have any effect on growth performance of growing·finishing pigs (Lee et al., 

2000, 2001; Ko et al., 2003, Choi et al., 2010). Since consumption of protein 

above requirement led to excreta (Chen et al., 1996), pig utilized the constant 

level of crude protein (Choi et al., 2010). In addition, LP5 group which fed 

diet contained lower protein also showed similar growth performance with P5 
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group. Richard and Libal (1983) and Tjong et al. (1972) demonstrated that 

supplementation of diet with lower crude protein than NRC requirement had 

no detrimental effects on growth performance. In the study of Carpenter et 

al. (2004), limitation of protein level in diet had no negative effects on 

growth performance during finishing period. Consequently, the results of 

current study demonstrated that pigs fed diet contained 3,265 kcal ME/kg of 

energy density and reduced crude protein level had no detrimental effects on 

growth performance compared with higher energy density or crude protein 

contents.

Blood profiles

The effect of dietary energy levels and phase feeding by protein levels 

on blood urea nitrogen (BUN) and blood creatinine concentration were shown 

in Table 8. At 6 week, reduction of BUN was observed by subdivision of 

phases especially when pigs were fed low protein diet (P<0.01).  Similarly, 

Lee et al. (2010) represented that two or three phase feedings resulted less 

BUN concentration compared to that of one phase feeding. Munchow and 

Bergner (1968) reported negative correlation between the biological value of 

feed and BUN content. Excessive consumption of protein decreased the 

availability of protein (Jeong et al., 2010) and increased the excretion of the 

nitrogen as urea form (Han et al., 2001). Thus, increase of BUN 

concentration indicated that excessive amino acids are inefficiently metabolized 

and circulated in the blood before excretion (Jeong et al., 2010). The result 

of current study was in agreement with previous researches which observed 

reduction of BUN concentration with supplementation of lower crude protein 
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diet (Chen et al., 1995, 1996; Gomez et al., 1998; Yen et al., 1986; Kwon 

et al., 2000; Jeong et al., 2010). In the results of growth performance, 

increasing subdivision of phase feeding or reduced dietary crude protein level 

had no detrimental effects. Therefore, decrease of BUN concentration at 6 wk 

indicated that efficiency of crude protein utilization can be improved by 

phase feeding or reduced dietary crude protein level especially in growing 

period.

 Blood creatinine is usually used as an index of estimating body 

muscle content. Blood creatinine has positive correlation with content of total 

muscle  (Baxmann, 2008) and striated muscle (Schultte, 1981).  At 13 week, 

when pigs were fed low energy (3,265 kcal of ME/kg) diet had higher blood 

creatinine concentration than pigs fed high energy (3,365 kcal of ME/kg) diet 

(P=0.05). Low energy diet resulted in increased percent yield of lean cuts 

(Bowland and Berg, 1959; Wagner et al., 1963) and high energy diet 

increased carcass fatness (Pettigrew and Moser, 1991; Myer et al., 1992). 

This observation demonstrated that increasing energy density in diet stimulated 

the rate of lipid accumulation and reduced the lean percentage (Storlien et 

al., 1986). Therefore, pigs fed low energy diet (3,265 kcal of ME/kg) had 

greater blood creatinine concentration than pigs fed high energy diet because 

of more lean and less fat depositions. 

Nutrient digestibility

The effect of dietary energy levels and phase feeding by protein levels 

on nutrient digestibility and nitrogen retention was presented in Table 9. 

Significant improvement of crude fat digestibility was observed when pigs 



46

were fed greater energy treatment group (P=0.02). However, there was no 

significant difference in digestibilities of dry matter, crude protein and crude 

ash. Improvement of fat digestibility in current study might be resulted from 

the highly digestible soy oil which was included in feed formulation to 

increase energy density of high energy density diet (3,365 kcal of ME/kg). 

Just (1982) represented that increase of fatty acids digestibility by inclusion 

of plant-derived oils is resulted from unsaturated fatty acids composition and 

Kim et al. (2013) demonstrated that fat digestibility of extracted oil from 

corn, soybean and rapeseed is higher than that of other feed ingredients

 In nitrogen retention, N-intake was decreased gradually as dietary 

protein level decreased (CON: CP 18 %, P5: CP 16.3 %, LP5: CP 15.6 %). 

Although N-feces did not show any significant difference, urinary nitrogen 

excretion was significantly decreased by 27% with subdivision of phase 

feeding and reduction of dietary crude protein levels (P<0.01). Futhermore, 

reduction of dietary crude protein level tended to show improvement (P=0.08) 

in percentage of nitrogen retention by 33%. Han et al. (2001) represented 

that excretion of nitrogen through urine decreased by reducing dietary protein 

level. Similarly,  Sutton et al. (1996) calculated that reduction of dietary 

protein level in diet by 3 to 4 % resulted in decreasing the excretion of total 

nitrogen by approximately 28 to 36 %. Consequently, subdivision of phase 

feeding during growing period showed similar N-retention with non-divided 

groups even though subdivision group had lower N-intake. This result 

indicated that lower crude protein has benefits on the efficiency of nitrogen 

utilization in growing pigs.

Carcass traits
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The effect of dietary energy levels and phase feeding by protein levels 

on carcass traits was presented in Table 10. Generally, pork quality is 

directly related to crude fat contents in carcass. Consequently leaner pork 

resulted in lower water holding capacity, higher shear force as well as  

cooking loss (Goerl et al., 1995). Moreover, Kauffman et al. (1964) reported 

that intramuscular fat of the longissimus muscle (LM) was correlated with 

juiciness, flavor and tenderness, although there was no significant difference 

in moisture, crude protein, crude fat and crude ash in current study. This 

result was in agreement with the observation of Jeong et al. (2010) which 

demonstrated that phase feeding had no influence on the chemical 

composition of longissimus muscle.

when pigs were fed higher energy density feed tended to show thicker 

backfat thickness (P2 position) than pigs fed lower dietary energy density 

(P=0.06). The current results of backfat thickness explained the observations 

in blood creatinine levels. Increase of carcass backfat by high energy diet has 

been published by several researchers (Cromwell et al., 1978; Smith et al., 

1999; Apple et al., 2004). In addition, tendency of reduction in backfat 

thickness was observed by subdivision of phase feeding or lowered dietary 

protein levels (P=0.09). Similarly, Wagner et al. (1963) demonstrated that 

increasing dietary protein level resulted in a linear decrease in carcass backfat 

thickness and Lee et al. (2000) represented that increasing the number of 

phase feeding regimes decreased the backfat thickness.

Table 10 and 11 showed the effect of dietary energy levels and phase 

feeding by protein levels on meat color (CIE value) of growing·finishing 

pigs. In a value, interactions between the energy level and protein level were 

observed at 0 hour and 24 hour (P<0.01). Also, there was significant 
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difference in 24 hour by phase feeding through dietary protein levels 

(P=0.01). In b* value, there was significant difference at 24 hour by the 

effect of phase feeding through dietary protein levels and interaction with 

energy level and phase feeding by dietary protein levels (P<0.05). These 

findings are in accordance with those of Goerl et al. (1995), who had 

demonstrated that a* and b* values in pork of pigs fed low protein diets. 

However, Jeong et al. (2010) reported that phase feeding had no influence to 

meat color at 0 hour and 24 hour. Also, Choi et al. (2010) indicated that 

phase feeding did not effect meat color at 0 day. The pH changes of LM 

during 24 hours after slaughter were shown in Figures 2 and 3 and there 

was no significant difference on pH changes of LM. The current result was 

in agreement with the report of Jeong et al. (2010) which showed phase 

feeding did not affect pH of pork loin and Szabo et al. (2001) which 

demonstrated that increase of protein levels and energy contents in diet did 

not affect the pH of meat.

Pork quality

The effect of dietary energy levels and phase feeding by protein levels 

on pork quality was presented in Table 12. Water holding capacity was 

decreased by the effect of phase feeding through dietary protein levels 

(P<0.01). There was an interaction between dietary energy levels and 

subdivision of phase through dietary protein levels (Table 13, P<0.01). 

Cooking loss can be an indirect index of WHC because cooking loss 

decreased when water holding capacity had increased (Hamm, 1986). 

Similarly, cooking loss showed a tendency of increase by low dietary protein 

levels (P=0.07). The WHC influenced on the changes of pH after slaughter, 
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meat flavor and tenderness (Honikel and Hamm, 1994). Beilken et al. (1986) 

demonstrated that shear force was increased when water holding capacity 

decreased. However, no significant difference was observed in shear force of 

LM in current study. 

In amino acid composition, the contents of proline, methionine and 

cysteine in LM from pigs fed low energy diet (3,265 kcal of ME/kg) was 

significantly increased (P<0.01). Also, the cysteine content tended to be 

reduced as dietary protein level decreased (P=0.06). Some researchers 

demonstrated that pigs fed low energy diets had higher lean cut yield and 

lower carcass fatness as compared with those fed high energy diets (Wagner 

et al., 1963; Seerley et al., 1978; Coffey et al., 1982; Pettigrew and Moser, 

1991; Myer et al., 1992). Therefore, these results indicated that pigs fed low 

energy diet (3,265 kcal of ME/kg) had greater amino acid content in LM 

than that of pigs fed high energy diet (3,365 kcal of ME/kg). 

Economical analysis

The effects of dietary energy levels and phase feeding by protein levels 

on feed cost, days to reaching 120kg body weight, carcass yield and carcass 

price were presented in Table 14. There was significant difference in feed 

cost per weight gain during 0-3 week (P<0.01), 6-9 week (P<0.05) and 

overall period (P<0.05) according to effect of dietary energy levels. Also, 

total feed cost per pig was affected by dietary energy levels during 6-9 

week, 9-12 week, 12-13 week and overall period (P<0.01). Increasing feed 

cost of high energy diets (3,365 kcal of ME/kg) is mainly caused by the soy 

oil supplementation. 

Though there was no significant difference in feed cost per weight gain 



50

and total feed cost for market weight but numerical decrease of feed cost 

was observed when subdivision of phase feeding was increased and dietary 

crude protein level decreased. This result was partially agreed with the 

reports of Han et al. (1998), Ko et al. (2003) and Jeong et al. (2010) which 

represented increasing subdivision of phases reduced the feed cost. There was 

no significant difference in days to market weight because growth 

performance was not affected by dietary treatments. 

Carcass yield was not altered by the dietary energy levels and phase 

feeding by protein levels. However, when pigs were fed lower energy diet 

(3,265 kcal of ME/kg) tended to show higher carcass price than pigs fed 

higher energy diet (3,365 kcal of ME/kg) (P=0.08). Since pigs fed low 

energy diet (3,265 kcal of ME/kg) took more 1A grade, they had higher 

carcass price than pigs fed high energy diet (3,365 kcal of ME/kg).
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Conclusion

There was no significant difference in growth performance by dietary 

energy levels and subdivision of phase through dietary protein levels. 

Subdivision of growing-finishing period by lowered dietary protein levels 

increased the nitrogen retention and reduced the BUN by increasing nitrogen 

availability. However, dietary energy levels and subdivision of phase through 

dietary protein levels had no detrimental effect on carcass traits and pork 

quality. Consequently, phase feeding with low energy (3,265 kcal of ME/kg) 

and low protein diet (below the NRC req.) had no negative effect on growth 

performance, carcass characteristics but economical profits was improved due 

to high carcass price and low feed cost.  
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Table 1. Formula and chemical composition of growing phase1 (0-3 week).

Energy level 3,265 kcal of ME/kg 3,365 kcal of ME/kg

Subdivision of phase
by protein levels CON1 P4 P5 LP5 CON P4 P5 LP5

Ingredients, %

 Corn 68.66 68.66 68.66 70.30 66.78 66.78 66.78 69.11

 SBM-46 28.20 28.20 28.20 26.02 28.74 28.74 28.74 26.64

 Wheat bran 0.63 0.63 0.63 1.28 0.00 0.00 0.00 0.00

 L-Lysine․HCl 0.12 0.12 0.12 0.09 0.11 0.11 0.11 0.08

 DL-Methionine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Limestone 0.74 0.74 0.74 0.67 0.73 0.73 0.73 0.65

 Soy-oil 0.00 0.00 0.00 0.00 1.99 1.99 1.99 1.85

 DCP 1.16 1.16 1.16 1.15 1.14 1.14 1.14 1.17

 Vitamin Mix2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Mineral Mix3 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition4　

 ME, kcal/kg 3,265 3,265 3,265 3,265 3,365 3,365 3,365 3,365

 Crude protein, % 18.00 18.00 18.00 17.20 18.00 18.00 18.00 17.20

 Lysine5, % 0.95 0.95 0.95 0.88 0.95 0.95 0.95 0.88

 Methionine5, % 0.26 0.26 0.26 0.25 0.26 0.26 0.26 0.25

 Tryptophan5, % 0.22 0.22 0.22 0.21 0.22 0.22 0.22 0.21

 Threonine5, % 0.72 0.72 0.72 0.69 0.72 0.72 0.72 0.69

 Ca, % 0.60 0.60 0.60 0.57 0.60 0.60 0.60 0.57

 Total P, % 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

1 Treatments: CON, 1 grow – 2 finish phases by NRC requirement; P4, 2 grow – 2 finish 

phases by CP requirement; P5, 2 grow – 3 finish phases by CP requirement; LP5, 2 grow 

– 3 finish phases by low CP requirement. 
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 

IU; vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; 

calcium pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 

88 mg; Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Value means total amino acid (%).
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Table 2. Formula and chemical composition of growing phase2 (4-6 week).

Energy level 3,265 kcal of ME/kg 3,365 kcal of ME/kg

Subdivision of phase
by protein levels CON1 P4 P5 LP5 CON P4 P5 LP5

Ingredients, %

 Corn 68.66 72.14 72.14 73.54 66.78 69.68 69.68 71.58

 SBM-46 28.20 23.46 23.46 21.49 28.74 23.91 23.91 21.99

 Wheat bran 0.63 2.11 2.11 2.79 0.00 2.00 2.00 2.22

 L-Lysine․HCl 0.12 0.08 0.08 0.06 0.11 0.07 0.07 0.06

 DL-Methionine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Limestone 0.74 0.65 0.65 0.68 0.73 0.65 0.65 0.65

 Soy-oil 0.00 0.00 0.00 0.00 1.99 2.12 2.12 2.02

 DCP 1.16 1.07 1.07 0.94 1.14 1.06 1.06 0.98

 Vitamin Mix2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Mineral Mix3 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition4　

 ME, kcal/kg 3,265 3,265 3,265 3,265 3,365 3,365 3,365 3,365

 Crude protein, % 18.00 16.30 16.30 15.60 18.00 16.30 16.30 15.60

 Lysine5, % 0.95 0.82 0.82 0.77 0.95 0.82 0.82 0.77

 Methionine5, % 0.26 0.25 0.25 0.24 0.26 0.25 0.25 0.24

 Tryptophan5, % 0.22 0.20 0.20 0.19 0.22 0.20 0.20 0.19

 Threonine5, % 0.72 0.65 0.65 0.63 0.72 0.65 0.65 0.63

 Ca, % 0.60 0.54 0.54 0.52 0.60 0.54 0.54 0.52

 Total P, % 0.50 0.47 0.47 0.45 0.50 0.47 0.47 0.45

1 Treatments: CON, 1 grow – 2 finish phases by NRC requirement; P4, 2 grow – 2 finish 

phases by CP requirement; P5, 2 grow – 3 finish phases by CP requirement; LP5, 2 grow 

– 3 finish phases by low CP requirement. 
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 

IU; vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; 

calcium pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 

88 mg; Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Value means total amino acid (%).
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Table 3. Formula and chemical composition of finishing phase1 (7-9 week).

Energy level 3,265 kcal of ME/kg 3,365 kcal of ME/kg

Subdivision of phase
by protein levels CON1 P4 P5 LP5 CON P4 P5 LP5

Ingredients, %

 Corn 73.72 73.72 75.00 76.05 71.68 71.68 71.91 72.30

 SBM-46 21.18 21.18 19.51 18.10 21.72 21.72 19.90 18.42

 Wheat bran 2.97 2.97 3.38 3.78 2.44 2.44 3.81 4.81

 L-Lysine․HCl 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04

 DL-Methionine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Limestone 0.63 0.63 0.63 0.60 0.60 0.60 0.60 0.59

 Soy-oil 0.00 0.00 0.00 0.00 2.04 2.04 2.27 2.41

 DCP 0.95 0.95 0.93 0.91 0.98 0.98 0.97 0.94

 Vitamin Mix2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Mineral Mix3 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition4　

 ME, kcal/kg 3,265 3,265 3,265 3,265 3,365 3,365 3,365 3,365

 Crude protein, % 15.50 15.50 14.90 14.40 15.50 15.50 14.90 14.40

 Lysine5, % 0.75 0.75 0.72 0.68 0.75 0.75 0.72 0.68

 Methionine5, % 0.24 0.24 0.23 0.23 0.24 0.24 0.23 0.23

 Tryptophan5, % 0.18 0.18 0.18 0.17 0.18 0.18 0.18 0.17

 Threonine5, % 0.62 0.62 0.60 0.58 0.62 0.62 0.60 0.58

 Ca, % 0.50 0.50 0.50 0.48 0.50 0.50 0.50 0.48

 Total P, % 0.45 0.45 0.44 0.43 0.45 0.45 0.44 0.43

1 Treatments: CON, 1 grow – 2 finish phases by NRC requirement; P4, 2 grow – 2 finish 

phases by CP requirement; P5, 2 grow – 3 finish phases by CP requirement; LP5, 2 grow 

– 3 finish phases by low CP requirement. 
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 

IU; vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; 

calcium pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 

88 mg; Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Value means total amino acid (%).
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Table 4. Formula and chemical composition of finishing phase2 (10-12week).

Energy level 3,265 kcal of ME/kg 3,365 kcal of ME/kg

Subdivision of phase
by protein levels CON1 P4 P5 LP5 CON P4 P5 LP5

Ingredients, %

 Corn 78.53 78.53 77.02 77.88 72.37 72.37 72.57 72.65

 SBM-46 14.75 14.75 16.68 15.57 14.74 14.74 16.88 15.67

 Wheat bran 4.77 4.77 4.33 4.59 8.00 8.00 6.00 7.00

 L-Lysine․HCl 0.04 0.04 0.05 0.04 0.03 0.03 0.04 0.03

 DL-Methionine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Limestone 0.60 0.60 0.60 0.60 0.57 0.57 0.58 0.58

 Soy-oil 0.00 0.00 0.00 0.00 2.93 2.93 2.56 2.73

 DCP 0.81 0.81 0.83 0.82 0.87 0.87 0.87 0.84

 Vitamin Mix2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Mineral Mix3 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition4　

 ME, kcal/kg 3,265 3,265 3,265 3,265 3,365 3,365 3,365 3,365

 Crude protein, % 13.20 13.20 13.90 13.50 13.20 13.20 13.90 13.50

 Lysine5, % 0.60 0.60 0.65 0.62 0.60 0.60 0.65 0.62

 Methionine5, % 0.22 0.22 0.23 0.22 0.22 0.22 0.22 0.22

 Tryptophan5, % 0.15 0.15 0.16 0.15 0.15 0.15 0.16 0.16

 Threonine5, % 0.53 0.53 0.55 0.54 0.52 0.52 0.55 0.54

 Ca, % 0.45 0.45 0.46 0.45 0.45 0.45 0.46 0.45

 Total P, % 0.40 0.40 0.41 0.41 0.40 0.40 0.41 0.40

1 Treatments: CON, 1 grow – 2 finish phases by NRC requirement; P4, 2 grow – 2 finish 

phases by CP requirement; P5, 2 grow – 3 finish phases by CP requirement; LP5, 2 grow 

– 3 finish phases by low CP requirement. 
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 

IU; vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; 

calcium pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 

88 mg; Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Value means total amino acid (%).



56

Table 5. Formula and chemical composition of finishing phase3 (13 week).

Energy level 3,265 kcal of ME/kg 3,365 kcal of ME/kg

Subdivision of phase
by protein levels CON1 P4 P5 LP5 CON P4 P5 LP5

Ingredients, %

 Corn 78.53 78.53 78.53 79.28 72.37 72.37 72.37 72.56

 SBM-46 14.75 14.75 14.75 13.57 14.74 14.74 14.74 13.51

 Wheat bran 4.77 4.77 4.77 5.30 8.00 8.00 8.00 9.00

 L-Lysine․HCl 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02

 DL-Methionine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Limestone 0.60 0.60 0.60 0.60 0.57 0.57 0.57 0.57

 Soy-oil 0.00 0.00 0.00 0.00 2.93 2.93 2.93 3.06

 DCP 0.81 0.81 0.81 0.72 0.87 0.87 0.87 0.78

 Vitamin Mix2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Mineral Mix3 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition4　

 ME, kcal/kg 3,265 3,265 3,265 3,265 3,365 3,365 3,365 3,365

 Crude protein, % 13.20 13.20 13.20 12.80 13.20 13.20 13.20 12.80

 Lysine5, % 0.60 0.60 0.60 0.57 0.60 0.60 0.60 0.57

 Methionine5, % 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22

 Tryptophan5, % 0.15 0.15 0.15 0.14 0.15 0.15 0.15 0.14

 Threonine5, % 0.53 0.53 0.53 0.51 0.53 0.53 0.53 0.51

 Ca, % 0.45 0.45 0.45 0.43 0.45 0.45 0.45 0.43

 Total P, % 0.40 0.40 0.40 0.38 0.40 0.40 0.40 0.38

1 Treatments: CON, 1 grow – 2 finish phases by NRC requirement; P4, 2 grow – 2 finish 

phases by CP requirement; P5, 2 grow – 3 finish phases by CP requirement; LP5, 2 grow 

– 3 finish phases by low CP requirement. 
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 

IU; vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; 

calcium pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 

88 mg; Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Value means total amino acid (%).



57

Figure 1. CP requirement of each treatment in the whole period
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Table 6. Experimental design of subdivision of growing-finishing period by 

protein levels.

Treatment 0-3 week 3-6 week 6-9 week 9-12 week 12-13 week

CON

(CP level)

Growing 1

(18.0%)

Finishing 1

(15.5%)

Finishing 2

(13.2%)

P4

(CP level)

Growing 1

(18.0%)

Growing 2

(16.3%)

Finishing 1

(15.5%)

Finishing 2

(13.2%)

P5

(CP level)

Growing 1

(18.0%)

Growing 2

(16.3%)

Finishing 1

(14.9%)

Finishing 2

(13.9%)

Finishing 3

(13.2%) 

LP5

(CP level)

Growing 1

(17.2%)

Growing 2

(15.6%)

Finishing 1

(14.4%)

Finishing 2

(13.5%)

Finishing 3

(12.8%) 
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Table 7. Effects of dietary energy and protein levels on growth performance 
in growing·finishing pigs1

Criteria
Treatments

SEM2
P-value

ME 
3,265

ME 
3,365 CON P4 P5 LP5 E P E×P

Body weight3, kg

 Initial 26.27 26.35 26.25 26.31 26.32 26.37 - - -

 3 wk 43.62 43.41 43.14 42.64 44.39 43.89 0.740 0.90 0.88 0.86 

 6 wk 61.39 61.11 61.45 59.90 62.33 61.32 0.893 0.89 0.85 0.85 

 9 wk 80.98 79.43 81.20 78.42 80.40 80.80 0.998 0.46 0.79 0.44 

 12 wk 100.67 99.86 101.27 98.06 100.60 101.12 1.134 0.74 0.77 0.66 

 13 wk 107.75 107.64 107.67 105.80 108.89 108.43 1.190 0.97 0.84 0.58 

ADG, g

 0-3 wk 826 812 804 778 861 835 16.1 0.66 0.30 0.28 

 3-6 wk 846 843 872 823 855 830 17.8 0.94 0.79 0.84 

 6-9 wk 933 872 941 882 860 928 22.0 0.77 0.56 0.61 

 9-12 wk 938 973 956 936 962 968 20.0 0.17 0.52 0.28 

 12-13 wk 1,012 1,112 913 1,106 1,185 1,044 50.4 0.42 0.96 0.60 

 0-6 wk 836 828 838 800 858 832 13.6 0.33 0.30 0.55 

 6-13 wk 946 950 943 937 950 962 11.2 0.89 0.90 0.41 

 0-13 wk 895 894 895 874 908 902 10.6 0.92 0.72 0.41 

ADFI, g

 0-3 wk 1,644 1,678 1,672 1,606 1,751 1,616 42.8 0.71 0.67 0.70 

 3-6 wk 2,177 2,138 2,202 2,081 2,246 2,102 48.4 0.71 0.64 0.94 

 6-9 wk 2,583 2,595 2,702 2,514 2,599 2,541 48.3 0.98 0.61 0.90 

 9-12 wk 2,903 2,875 2,924 2,931 2,957 2,743 42.1 0.92 0.61 0.96 

 12-13 wk 3,035 3,252 3,146 3,274 3,069 3,085 53.0 0.73 0.25 0.19 

 0-6 wk 1,911 1,908 1,937 1,843 1,999 1,859 42.3 0.49 0.22 0.43

 6-13 wk 2,785 2,808 2,860 2,801 2,819 2,705 34.5 0.97 0.41 0.89

 0-13 wk 2,381 2,393 2,434 2,359 2,440 2,314 35.1 0.99 0.50 0.92

G/F ratio

 0-3 wk 0.510 0.487 0.483 0.485 0.497 0.530 0.0103 0.28 0.38 0.55 

 3-6 wk 0.391 0.397 0.399 0.395 0.382 0.400 0.0073 0.69 0.84 0.60 

 6-9 wk 0.363 0.340 0.350 0.355 0.333 0.369 0.0099 0.76 0.71 0.67 

 9-12 wk 0.326 0.339 0.327 0.322 0.329 0.354 0.0082 0.26 0.66 0.41 

 12-13 wk 0.337 0.342 0.292 0.337 0.392 0.339 0.0174 0.45 0.57 0.67 

 0-6 wk 0.441 0.437 0.436 0.435 0.432 0.453 0.0066 0.35 0.46 0.77

 6-13 wk 0.342 0.339 0.331 0.335 0.338 0.357 0.0052 0.98 0.31 0.77

 0-13 wk 0.378 0.375 0.369 0.371 0.373 0.392 0.0050 0.92 0.33 0.78

1 A total 128 crossbred pigs was fed from average initial body 26.62 ± 3.07 kg and the average final 

body weight was 107.7 kg.
2 Standard error of mean.
3 Values are means for four pens of four pigs per pen.
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Table 8. Effects of dietary energy and protein levels on blood profiles in 

growing·finishing pigs1

Criteria
Treatments

SEM2
P-value

ME 
3,265

ME 
3,365 CON P4 P5 LP5 E P E×P

BUN, mg/dL

 Initial 10.28 10.28 10.28 10.28 10.28 10.28 - - - -

 3 wk 11.61 11.14 11.95 11.76 11.60 10.18 0.285 0.41 0.12 0.78 

 6 wk 10.65 9.90 12.30 10.10 10.10 8.60 0.334 0.21 0.01 0.30 

 9 wk 9.45 10.14 10.14 10.46 9.45 9.13 0.258 0.18 0.25 0.64 

 12 wk 11.42 11.69 10.85 12.70 10.80 11.87 0.329 0.69 0.15 0.83 

 13 wk 11.68 10.65 10.17 10.81 12.23 11.45 0.378 0.18 0.27 0.85 

Creatinine, mg/dL

 Initial 1.00 1.00 1.00 1.00 1.00 1.00 - - - -

 3 wk 0.82 0.82 0.72 0.78 0.92 0.84 0.030 1.00 0.12 0.34 

 6 wk 0.96 0.89 0.89 0.90 0.94 0.98 0.025 0.17 0.58 0.80 

 9 wk 1.18 1.20 1.11 1.22 1.19 1.25 0.032 0.71 0.52 0.54 

 12 wk 1.44 1.40 1.38 1.40 1.38 1.53 0.030 0.58 0.26 0.30 

 13 wk 1.45 1.32 1.31 1.45 1.32 1.47 0.033 0.05 0.17 0.98 

1 Least squares means of 6 observations per treatment.
2 Standard error of mean.
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Table 9. Effects of dietary energy and protein levels on nutrient digestibility 

and nitrogen retention in growing·finishing pigs1

Criteria
Treatments3

SEM2
P-value

ME 
3,265

ME 
3,365 CON P5 LP5 E P E×P

Nutrient digestibility, %

 Dry matter 90.33 90.44 90.63 90.21 90.31 0.233 0.84 0.79 0.78 

 Crude protein 87.60 87.53 88.70 87.20 86.80 0.409 0.99 0.19 0.46 

 Crude ash 60.52 59.35 59.55 58.19 62.06 1.078 0.61 0.38 0.64 

 Crude fat 71.00 76.80 77.45 71.94 72.33 1.358 0.02 0.12 0.28 

N-retention, g/d

 N-intake 116.99 117.37 127.04 114.70 109.82 1.832 

 N-feces 14.43 14.53 14.35 14.69 14.40 0.460 0.93 0.96 0.48 

 N-urine 71.25 70.69 81.55 71.69 59.68 2.628 0.89 0.01 0.58 

 N-retention4 31.31 32.16 31.14 28.32 35.75 2.175 0.82 0.26 0.65 

 N-retention5, % 27.02 27.49 24.51 24.68 32.57 1.747 0.88 0.08 0.67 

1 A total of 24 barrow and initial body weight 49.37 ± 2.97 kg. 
2 Standard error of mean.
3 CON: CP 18.0%, P5: CP 16.3%, LP5: CP 15.6%.
4 N retention = N intake (g) - Fecal N (g) - Urinary N (g).
5 N retention (%) = N retention / N intake × 100
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Table 10. Effects of dietary energy and protein levels on carcass traits1

Criteria
Treatments

SEM2
P-value

ME 
3,265

ME 
3,365 CON P4 P5 LP5 E P E×P

Proximate analysis

Moisture 72.88 72.35 72.55 72.97 72.25 72.71 0.293 0.41 0.87 0.39 

Crude protein 23.43 24.06 23.01 24.12 24.17 23.70 0.271 0.26 0.43 0.43 

Crude fat 2.12 2.61 2.45 1.91 2.52 2.60 0.197 0.24 0.62 0.42 

Crude ash 1.09 1.14 1.14 1.00 1.16 1.17 0.043 0.55 0.55 0.68 

Backfat thickness

 P2, mm 11.50 11.96 11.86 12.14 11.64 11.29 0.126 0.06 0.09 0.33

CIE value3, L*

 0 hr 43.14 42.63 44.31 41.44 42.87 42.91 0.610 0.87 0.85 0.78 

 24 hr 47.51 46.38 46.96 45.88 47.76 47.20 0.374 0.15 0.38 0.75 

CIE value, a*

 0 hr 1.08 1.34 1.33 1.06 1.20 1.26 0.118 0.15 0.74 0.01 

 24 hr 2.88 3.16 2.49 2.69 3.24 3.66 0.167 0.20 0.01 0.01 

CIE value, b*

 0 hr 4.09 4.10 4.19 3.84 4.21 4.14 0.116 0.96 0.70 0.49 

 24 hr 5.81 5.70 5.38 5.38 6.00 6.27 0.145 0.61 0.02 0.03 

1 Least squares means for three pigs per treatment.
2 Standard error of mean.
3 CIE L: luminance or brightness (vary from black to white), a: red and green component 

(+a:red, -a:green), b: yellow and blue component (+b:yellow, -a:blue)
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Table 11. Effects of dietary energy and protein levels on meat color1

Criteria

Treatments

SEM2
P-value

3,265 kcal of ME/kg 3,365 kcal of ME/kg

CON P4 P5 LP5 CON P4 P5 LP5 E P E×P

CIE value3, L*

 0 hr 45.52 40.58 43.95 42.50 43.09 42.30 41.79 43.32 0.610 0.87 0.85 0.78 

 24 hr 47.30 45.96 48.39 48.40 46.61 45.80 47.13 45.99 0.374 0.15 0.38 0.75 

CIE value, a*

 0 hr 1.05 0.34 1.59 1.34 1.60 1.78 0.80 1.17 0.118 0.15 0.74 0.01 

 24 hr 2.45 1.76 3.34 3.95 2.53 3.62 3.13 3.37 0.167 0.20 0.01 0.01 

CIE value, b*

 0 hr 4.15 3.56 4.50 4.14 4.22 4.11 3.92 4.14 0.116 0.96 0.70 0.49 

 24 hr 5.43 4.86 6.18 6.77 5.33 5.89 5.81 5.76 0.145 0.61 0.02 0.03 

1 Least squares means for three pigs per treatment.
2 Standard error of mean.
3 CIE L: luminance or brightness (vary from black to white), a: red and green component 

(+a:red, -a:green), b: yellow and blue component (+b:yellow, -a:blue)
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Figure 2. Effects of dietary energy levels on pH after slaughter

Figure 3. Effects of dietary protein levels on pH after slaughter
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Table 12. Effects of dietary energy and protein levels on pork quality

Criteria
Treatments

SEM1
P-value

ME 
3,265

ME 
3,365 CON P4 P5 LP5 E P E×P

Physiochemical property

Cooking loss2 30.63 30.49 29.81 30.96 29.73 31.75 0.093 0.80 0.07 0.15 

Shear force3 4.51 4.53 4.49 4.87 4.30 4.42 0.331 0.93 0.15 0.18 

WHC4 55.49 56.01 56.43 54.65 56.87 55.06 0.310 0.17 0.01 0.01

Amino acids composition, %

 Aspartate 1.91 1.90 1.89 1.92 1.90 1.92 0.013 0.50 0.88 0.62

 Threonine 0.95 0.95 0.95 0.95 0.95 0.96 0.007 0.65 0.91 0.59

 Serine 0.82 0.81 0.81 0.82 0.82 0.82 0.006 0.50 0.83 0.54

 Glutamate 2.99 2.97 2.96 3.00 2.96 3.00 0.023 0.65 0.92 0.53

 Glycine 0.84 0.83 0.83 0.84 0.84 0.84 0.004 0.29 0.95 0.46

 Alanine 1.18 1.17 1.17 1.18 1.18 1.18 0.007 0.39 0.92 0.52

 Valine 0.87 0.87 0.87 0.90 0.84 0.87 0.008 0.87 0.10 0.30

 Isoleucine 0.86 0.86 0.87 0.89 0.83 0.86 0.009 0.81 0.12 0.29

 Leucine 1.71 1.69 1.69 1.72 1.68 1.70 0.012 0.50 0.74 0.56

 Tyrosine 0.61 0.60 0.61 0.61 0.60 0.60 0.004 0.16 0.83 0.53

 Phenylalanine 0.80 0.79 0.79 0.81 0.79 0.80 0.006 0.45 0.58 0.62

 Lysine 1.77 1.76 1.76 1.78 1.74 1.77 0.126 0.63 0.81 0.52

 Histidine 0.88 0.88 0.87 0.90 0.89 0.87 0.008 0.96 0.49 0.79

 Arginine 1.28 1.28 1.28 1.29 1.27 1.29 0.010 0.67 0.85 0.48

 Proline 0.45 0.44 0.45 0.45 0.44 0.45 0.003 0.01 0.67 0.62

 Methionine 0.49 0.45 0.48 0.47 0.48 0.43 0.009 0.01 0.11 0.14

 Cysteine 0.22 0.19 0.21 0.21 0.21 0.19 0.005 0.01 0.06 0.15

 Total sum 18.62 18.39 18.44 18.70 18.37 18.51 0.121 0.38 0.83 0.49

1 Standard error of mean.
2 Cooking loss unit: %
3 Shear force unit: kg/0.5 inch2

4 WHC: water holding capacity, 
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Table 13. Effects of dietary energy and protein levels on physiochemical 

property

Criteria

Treatments

SEM1

P-value
3,265 kcal of ME/kg 3,365 kcal of ME/kg

E P E×PCON P4 P5 LP5 CON P4 P5 LP5

Physiochemical property

Cooking loss2 29.25 31.26 29.14 32.87 30.36 30.65 30.31 30.62 0.093 0.80 0.07 0.15 

Shear force3 4.54  4.64 4.15 4.71 4.44 5.09 4.45 4.12 0.331 0.93 0.15 0.18 

WHC4 55.79 54.06 58.10 54.01 57.06 55.24 55.63 56.11 0.310 0.17 0.01 0.01

1 Standard error of mean.
2 Cooking loss unit: %
3 Shear force unit: kg/0.5 inch2

4 WHC: water holding capacity, 
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Table 14. Effects of dietary energy and protein levels on economical 

efficiency

Criteria
Treatments

SEM1
P-value

ME 
3,265

ME 
3,365 CON P4 P5 LP5 E P E×P

Feed cost per weight gain, won/kg

 0-3 wk 778 870 851 847 831 768 17.2 0.01 0.33 0.63

 3-6 wk 988 1,049 1,029 1,010 1,048 985 19.1 0.15 0.75 0.66

 6-9 wk 1,035 1,202 1,124 1,120 1,180 1,050 41.1 0.02 0.60 0.34

 9-12 wk 1,119 1,186 1,166 1,188 1,172 1,083 32.4 0.51 0.62 0.63

 12-13 wk 1,110 1,177 1,318 1,136 998 1,121 54.2 0.98 0.14 0.38

 0-13 wk 5,029 5,484 5,489 5,302 5,230 5,006 88.8 0.02 0.17 0.33

Total feed cost per pig, won/head

 0-3 wk 13,640 14,912 14,438 13,830 15,107 13,729 383.7 0.11 0.58 0.68

 3-6 wk 17,642 18,659 18,992 17,439 18,833 17,339 431.6 0.27 0.43 0.94

 6-9 wk 20,343 22,140 22,286 20,744 21,280 20,655 432.2 0.04 0.54 0.98

 9-12 wk 22,143 24,288 23,438 23,454 23,875 22,096 386.5 0.01 0.27 0.27

 12-13 wk 7,663 9,151 8,431 8,762 8,232 8,204 186.6 0.01 0.47 0.80

 0-13 wk 81,431 89,150 87,585 84,230 87,326 82,023 1469.7 0.01 0.55 0.92

Days to market weight (reached 120kg BW)

105.5 102.4 106.8 103.9 102.2 102.9 1.60 0.36 0.77 0.40

Carcass yield and price 
Carcass yield,
% 76.7 76.7 77.2 76.0 76.2 77.4 0.270 0.95 0.23 0.99

Carcass price,
1,000 won 377.6 368.4 368.3 376.2 365.6 381.8 2.641 0.08 0.12 0.90

1 Standard error of mean.
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Ⅴ. Summary in Korean

 본 연구는 사료 내 에 지 과 사양단계별 단 질 함량  차이가 

· 돈  장 , 액 상  도체특 에 미 는 향에 하여 알

아보고, 이를 탕  양돈농가에 른 사료 내 양소 과 사료 여

식  시하  하여 행 었다. 평균 체  26.62 ± 3.07 kg  3원 

잡종 ([Yorkshire × Landrace]) × Duroc) 돈 128 를 공시하

며, 체 8처리 4 복, 복 당 4 씩 별과 체 에 라 난 법 (RCBD; 

Randomized Complete Block Design)  하 다. 실험  2×4 

factorial arrangement  계 었 며, 실험  처리구는 다 과 같다. 요

인 1  사료 내 에 지   3,265 kcal of ME/kg  3,365 kcal of 

ME/kg  구 었 며, 요인 2는 사료 내 단 질 함량에 라 사 단계

를 분 하 다. 이에 라 1) CON ( 1- 2, NRC요구량, 2) 

P4 ( 2- 2, 를 조단 질 함량에 라 분 ), 3) P5 (

2- 3, · 를 조단 질 함량에 라 분 ), 4) LP5 

( 2- 3, NRC보다 낮  조단 질 요구량)  처리구를 구 하

다. 사양실험 결과, · 돈 사료 내 에 지 과 단 질 함량에 른 

단계별 여는 · 돈  체 , 일당증체량, 일당사료 취량, 사료효

에 인 향  미 지 못하는 것  나타났다. 액 상  분 한 결

과, 후  BUN 농도가 LP5처리구에  가장 낮아지는 결과가 나타났

며 (P<0.01), 이를 통해 단 질 함량이 낮아짐에 라 그 이용  증가

는 것  알  있었다. 또한  creatinine  농도를 분 한 결과, 13주

차에 에 지  사료를 여한 처리구   creatinine 농도가 증가

하 는데 (P<0.05), 이는 고에 지 처리구에 해 근 생 량이 상

 많아진 것에  인하는 것  사료 다. 돈  상  시행  
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양소 소  실험결과, 건 , 조단 질, 조회분 소 에  통계 인 차

가 나타나지 않았지만, 사료 내 에 지 이 높  처리구에  조지  소

이 개 는 효과가 나타났 며 (P<0.05) 사료 내 단 질 함량이 감소

함에 라 뇨를 통한 질소 출량이  감소하여 (P<0.01) 질소이

용  또한 개 는 결과가 나타났다. 도축 후 채취한 등심근  상  한 

일 분 분  결과 분, 조단 질, 조지   조회분 함량에  처리구간  

인 차이가 견 지 않았 며, 돈  pH 변 에 는 요인에 른 

인 차이가 나타나지 않았고, 색에 는 24시간째에 인 차이가 

나타났지만 (P<0.01) 상  범 를 벗어나지 않는 것  나타났다. 또

한, 13주차에 등지 (P2) 께를 한 결과, 고에 지 처리구에  등지  

께가 꺼워지고, 사양단계가 많  처리구일  등지  께가 얇아지

는 경향이 나타났다. 사양단계가 많아지고, 사료 내 단 질 함량이 낮아짐에 

라 돈  가열감량이 증가하고 (P=0.07) 보  감소하는 결과가 나

타났 며 (P<0.01) 돈  내 valine  함량  감소하고, cyteine함량이 증가

하는 경향이 나타났다. 또한 에 지 사료 (3,265 Kcal ME/kg) 를 여한 

처리구  돈  내 proline, methionine, cysteine  함량이 높아지는 것

 나타났다. 경  분  한 결과, 사료가격  에 지 사료  사양단계

가 많아질  감소하 며, 도체가격  에 지 사료  단 질 함량  

사료를 여한 처리구에  높게 나타났다. 고에 지 (3,365 kcal of 

ME/kg)  사료를 여한 처리구들 120kg 도달일 이 단축 었지만, 

에 지 (3,265 kcal of ME/kg) 에  1등 과 A등  출 이  높

게 나타나  높  지 단가를 가지는 것  조사 었다. 결  에

지  (3,265 kcal of ME/kg) 과 단계별 사료 여에 른 단 질 함

량  사료를 · 돈에 여하여도 장 과 도체특 에 는 고에

지, 고단 질 사료 여 처리구  하여 인 차이가 나타나지 않았

며, 사양단계별 사료 여는  질소 이용  높여주는 것  나타
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났다. 또한, 에 지   단계별  단 질 함량  사료를 ·

돈에 여할 경우  지 가격이 상승 고 사료 용  감 어  경 인 

이득  얻   있  것  사료 다.
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